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Abstract 
Introduction: There has been little investigation of whether the clinical effectiveness of smoking cessation treatments translates into 
differences in healthcare costs, using real-world cost data, to determine whether anticipated benefits of smoking cessation treatment are 
being realized.
Aims and Methods: We sought to determine the association between smoking cessation treatment and healthcare costs using linked ad-
ministrative healthcare data. In total, 4752 patients who accessed a smoking cessation program in Ontario, Canada between July 2011 and 
December 2012 (treatment cohort) were each matched to a smoker who did not access these services (control cohort). The primary outcome 
was total healthcare costs in Canadian dollars, and secondary outcomes were sector-specific costs, from one year prior to the index date until 
December 31, 2017, or death. Costs were partitioned into four phases: pretreatment, treatment, posttreatment, and end-of-life for those who 
died. 
Results: Among females, total healthcare costs were similar between cohorts in pretreatment and posttreatment phases, but higher for the 
treatment cohort during the treatment phase ($4,554 vs. $3,237, p < .001). Among males, total healthcare costs were higher in the treatment 
cohort during pretreatment ($3,911 vs. $2,784, p < .001), treatment ($4,533 vs. $3,105, p < .001) and posttreatment ($5,065 vs. $3,922, p = .001) 
phases. End-of-life costs did not differ. Healthcare sector-specific costs followed a similar pattern.
Conclusions: Five-year healthcare costs were similar between females who participated in a treatment program versus those that did not, with 
a transient increase during the treatment phase only. Among males, treatment was associated with persistently higher healthcare costs. Further 
study is needed to address the implications with respect to long-term costs.
Implications: The clinical effectiveness of pharmacological and behavioral smoking cessation treatments is well established, but whether such 
treatments are associated with healthcare costs, using real-world data, has received limited attention. Our findings suggest that the use of a 
smoking cessation treatment offered by their health system is associated with persistent higher healthcare costs among males but a transient 
increase among females. Given increasing access to evidence-based smoking cessation treatments is an important component in national 
tobacco control strategies, these data highlight the need for further exploration of the relations between smoking cessation treatment engage-
ment and healthcare costs.

Introduction
Smoking exacts a heavy burden on the healthcare system. 
In Ontario, Canada, direct healthcare costs because of 
smoking are estimated at $2.7 billion annually.1 While the 

clinical effectiveness of pharmacological and behavioral 
smoking cessation treatments is well established,2,3 whether 
such treatments are associated with healthcare costs, using 
real-world data, has received limited attention.4 Much of 
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the extant research are economic evaluations examining the 
cost to provide smoking cessation treatment relative to a 
quit-based outcome (eg, cost per successful quit attempt, 
cost per year of life saved)5 or simulations (eg, Markov-
based state transition models such as the Benefits of 
Smoking Cessation on Outcomes [BENESCO] model,6 or 
the European study on Quantifying Utility of Investment 
in Protection from Tobacco model [EQUIPTMOD]7). These 
simulate hypothetical populations using a range of model 
inputs to evaluate and compare interventions with regard 
to outcomes such as cost-effectiveness and cost–benefit; 
however, findings are highly sensitive to model inputs and 
assumptions.

We are aware of only two studies that measured the actual 
healthcare costs of smokers who used cessation treatment 
services. In the first, hospitalized smokers who received 
tobacco dependence treatment incurred lower healthcare 
charges in the year following admission compared with 
those who had not received treatment.8 The second study 
compared patients prescribed varenicline versus nicotine 
patches in general medical practices and found that all-
cause total healthcare costs were no different during the 
first 3 months but were lower for users of varenicline for 
the remainder of the year.4 However, these studies had limi-
tations: The first study was limited to costs incurred in hos-
pital settings and both studies were limited to 1 year of 
follow-up.

The timeframe or phase during which costs are accrued is 
important. Prior to treatment, smokers may experience health 
issues that lead to increased use of healthcare services and re-
sult in the initiation of smoking cessation treatment. During 
smoking cessation treatment, patients may also be motivated 
to seek other preventive health services or treatment for other 
health concerns. Other health services initiated prior or con-
current to smoking cessation treatment may continue for 
some length of time after smoking cessation treatment has 
terminated. The literature on smoking cessation, per se, and 
subsequent real-world healthcare costs, suggests a spike in 
costs around the time of a cessation attempt that may, or may 
not, diminish over time.9,10

The lack of evidence of real-world healthcare costs 
across sectors, beyond one year of follow-up, and among 
the broader population highlights an evidence gap. 
Additionally, utilization of healthcare services may differ 
by sex.11 To address this gap, we used linked administrative 
healthcare data and a phase-based approach to compare 
the healthcare costs for females and males who had and 
had not accessed a smoking cessation treatment program 
in Ontario, Canada.

