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Objectives: Few studies have been published regarding the relevance of the admission diagnosis to the smoking cessation rate. We
studied smoking cessation rates in relation to admission diagnoses in our inpatient smoking cessation programmes.

Methods: This retrospective study included all patients recruited into our inpatient smoking cessation programmes at 2 institutions in
Singapore between June 2008 and December 2016. Patients were given individualized intensive counselling and were followed up
via phone interviews for up to 6-month to assess their smoking status. Multivariable logistic regression was used to analyse potential
associations between admission diagnoses and 6-month abstinence.

Results: A total of 7194 patients were included in this study. The mean age was 54.1 years, and 93.2% were male. In total, 1778 pa-
tients (24.7%) were abstinent at the 6-month follow-up call. Patients who quit smoking tended to be of Chinese ethnicity, have initiat-
ed smoking at a later age, be better educated, and have lower Fagerstrom Test of Nicotine Dependence scores. After adjusting for
these factors, patients with a cardiovascular admission diagnosis had a significantly higher probability of quitting tobacco use than
patients with a respiratory or other diagnosis.

Conclusions: In patients acutely admitted to the hospital, a diagnosis of cardiovascular disease was associated with the highest quit
rate. Smoking cessation interventions need to be incorporated into all cardiovascular disease treatment pathways to leverage the pa-
tient’s motivation and to improve the quit rate. In addition, patients in groups with lower quit rates may benefit from more intensive
programmes to increase the rate of successful cessation.
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INTRODUCTION

Tobacco use is a significant risk factor for chronic disease, in
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particularly when that admission is associated with the devel-
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vulnerability for the patient. Prior studies have shown relation-
ships between disease development or morbidity and smok-
ing cessation. However, these were largely general population
studies that did not include formal smoking cessation inter-
ventions [2-4].

It is still unknown whether morbidity predicts smoking ces-
sation outcomes in patients who undergo intensive smoking
cessation counselling. A deeper understanding of this poten-
tial relationship can help better tailor smoking cessation ef-
forts, especially if these efforts are incorporated into appropri-
ate clinical management pathways that have been shown to
improve care processes [5]. Furthermore, in patients with dis-
ease conditions that are not tobacco-related and that are as-
sociated with lower quit rates, additional interventions can be
employed to motivate smoking cessation.

Our study therefore aimed to evaluate the impact of the ad-
mission diagnosis on the smoking cessation rate in patients
who received smoking cessation counselling during their in-
patient stay.

METHODS

Study Design

This retrospective study included all patients enrolled in our
inpatient smoking cessation programmes at 2 hospitals in Sin-
gapore between June 2008 and December 2016. All patients
admitted to the participating wards were screened to deter-
mine their smoking status, and those who consented to re-
ceive intensive smoking cessation counselling were enrolled
in a programme. The study had no exclusion criteria.

Details of the Inpatient Smoking Cessation
Programmes

The inpatient smoking cessation programmes in both hos-
pitals were similar, with both programmes starting as partner-
ships between the hospitals and the Health Promotion Board
(HPB) of Singapore with the aim of integrating tobacco cessa-
tion interventions into the existing clinical management of
patients. Funding for manpower, training, and resources were
provided by the HPB, with hospitals reporting back quarterly
regarding reach and quit rates.

Details of Counselling Sessions
After the screening of admitted patients to determine their
smoking status, identified smokers were provided with brief
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counselling. They were then offered to be enrolled into their
hospital’s inpatient smoking cessation programme, which in-
cluded intensive counselling followed by phone interviews for
up to 6 months. All patients who consented to enrolment into
the programmes underwent intensive counselling, with each
session lasting approximately 45 minutes. All counselling ses-
sions were delivered by certified quit-smoking consultants [6]
who had undergone standardized courses organized by the
HPB. During these sessions, socio-demographic data and in-
formation regarding smoking patterns were collected. Fager-
strom Test of Nicotine Dependence (FTND) scores [7] were also
obtained, and admission details were traced from medical re-
cords.

Admission diagnoses were further classified into 4 main
groups (with predominant diagnoses in parentheses): cardiol-
ogy (myocardial infarction, congestive cardiac failure, and an-
gina), respiratory medicine (exacerbation of chronic obstruc-
tive pulmonary disease [COPD] or asthma and pneumonia),
neurology (stroke and transient ischaemic attack), and others.
Other diagnoses ranged widely, from orthopaedic conditions
to minor infections, such as cellulitis.