Methods
Study Design
This retrospective matched cohort study used data from the 
Smoking Treatment for Ontario Patients (STOP) program 
that was previously linked12 to population-based adminis-
trative healthcare databases housed at ICES (https://www.
ices.on.ca). All datasets were linked using unique encoded 
identifiers and analyzed at ICES. This study was approved by 
the Research Ethics Board of the Centre for Addiction and 
Mental Health (protocol #110-2019) and follows Reporting 
of Studies Conducted Using Observational Routinely 
Collected Health Data (RECORD) guidelines.

Smoking Cessation Treatment Program
The STOP program delivers smoking cessation treatment 
online and at partnering healthcare and public health or-
ganizations across the province of Ontario, Canada. Patients 
may enroll at a partnering organization delivering the STOP 
program, provided they are a rostered or registered patient 
with that organization. Patients are considered enrolled in 
the program once they provide informed consent to treat-
ment and complete an initial assessment that collects relevant 
background information (eg, smoking history, psychiatric, 
and other medical diagnoses, other substance use), prior to 
receiving treatment. Treatment consists of individually tai-
lored nicotine replacement therapy (NRT) and behavioral 
counseling. Patients are eligible to receive up to 26 weeks of 
NRT in a 12-month period; up to 4 weeks of NRT may be 
dispensed at a single visit (exceptions may be permitted). Type 
and dose of NRT are tailored based on patient need, pref-
erence, and previous history of NRT use. Both long-acting 
(patch) and several types of short-acting NRT (eg, gum, loz-
enge, inhaler) are available, and a combination of long-acting 
and short-acting NRT is permitted. Patch doses exceeding 
21  mg per day, alone or in combination with short-acting 
NRT, are permitted based on the discretion of the health 
provider. Patient visits are typically every 2–4 weeks; how-
ever, the number, frequency, or duration of treatment visits 
is not prescribed and may vary based on patient need and 
clinic capacity. The format (ie, individual or group), content, 
frequency, and duration of counseling provided are also not 
prescribed and may vary. Providers implementing the STOP 
program are trained in cessation counseling and continuing 
education is available to them. The STOP program has been 
found effective, with 26% of patients self-reporting absti-
nence at 6-month follow-up.13

Cohort Derivation
We previously described the derivation of a larger treatment 
cohort of smokers who had utilized the STOP program via 
primary care clinics and a matched control cohort of smokers 
who had not.14 For the current analyses, the treatment co-
hort consisted of patients enrolled between July 1, 2011 and 
December 31, 2012. The matched control cohort of smokers 
was obtained from the Ontario component of the 2011/2012 
cycle Canadian Community Health Survey (CCHS), a 
national cross-sectional population-based health survey (see 
Supplementary Figure 1 for a flow chart of cohort deriva-
tion). The index date was the date of program enrollment for 
the treatment cohort or survey completion for the control co-
hort. Each individual in the treatment cohort was matched to 
one control individual using hard (sex and age at index date 
±2 years) and propensity score matching (using a greedy algo-
rithm with no replacement based on a caliper width of 0.2 SD 
of the logit of the estimated propensity score). The propensity 
score was calculated using multivariable logistic regression 
including the following variables: age at index date, educa-
tion, household income, number of cigarettes smoked per 
day at index, age first started smoking, comorbidity burden 
and the rate of both emergency department (ED) visits and 
hospitalizations in the 2 years prior to index date. Missing 
values of categorical variables were coded as a distinct cate-
gory and included in the propensity score; missing values of 
continuous variables were not included in the propensity score 
and patients were not matched. Age at index and sex were 
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obtained from the Registered Persons Database (RPDB) and 
immigration category was obtained from the Immigration, 
Refugee, and Citizenship Canada Permanent Resident da-
tabase.15 Comorbidity burden was derived from The Johns 
Hopkins ACG® System (Version 10) Aggregated Diagnosis 
Groups (ADG) scores, which use diagnoses to categorize 
individuals’ combined illnesses; scores were calculated using 
a 2-year lookback window from index date and categorized 
into four groups (0, 5, 6–9, 10+), with higher scores indicating 
greater comorbidity burden.16 Further details of the matching 
process and measurement of baseline covariates are provided 
elsewhere.14

Outcomes
The primary outcome was total direct healthcare costs from 
1 year prior to index date until December 31, 2017, or death, 
whichever occurred first. Occurrence and date of death were 
identified using the RPDB. Total direct healthcare costs in 
Canadian Dollars (CAD) were derived by applying a person-
centered costing approach using a well-established method-
ology for healthcare costing using administrative data.17 This 
algorithm estimates costs associated with hospitalizations 
(acute and psychiatric), ED visits and other ambulatory care, 
physician visits and outpatient care, outpatient prescription 
drugs (covered under the public provincial drug plan), inpa-
tient rehabilitation, complex continuing care, long-term care, 
and home care. See Supplementary Table 1 for health admin-
istrative datasets used for cost ascertainment. The province’s 
universal healthcare system does not include universal cov-
erage for prescription drug costs, but the Ontario Drug 
Benefit (ODB) plan covers most of the cost of prescription 
drug products for people 65 y and older and for those re-
ceiving social assistance, regardless of age. We included ODB 
claims for individuals aged 65 y and older only. Costs were 
adjusted to 2017 CAD using the Consumer Price Index.18

The costs associated with the STOP program itself are not 
included in the costing algorithm and are not included in these 
analyses. Although publicly funded by the province’s Ministry 
of Health, and available at no out-of-pocket cost to patients, the 
funding envelope is independent of other healthcare services; as 
such, utilization of the program and associated costs are not 
captured in the province’s administrative healthcare databases. 
These costs include smoking cessation pharmacotherapy, ad-
ministrative costs, and the initial specialized training of health 
providers in smoking cessation treatment, as well as ongoing 
training and clinical support for providers offered by STOP.

We used a phase-based approach to examine healthcare 
costs associated with the use of smoking cessation treatment 
during distinct treatment phases. Originally developed to an-
alyze costs of cancer care over distinct phases of care,19 phase-
based approaches have also been used to estimate long-term 
disease-related costs in epilepsy and infectious disease.20,21 We 
defined four phases a priori: (1) pretreatment, (2) treatment, 
(3) posttreatment, and an (4) end-of-life phase, applicable 
only to those who died on or after the index date. Phases were 
defined identically for each cohort, with index date as the an-
chor by which to define phases. Length of the treatment phase 
was set at 12 months beginning on the index date because the 
episode of care that begins with enrollment in the smoking 
cessation treatment program is 12 months. All individuals 
had a 12-month pretreatment phase immediately prior to 
the index date. The posttreatment phase varied in length and 
was defined as the time from the end of the treatment phase 

until the end of the study follow-up. Given the posttreatment 
phase duration could vary, we expressed costs per 12-month 
for comparability across phases. For those who died, we de-
fined the 12 months before death as the end-of-life phase, 
with remaining observation time assigned first to the treat-
ment phase and then the posttreatment phase.

Analysis
Distributions of baseline characteristics in our matched 
cohorts were reported, using frequencies and percentages to 
describe categorical measures and mean and standard devi-
ation to describe continuous measures. Standardized mean 
differences (SMD) were computed to examine balance in the 
distributions of baseline characteristics between the treat-
ment and control cohorts; an SMD of >0.1 was considered 
a meaningful imbalance. We report phase-based mean 
healthcare costs, overall and by healthcare sector (ED visits, 
medical hospitalizations, psychiatric hospitalizations, phy-
sician services, and all other sectors), with 95% confidence 
intervals, stratified by sex. Differences in mean costs between 
treatment and control groups were compared using p values 
obtained from two-sided two-sample t tests where a value 
<.05 was considered significant. As a supplementary anal-
ysis, we also report the relative percent change (with 95% 
confidence intervals) in total healthcare costs from the pre-
treatment phase to the treatment and posttreatment phases, 
in each cohort, stratified by sex, with differences in mean 
costs compared using p values. There were no missing data. 
Analyses were conducted using SAS Enterprise Guide version 
7.12 software.

Results
Baseline Characteristics
Supplementary Table 2 describes the characteristics of the 
4752 individuals in each of the treatment and control cohorts 
at index date, stratified by sex. The majority of characteris-
tics were well-balanced between cohorts. Compared to the 
control cohort, the treatment cohort had a higher proportion 
of daily smokers (both sexes), greater prevalence of chronic 
obstructive pulmonary disease (COPD; both sexes), diabetes 
(males only), and asthma (females only), and a higher number 
of ADG comorbidities (males only). The treatment cohort 
also had a higher rate of outpatient visits (males only) in the 2 
years prior to index date. Median follow-up times in the treat-
ment and control cohorts were 4.8 and 5.2 years, respectively.

Total Healthcare Costs Comparing Treatment Versus 
Control Cohorts by Phase
Among females, mean total healthcare costs were higher 
in the treatment cohort compared with the control cohort 
($4554 vs. $3237, p < .001) during the treatment phase, 
but not during other phases (see Table 1). Among males, 
mean total healthcare costs were higher in the treatment co-
hort compared with the control cohort during pretreatment 
($3911 vs. $2,784, p < .001), treatment ($4533 vs. $3105, p < 
.001), and posttreatment phases ($5065 vs. $4922, p = .001), 
but not during the end-of-life phase.

Sector-Specific Healthcare Costs Comparing 
Treatment Versus Control Cohorts by Phase
A similar pattern emerged for healthcare sector-specific costs 
as with total costs (see Tables 2 and 3 and Supplementary 
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Figures 2 and 3). During the pretreatment phase, among 
females, the only difference observed was higher mean costs 
for physician services in the treatment cohort compared with 
the matched control cohort ($1372 vs. $1166, p < .001). 
Among males, costs were higher in the treatment cohort 
versus the control cohort for ED visits ($224 vs. $152, p < 
.001), physician services ($1229 vs. $841, p < .001) and all 
other sectors ($1230 vs. $845, p = .002) during the pretreat-
ment phase.