Pharmacologic aids (various forms of nicotine replacement
therapy as well as non-nicotine replacement medications such
as bupropion and varenicline) were prescribed according to
patients’ preferences if not contraindicated. Patients were then
followed up via phone interviews at 1 month, 3 months, and
6 months post-discharge for close monitoring of their smok-
ing status and supportive contact.

Outcomes

The primary outcome was the self-reported abstinence rate
at the time of the 6-month follow-up call. Only those who re-
ported during the phone interview that they had not used
cigarettes were considered to be successful quitters. Biochem-
ical validation was not performed, per programme protocol.
Patients who could not be contacted for follow-up were still
included in the statistical analysis and were assumed to be
non-quitters.

Statistical Analysis

Statistical analysis was performed to compare the character-
istics of successful quitters to those of non-quitters and to de-
termine whether the admission diagnosis had an impact on
the quit rate. Data from both hospitals were combined to form
a single set. Data were expressed as mean = standard devia-
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tion for continuous variables and as percentages or numbers
for categorical variables. Categorical and dichotomous vari-
ables were compared using the chi-square test, while continu-
ous variables were compared using the t-test. To adjust for po-
tential confounders, the findings that were significant on uni-
variable analysis were subjected to logistic regression model-
ling (via the enter method) to identify independent predictors
for quitting and to estimate the odds ratios and 95% confi-
dence intervals. The covariates of the model included age, age
of smoking initiation, FTND score, race, admission classifica-
tion, level of education, marital status, and the use of pharma-
cologic aids. All analyses were conducted using SPSS version
19 (IBM Corp., Armonk, NY, USA). All comparisons were 2-sid-
ed, and p-values <0.05 were considered to indicate statistical
significance.

Ethics Statement

Ethical approval for this project was obtained from the re-
spective review boards of both institutions (2017/2447 Singa-
pore Health Services Centralised Institutional Review Board/
National Healthcare Group Domain-Specific Review Board).

RESULTS

A total of 7194 patients were included in the analysis. Their
mean age was 54.11+14.0 years, and 93.2% of the patients
were male. Of the patients, 3563 (49.5%) were Chinese, 2379
(33.1%) Malay, 795 (11.1%) Indian, and 457 (6.4%) from other
ethnic groups. As background information, the national de-
mographics of Singapore are stable with regard to ethnic pro-
portions, with approximately 74.4% Chinese, 13.4% Malay,
9.0% Indian, and 3.2% other individuals as of June 2019 [8]. At
the 6-month follow-up call, 1778 patients (24.7%) reported
abstinence from tobacco use.

Patients who quit smoking were more likely to be older, to
have initiated smoking at a later age, to be married, to be bet-
ter educated, and to have lower FTND scores. A small propor-
tion of patients (8.8%) were started on pharmacologic smoking
cessation aids, but they had poorer quit rates (21.4 vs. 25.0%)
than patients not on pharmacotherapy (p<0.05); however,
this relationship was not found to be significant in the multi-
variable analysis (p=0.939). Chinese patients had significantly
higher quit rates than Malay or Indian patients (p=0.017). Sex,
having family members who smoked, and the number of pre-
vious quit attempts were not found to predict successful smok-
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ing cessation (Table 1).

Of the admissions, 45.8% (n=3292) were cardiology admis-
sions, 22.1% (n=1589) were respiratory admissions, 15.3%
(n=1099) were neurology admissions, and 16.9% (n=1214)
were other admissions. The quit rate was highest for cardiolo-
gy admissions (28.0%), followed by neurology (25.9%), respi-
ratory (23.9%), and other admissions (15.8%) (p<0.001).