During the treatment phase, mean costs for four of the 
five sectors were higher among females in the treatment co-
hort compared with those in the control cohort: ED visits 
($241 vs. $200, p = .005), medical hospitalizations ($1037 
vs. $593, p < .001), physician services ($1543 vs. $1165, p 
< .001), and all other sectors ($1570 vs. $1065, p < .001). 
Only mean costs for psychiatric hospitalizations did not 
differ. Among males, mean costs for three of the five sectors 
were higher for those in the treatment cohort compared 
with the control cohort during the treatment phase: ED 
visits ($213 vs. $157, p < .001), physician services ($1298 
vs. $877, p < .001) and all other sectors ($1690 vs. $1049, 
p = .002).

During the posttreatment phase, among females, as was the 
case for the pretreatment phase, the only difference observed 
between the treatment cohort and control cohort was mean 
costs for physician services ($1427 vs. $1282, p = .002). 
Among males, as was the case for the pretreatment and treat-
ment phases, costs were higher in the treatment cohort versus 
the control cohort for ED visits ($237 vs. $173, p < .001), 
physician services ($1252 vs. $990, p < .001) and all other 
sectors ($1950 vs. $1385, p = .002).

During the end-of-life phase, among males, costs were 
higher in the treatment versus control cohort for all other 
sectors ($19 735 vs. $14 481, p = .04). 

Total healthcare costs relative change from 
pretreatment phase to treatment and posttreatment 
phases by cohort
In both cohorts, among males and females, mean total 
healthcare costs were lowest during the pretreatment phase, 
increased during the treatment phase, further increased during 
the posttreatment phase, and were highest during the end-
of-life phase (see Table 1); one exception to this pattern was 
somewhat higher mean costs prior to treatment than during 
treatment among females in the control cohort. The mean rel-
ative percent change in total healthcare costs from pretreat-
ment to treatment and posttreatment in each cohort, stratified 
by sex, is reported in Supplementary Table 3.

Discussion
In this retrospective matched cohort study, we evaluated the 
association between utilization of a smoking cessation treat-
ment program and healthcare costs prior to, during, and 
posttreatment. Among females, total healthcare costs were 
similar between matched cohorts in the pre- and posttreatment 
phases, but higher for the treatment cohort during the treat-
ment phase. Among males, total healthcare costs were higher 
in the treatment cohort during the pretreatment, treatment 
and posttreatment phases. Healthcare sector-specific costs 
largely followed a similar pattern as with total costs.

Previous research on smoking cessation treatment and 
healthcare costs using real-world measurement of healthcare Ta

b
le

 1
. T

ot
al

 H
ea

lth
ca

re
 C

os
ts

 fo
r 

M
at

ch
ed

 Tr
ea

tm
en

t 
an

d 
C

on
tr

ol
 C

oh
or

ts
 b

y 
Tr

ea
tm

en
t 

P
ha

se

Ph
as

ea

Fe
m

al
es

 
Pr

et
re

at
m

en
t

T
re

at
m

en
t

Po
st

tr
ea

tm
en

t
E

nd
-o

f-
lif

e

T
re

at
m

en
t 

(n
 =

 2
39

7)
 

C
on

tr
ol

 (
n 

= 
23

97
) 

T
re

at
m

en
t 

(n
 =

 2
38

5)
 

C
on

tr
ol

 (
n 

= 
2,

37
5)

 
T

re
at

m
en

t 
(n

 =
 2

,3
58

) 
C

on
tr

ol
 (
n 

= 
2,

33
2)

 
T

re
at

m
en

t 
(n

 =
 1

53
) 

C
on

tr
ol

 (
n 

= 
17

8)
 

 
 M

ea
n 

co
st

s 
(9

5%
 C

I)
$3

,6
94

 (
$3

,3
54

, $
4,

03
4)

$3
,3

80
 (

$2
,9

94
, $

3,
76

5)
$4

,5
54

 (
$4

,1
26

, $
4,

98
1)

$3
,2

37
 (

$2
,8

82
, $

3,
59

3)
$4

,7
42

 (
$4

,3
41

, $
5,

14
3)

$4
,4

17
 (

$3
,9

93
, $

4,
84

1)
$4

5,
06

4 
($

38
,3

49
, $

51
,7

80
)

$5
3,

41
7 

($
41

,2
92

, $
65

,5
43

)

M
al

es

 
Pr

et
re

at
m

en
t

T
re

at
m

en
t

Po
st

tr
ea

tm
en

t
E

nd
-o

f-
lif

e

T
re

at
m

en
t 

(n
 =

 2
,3

55
) 

C
on

tr
ol

 (
n 

= 
2,

35
5)

 
T

re
at

m
en

t 
(n

 =
 2

,3
28

) 
C

on
tr

ol
 (
n 

= 
2,

33
1)

 
T

re
at

m
en

t 
(n

 =
 2

,2
92

) 
C

on
tr

ol
 (
n 

= 
22

90
) 

T
re

at
m

en
t 

(n
 =

 1
89

) 
C

on
tr

ol
 (
n 

= 
20

2)
 

 
 M

ea
n 

co
st

s 
(9

5%
 C

I)
$3

,9
11

 (
$3

,4
54

, $
4,

36
8)

$2
,7

84
 (

$2
,3

59
, $

3,
20

9)
$4

,5
33

 (
$3

,9
63

, $
5,

10
3)

$3
,1

05
 (

$2
,6

02
, $

3,
60

7)
$5

,0
65

 (
$4

,5
19

, $
5,

61
1)

$3
,9

22
 (

$3
,4

99
, $

4,
34

6)
$5

0,
12

8 
($

41
,8

22
, $

58
,4

33
)

$4
6,

17
7 

($
38

,7
41

, $
53

,6
13

)

C
I, 

co
nfi

de
nc

e 
in

te
rv

al
.

a T
he

 p
re

tr
ea

tm
en

t 
ph

as
e 

w
as

 1
2 

m
on

th
s 

pr
io

r 
to

 in
de

x 
da

te
, t

re
at

m
en

t 
ph

as
e 

w
as

 1
2 

m
on

th
s 

be
gi

nn
in

g 
on

 t
he

 in
de

x 
da

te
; p

os
tt

re
at

m
en

t 
ph

as
e 

la
st

ed
 f

ro
m

 t
he

 e
nd

 o
f 

th
e 

tr
ea

tm
en

t 
ph

as
e 

un
ti

l t
he

 e
nd

 o
f 

st
ud

y 
fo

llo
w

-u
p 

or
 u

nt
il 

th
e 

be
gi

nn
in

g 
of

 t
he

 e
nd

-
of

-l
if

e 
ph

as
e 

(i
f 

ap
pl

ic
ab

le
), 

bu
t 

co
st

s 
w

er
e 

ex
pr

es
se

d 
as

 1
2-

m
on

th
 c

os
ts

 f
or

 c
om

pa
ra

bi
lit

y 
ac

ro
ss

 p
ha

se
s;

 e
nd

-o
f-

lif
e 

ph
as

e 
w

as
 t

he
 1

2 
m

on
th

s 
be

fo
re

 d
ea

th
 (

if
 a

pp
lic

ab
le

). 
A

ll 
es

ti
m

at
es

 a
re

 in
 2

01
7 

C
an

ad
ia

n 
do

lla
rs

. B
ol

d 
de

no
te

s 
p-

va
lu

e 
of

 <
 .0

5.

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac166#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac166#supplementary-data


90 Baliunas et al.

Ta
b

le
 2

. H
ea

lth
ca

re
 S

ec
to

r-S
pe

ci
fic

 C
os

ts
 fo

r 
M

at
ch

ed
 Tr

ea
tm

en
t 

an
d 

C
on

tr
ol

 C
oh

or
ts

 b
y 

Tr
ea

tm
en

t 
P

ha
se

–F
em

al
es

Ph
as

ea

 
Pr

et
re

at
m

en
t

T
re

at
m

en
t

Po
st

tr
ea

tm
en

t
E

nd
-o

f-
lif

e

H
ea

lt
hc

ar
e 

se
ct

or
T

re
at

m
en

t 
(n

 =
 2

,3
97

) 
C

on
tr

ol
 (
n 

= 
23

97
) 

T
re

at
m

en
t 

(n
 =

 2
38

5)
 

C
on

tr
ol

 (
n 

= 
23

75
) 

T
re

at
m

en
t 

(n
 =

 2
35

8)
 

C
on

tr
ol

 (
n 

= 
23

32
) 

T
re

at
m

en
t 

(n
 =

 1
53

) 
C

on
tr

ol
 (
n 

= 
17

8)
 

E
D

 v
is

it
s

 
 M

ea
n 

co
st

s 
(9

5%
 C

I)
$2

20
 (

$2
01

, $
24

0)
$2

16
 (

$1
91

, $
24

1)
$2

41
 (

$2
19

, $
26

3)
$2

00
 (

$1
81

, $
21

8)
$2

47
 (

$2
29

, $
26

4)
$2

33
 (

$2
11

, $
25

4)
$1

,5
74

 (
$1

,3
31

, $
1,

81
7)

$1
,6

16
 (

$1
,3

79
, $

1,
85

4)

M
ed

ic
al

 h
os

pi
ta

liz
at

io
ns

 
 M

ea
n 

co
st

s 
(9

5%
 C

I)
$7

37
 (

$5
69

, $
90

6)
$6

80
 (

$5
23

, $
83

8)
$1

,0
37

 (
$8

38
, $

1,
23

7)
$5

93
 (

$4
85

, $
70

2)
$9

76
 (

$8
32

, $
1,

11
9)

$1
,0

54
 (

$8
78

, $
1,

23
0)

$1
9,

72
6 

($
15

,0
83

, $
24

,3
69

)
$2

4,
94

1 
($

15
,5

94
, $

34
,2

89
)