Via multivariable analysis, the age of smoking initiation, FTND
score, marital status, education level (a tertiary education com-
pared to a primary education), and admission type (a cardiolo-

Quit Continued

Variables smoking smoking p-value

Total 1778 (24.7) 5416 (75.3)

Age (y) 55.0+13.4 53.8+14.2 0.002

Sex 0.386
Male 1665 (24.8) 5038 (75.2)

Female 113(23.0) 378 (77.0)

Age of smoking initiation (y) 18.4£6.7 17.3£5.8 <0.001

No. of previous quit attempts 1.3£1.7 13£17 0.293

FTND score 38+24 43+24  <0.001

Ethnicity 0.017
Chinese 935(26.2) 2628 (73.8)

Malay 556 (23.4) 1823 (76.6)
Indian 174(21.9) 621(78.1)
Others 113(24.7) 344 (75.3)

Marital status <0.001
Single/divorced/widowed 390(18.2) 1752 (81.8)

Married 1388 (27.5) 3664 (72.5)

Education <0.001
Primary 485(21.8) 1744 (78.2)

Secondary 787 (25.8) 2268 (74.2)
Post-secondary or higher 319(27.6) 838 (72.4)

Admission classification <0.001
Cardiology 922 (28.0) 2370 (72.0)
Respiratory 379(23.9) 1210(76.1)

Neurology 285(25.9) 814 (74.1)
Others 192 (15.8) 1022 (84.2)

Family members who smoke 0.452
Yes 1510 (24.9) 4557 (75.1)

No 268 (23.8) 859(76.2)

Use of pharmacologic aids 0.043
Yes 136 (21.4) 500 (78.6)

No 1642 (25.0) 4916 (75.0)

Values are presented as number (%) or mean = standard deviation.
FTND, Fagerstrém Test of Nicotine Dependence.
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Predictors OR (95% ClI) p-value
Age (per year older) 1.00(1.00, 1.01) 0.522
Age of smoking initiation 1.02(1.01, 1.03) <0.001
(per year older)
FTND score (per unit higher)' 0.91(0.89, 0.93) <0.001
Ethnicity
Chinese 1.00 (reference)
Malay 0.85(0.74, 0.97) 0.013
Indian 0.72 (0.59, 0.89) 0.002
Others 0.85(0.67, 1.08) 0.187
Marital status 1.62(1.40, 1.86) <0.001
Education level
Primary 0.68(0.57, 0.82) <0.001
Secondary 0.88(0.75, 1.03) 0.105
Post-secondary/tertiary 1.00 (reference)
Admission classification
Cardiology 1.00 (reference)
Respiratory 0.80(0.68, 0.93) 0.005
Neurology 0.90(0.76, 1.06) 0.196
Others 0.49(0.40, 0.59) <0.001
Use of pharmacologic aids 1.01(0.82, 1.25) 0.939
OR, odds ratio; Cl, confidence interval; FTND, Fagerstrom Test of Nicotine

Dependence.
'0R<1.00 suggests an inverse relationship.

gy admission compared to respiratory and other admissions)
were found to be independent predictors of smoking cessa-
tion (Table 2).

DISCUSSION

Our smoking cessation programmes are focused on inpa-
tient admissions to capitalize on the teachable moment when
inpatient smokers are experiencing perceived vulnerability and
thus may be more open to receiving help. These smokers may
also find it easier to quit in an environment where smoking
and the use of tobacco is prohibited. This perceived vulnerabil-
ity may differ depending on the type of admission, in that a se-
rious illness (such as a myocardial infarction or a stroke) may
lead to a higher perceived susceptibility to disease, which then
triggers changes in health behaviour. In a study by Newsom et
al. [9] that examined data from the United States Health and
Retirement Study, new diagnoses of chronic illnesses were as-
sociated with significant reductions in smoking prevalence. In
that study, those diagnosed with heart disease, cancer, or stroke
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experienced the largest decrease. We sought to evaluate wheth-
er these differences would persist in patients enrolled in a smok-
ing cessation programme.