Ps
yc

hi
at

ri
c 

ho
sp

it
al

iz
at

io
ns

 
 M

ea
n 

co
st

s 
(9

5%
 C

I)
$1

56
 (

$3
9,

 $
27

3)
$2

80
 (

$3
8,

 $
52

3)
$1

63
 (

$8
2,

 $
24

3)
$2

14
 (

$3
, $

42
5)

$2
54

 (
$9

1,
 $

41
8)

$2
76

 (
$5

4,
 $

49
8)

$5
25

 (
$1

18
, $

93
2)

$4
93

 (
$1

24
, $

86
1)

Ph
ys

ic
ia

n 
se

rv
ic

es

 
 M

ea
n 

co
st

s 
(9

5%
 C

I)
$1

,3
72

 (
$1

,2
93

, $
1,

45
2)

$1
,1

66
 (

$1
,1

05
, $

1,
22

6)
$1

,5
43

 (
$1

,4
58

, $
1,

62
8)

$1
,1

65
 (

$1
,0

93
, $

1,
23

8)
$1

,4
27

 (
$1

,3
59

, $
1,

49
6)

$1
,2

82
 (

$1
,2

20
, $

1,
34

4)
$6

,4
35

 (
$5

,5
79

, $
7,

29
0)

$7
,5

16
 (

$5
,5

92
, $

9,
44

1)

A
ll 

ot
he

r 
se

ct
or

s

 
 M

ea
n 

co
st

s 
(9

5%
 C

I)
$1

,2
08

 (
$1

,0
52

, $
1,

36
4)

$1
,0

37
 (

$9
00

, $
1,

17
4)

$1
,5

70
 (

$1
,3

64
, $

1,
77

6)
$1

,0
65

 (
$8

90
, $

1,
24

1)
$1

,8
38

 (
$1

,6
30

, $
2,

04
6)

$1
,5

72
 (

$1
,3

74
, $

1,
76

9)
$1

6,
80

4 
($

13
,2

64
, $

20
,3

45
)

$1
8,

85
0 

($
15

,3
58

, $
22

,3
43

)

C
I, 

co
nfi

de
nc

e 
in

te
rv

al
; E

D
, e

m
er

ge
nc

y 
de

pa
rt

m
en

t.
a T

he
 p

re
tr

ea
tm

en
t 

ph
as

e 
w

as
 1

2 
m

on
th

s 
pr

io
r 

to
 in

de
x 

da
te

, t
re

at
m

en
t 

ph
as

e 
w

as
 1

2 
m

on
th

s 
be

gi
nn

in
g 

on
 t

he
 in

de
x 

da
te

; p
os

tt
re

at
m

en
t 

ph
as

e 
la

st
ed

 f
ro

m
 t

he
 e

nd
 o

f 
th

e 
tr

ea
tm

en
t 

ph
as

e 
un

ti
l t

he
 e

nd
 o

f 
st

ud
y 

fo
llo

w
-u

p 
or

 u
nt

il 
th

e 
be

gi
nn

in
g 

of
 

th
e 

en
d-

of
-l

if
e 

ph
as

e 
(i

f 
ap

pl
ic

ab
le

), 
bu

t 
co

st
s 

w
er

e 
ex

pr
es

se
d 

as
 1

2 
m

on
th

s 
co

st
s 

fo
r 

co
m

pa
ra

bi
lit

y 
ac

ro
ss

 p
ha

se
s;

 e
nd

-o
f-

lif
e 

ph
as

e 
w

as
 t

he
 1

2 
m

on
th

s 
be

fo
re

 d
ea

th
 (

if
 a

pp
lic

ab
le

). 
A

ll 
es

ti
m

at
es

 a
re

 in
 2

01
7 

C
an

ad
ia

n 
do

lla
rs

. B
ol

d 
de

no
te

s 
p-

va
lu

e 
of

 
<0

.0
5.

Ta
b

le
 3

. H
ea

lth
ca

re
 S

ec
to

r-S
pe

ci
fic

 C
os

ts
 fo

r 
M

at
ch

ed
 Tr

ea
tm

en
t 

an
d 

C
on

tr
ol

 C
oh

or
ts

 b
y 

Tr
ea

tm
en

t 
P

ha
se

–M
al

es

Ph
as

ea

 
Pr

et
re

at
m

en
t

T
re

at
m

en
t

Po
st

tr
ea

tm
en

t
E

nd
-o

f-
lif

e

H
ea

lt
hc

ar
e 

se
ct

or
T

re
at

m
en

t 
(n

 =
 2

35
5)

 
C

on
tr

ol
 (
n 

= 
23

55
) 

T
re

at
m

en
t 

(n
 =

 2
32

8)
 

C
on

tr
ol

 (
n 

= 
23

31
) 

T
re

at
m

en
t 

(n
 =

 2
29

2)
 

C
on

tr
ol

 (
n 

= 
22

90
) 

T
re

at
m

en
t 

(n
 =

 1
89

) 
C

on
tr

ol
 (
n 

= 
20

2)
 

E
D

 v
is

it
s

 
 M

ea
n 

co
st

s 
(9

5%
 C

I)
$2

24
 (

$2
05

, $
24

3)
$1

52
 (

$1
38

, $
16

7)
$2

13
 (

$1
92

, $
23

3)
$1

57
 (

$1
39

, $
17

4)
$2

37
 (

$2
17

, $
25

6)
$1

73
 (

$1
59

, $
18

6)
$1

,7
29

 (
$1

,4
55

, $
2,

00
4)

$1
,4

17
 (

$1
,1

92
, $

1,
64

2)

M
ed

ic
al

 h
os

pi
ta

liz
at

io
ns

 
 M

ea
n 

co
st

s 
(9

5%
 C

I)
$1

,0
56

 (
$7

91
, $

1,
32

1)
$7

33
 (

$4
65

, $
1,

00
1)

$1
,1

38
 (

$8
37

, $
1,

44
0)

$8
28

 (
$5

77
, $

1,
07

9)
$1

,3
54

 (
$1

,1
11

, $
1,

59
7)

$1
,1

51
 (

$9
35

, $
1,

36
7)

$2
1,

17
6 

($
16

,1
88

, $
26

,1
64

)
$2

2,
37

1 
($

17
,2

58
, $

27
,4

84
)

Ps
yc

hi
at

ri
c 

ho
sp

it
al

iz
at

io
ns

 
 M

ea
n 

co
st

s 
(9

5%
 C

I)
$1

72
 (

$8
8,

 $
25

6)
$2

13
 (

$6
6,

 $
35

9)
$1

95
 (

$1
08

, $
28

2)
$1

94
 (

$4
4,

 $
34

5)
$2

73
 (

$1
66

, $
37

9)
$2

23
 (

$1
04

, $
34

3)
$5

75
 (

$0
, $

1,
16

0)
$1

,2
08

 (
$0

, $
3,

13
8)

Ph
ys

ic
ia

n 
se

rv
ic

es

 
 M

ea
n 

co
st

s 
(9

5%
 C

I)
$1

,2
29

 (
$1

,1
50

, $
1,

30
8)

$8
41

 (
$7

81
, $

90
0)

$1
,2

98
 (

$1
,2

13
, $

1,
38

2)
$8

77
 (

$8
13

, $
94

1)
$1

,2
52

 (
$1

,1
79

, $
1,

32
4)

$9
90

 (
$9

31
, $

1,
04

9)
$6

,9
12

 (
$5

,9
22

, $
7,

90
3)

$6
,7

00
 (

$5
,7

68
, $

7,
63

2)

A
ll 

ot
he

r 
se

ct
or

s

 
 M

ea
n 

co
st

s 
(9

5%
 C

I)
$1

,2
30

 (
$1

,0
30

, $
1,

43
1)

$8
45

 (
$7

05
, $

98
5)

$1
,6

90
 (

$1
,4

18
, $

1,
96

2)
$1

,0
49

 (
$7

53
, $

1,
34

6)
$1

,9
50

 (
$1

,6
59

, $
2,

24
2)

$1
,3

85
 (

$1
,1

84
, $

1,
58

7)
$1

9,
73

5 
($

15
,2

70
, $

24
,2

00
)

$1
4,

48
1 

($
11

,8
79

, $
17

,0
83

)

C
I, 

co
nfi

de
nc

e 
in

te
rv

al
; E

D
, e

m
er

ge
nc

y 
de

pa
rt

m
en

t.
a T

he
 p

re
tr

ea
tm

en
t 

ph
as

e 
w

as
 1

2 
m

on
th

s 
pr

io
r 

to
 in

de
x 

da
te

, t
re

at
m

en
t 

ph
as

e 
w

as
 1

2 
m

on
th

s 
be

gi
nn

in
g 

on
 t

he
 in

de
x 

da
te

; p
os

tt
re

at
m

en
t 

ph
as

e 
la

st
ed

 f
ro

m
 t

he
 e

nd
 o

f 
th

e 
tr

ea
tm

en
t 

ph
as

e 
un

ti
l t

he
 e

nd
 o

f 
st

ud
y 

fo
llo

w
-u

p 
or

 u
nt

il 
th

e 
be

gi
nn

in
g 

of
 

th
e 

en
d-

of
-l

if
e 

ph
as

e 
(i

f 
ap

pl
ic

ab
le

), 
bu

t 
co

st
s 

w
er

e 
ex

pr
es

se
d 

as
 1

2 
m

on
th

 c
os

ts
 f

or
 c

om
pa

ra
bi

lit
y 

ac
ro

ss
 p

ha
se

s;
 e

nd
-o

f-
lif

e 
ph

as
e 

w
as

 t
he

 1
2 

m
on

th
s 

be
fo

re
 d

ea
th

 (
if

 a
pp

lic
ab

le
). 

A
ll 

es
ti

m
at

es
 a

re
 in

 2
01

7 
C

an
ad

ia
n 

do
lla

rs
. B

ol
d 

de
no

te
s 

p-
va

lu
e 

of
 

< 
0.

05
.