In the present study, common predictors of smoking cessa-
tion, such as age of smoking initiation, marital status, FTND
score, and educational levels, were identified [10,11]. With re-
gards to admission diagnosis, cardiology, and neurology ad-
missions were associated with the highest quit rates, with the
frequent diagnoses under these 2 headings being myocardial
infarction and stroke, respectively. A possible explanation for
the high quit rates among these 2 groups of admission diag-
noses could be that such illnesses were seen by patients as se-
rious and potentially life-threatening, and the removal of smok-
ing as a risk factor is known to lessen morbidity and facilitate
recovery. Conversely, diagnoses other than cardiovascular, neu-
rological, or respiratory were associated with a relatively low
quit rate (15.8%). This was likely due to lower disease severity
or a lack of perceived association with smoking. Additionally,
“other” diagnoses were not chronic illnesses and therefore did
not serve as a constant reminder of the harms of smoking. Re-
spiratory diagnoses were also associated with a significantly
lower quit rate despite being smoking-related. Indeed, in a
qualitative study by Eklund et al. [12], patients with COPD were
found to have difficulty breaking their habit because of multi-
ple factors and a lack of internal motivation, even though they
had the knowledge about the harmful effects and consequenc-
es of continued smoking and COPD. Our findings highlight the
need for the further study of strategies and techniques to im-
prove the quit rates in these groups of patients. A study by
Rigotti et al. [13] showed that sustained care interventions
with automated telephone calls and free medication resulted
in higher rates of post-discharge smoking cessation than stan-
dard care among hospitalized adults. Our programmes already
utilize post-discharge follow-up telephone calls for supportive
contact, but the take-up rate of pharmacologic smoking ces-
sation aids was low in this study, which is an area that could
be improved. Other potential additional strategies that have
been shown in prior studies to result in higher quit rates could
include the use of automated text message-based or social
network-based interventions [14,15].

Interestingly, we found a trend (although statistically non-
significant in the multivariable analysis) towards lower quit
rates among patients who were administered pharmacologic
aids. This is not in keeping with the published literature [16].
We are unable to explain this difference, but medication com-
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pliance and motivation to quit may have been relatively poor
in the group that received these aids in the first place. We main-
tain that pharmacological aids should still be offered when in-
dicated, per current smoking cessation guidance [171].

We also found that the quit rate among Chinese smokers
was higher than that among Malay and Indian smokers. Malay
and Indian individuals in our study population make up a dis-
proportionate amount of smokers relative to the national de-
mographics. Thus, this population of smokers may have great-
er exposure to friends and family who are fellow smokers, lead-
ing to mutual reinforcement of the smoking habit and lower-
ing their quit rate.

The present study had a few limitations. First, as this was a
retrospective study, our 2 institutions did not collect similar
datasets, and we therefore analysed only variables that were
common to the data of both institutions. Nevertheless, the
variables included in our study have been demonstrated to be
predictors of smoking cessation success, as shown in one of
our authors’ earlier publications [18], and we believe that our
data were sufficient to evaluate for bias and show that admis-
sion diagnosis was an independent predictor of cessation suc-
cess. Second, our study did not take into consideration specific
differences in the management of the various admission diag-
noses in our institutions. The implementation of clinical path-
ways for specific diagnoses such as myocardial infarction and
COPD may have involved case management staff making ad-
ditional phone calls or consults to the patient beyond those
provided by our smoking cessation programmes and thereby
reinforcing the message to quit smoking. Third, in a large pro-
portion of the patients (10.5%), data on education level were
not collected. Nonetheless, the results from this study are in
keeping with other studies that have shown a direct correspon-
dence between quit rate and education level. Finally, in the
present study, we did not carry out biochemical validation to
verify abstinence. Although self-reporting is generally consid-
ered adequate in most smoking cessation studies given low
rates of misreporting [19], a 2019 review by Benowitz et al. [20]
showed that the biochemical verification of abstinence appears
to be increasingly important, as social norms and other person-
al factors affect the accuracy of reporting of smoking behav-
iour. However, as our programmes relied on phone interviews
to follow up with participants, it would not have been feasible
to employ biochemical verification. We also had little reason
to assume that untrue answers were differently distributed
between those who successfully quit and those who did not.

Admission Diagnoses and Smoking Cessation

In conclusion, we found significant differences in the smok-
ing cessation rate based on admission diagnosis. We postulate
that the most likely reason for this is the increased motivation
to quit when a smoker is diagnosed with a high-morbidity dis-
ease, such as myocardial infarction (cardiovascular disease) or
stroke (neurological disease), since the removal of smoking as
a risk factor is known to reduce morbidity and facilitate recov-
ery. For patients with diagnoses that were associated with lower
quit rates, further efforts could be implemented to improve
their cessation rates, such as the increased use of pharmaco-
logic aids or a greater frequency of supportive contact, either
in person or via the phone. Such measures are deserving of
further study.
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