91Nicotine and Tobacco Research, 2023, Vol. 25, No. 1

costs has been scant. We found two such previous studies. Both 
reported at least some healthcare costs decreased in the year 
post-smoking cessation treatment compared with smokers 
who either received an alternative or no treatment. One 
study8 found a decrease in hospital-related healthcare costs 
1-year post-discharge among patients who had received inpa-
tient tobacco dependence treatment compared with patients 
who had not received treatment. However, these findings may 
not extrapolate to other healthcare sectors or broader general 
patient populations, as hospital inpatients may be more likely 
to benefit from intervention during an acute health event.22 
A second study4 found a decrease in total healthcare costs 
associated with the use of varenicline compared with NRT 
between 3 and 12 months posttreatment but did not include 
an untreated comparison group. Therefore, the extant litera-
ture does not provide a strong context in which to place our 
results. One might expect healthcare costs to decrease with 
the use of effective smoking cessation treatments based on 
evidence of the association between smoking cessation, per 
se, and healthcare costs. Surprisingly, few studies have meas-
ured real-world longitudinal costs of people who have quit 
smoking compared with those who continued to smoke. What 
has been published suggests that there may be a temporary 
increase in healthcare costs around the time of smoking ces-
sation as patients access care for various health concerns.9,10,23 
This may reflect patients’ medical status at initiation of treat-
ment rather than cessation itself.23 Taken on the whole, the 
literature suggests a short-term increase in healthcare costs 
could stem from a concomitant illness and cessation attempt.

This interpretation is consistent with findings among 
females in the current study. Total healthcare costs were 
higher among females during the treatment phase, indicating 
a transient increase co-occurring with smoking cessation 
treatment. Sectors driving this increase were ED visits, med-
ical hospitalizations, physician services, and all other sectors, 
indicating a wide-ranging uptick in healthcare costs. It is pos-
sible females in the early stages of an illness episode chose to 
make a quit attempt and that medical treatment for this ill-
ness episode co-occurred with smoking cessation treatment or 
shortly thereafter. For example, prior to surgery, patients may 
be advised or required to quit smoking, as cessation prior to 
surgery reduces the risk of postsurgical complications24,25; 
higher hospitalization costs in the treatment versus control 
cohort in the 12 months after index suggests that this is one 
plausible explanation.

In contrast to the transient difference in costs between the 
treatment and control cohorts among females, our findings 
among males were of persistently higher total healthcare 
costs before, during, and after smoking cessation treatment. 
This was driven by higher costs for ED visits, physician serv-
ices, and all other sectors (which included prescription drug 
costs for those 65 and older). Prior healthcare utilization 
was included in our propensity score matching, reducing 
the likelihood that observed differences reflect a general in-
clination to access healthcare services. Persistently higher 
costs may be explained by residual baseline differences in 
the burden of chronic disease between males in the matched 
cohorts; specifically, a higher prevalence of COPD and dia-
betes, and a greater number of ADG comorbidities, in the 
treatment versus control cohort. Among females, there was 
also a higher prevalence of COPD and asthma, but not of 
ADG comorbidity groups, and this did not translate into 
higher total costs prior to smoking cessation treatment. As 

with males, physician services among females were persist-
ently higher in the treatment versus control cohort prior 
to, during, and following treatment. It is possible that the 
greater prevalence of chronic respiratory conditions among 
females in the treatment cohort required ongoing outpatient 
monitoring and treatment but did not incur increased costs 
across as many sectors as for males. Although the acceler-
ated rate of decline in lung function in COPD is slowed by 
quitting smoking,26,27 underlying lung damage may not be 
completely reversible.28 Likewise, although smoking cessa-
tion is recommended for individuals with diabetes because 
it is associated with beneficial outcomes such as decreased 
macrovascular complications,29 there is also evidence of 
poorer glycemic control30 and increased risk for incident type 
2 diabetes31 for several years post-cessation. Thus, the ex-
tent and timeframe within which we might expect healthcare 
cost savings to occur in a particular population may vary 
based on type of comorbidities present and associated health 
improvements we can expect following smoking cessation 
treatment and cessation.

In our Supplementary Analysis of mean relative percent 
change in total healthcare costs, among females, costs during 
the treatment phase increased significantly more among 
those in the treatment cohort compared with the control 
cohort. However, overlapping confidence intervals suggest 
relatively similar increases for the treatment and control 
cohorts from pretreatment to treatment among males, and 
from pretreatment to posttreatment among both females 
and males.

The comparison group is an important consideration 
when interpreting these findings. When smoking cessation 
treatments are available, some individuals who smoke will 
be motivated to quit and will access the available treat-
ment in their quit attempt. However, in the general popu-
lation of people who smoke, as in our control cohort, there 
are also those who are motivated to quit and who choose to 
use smoking cessation aids to assist them in their attempt. 
In 2012 nearly half (47.6%) of all smokers in Canada had 
made at least one quit attempt in the past year and more 
than half (53.9%) of those who had made a quit attempt 
in the previous 2 years used some form of cessation assis-
tance including quit smoking medicines, counseling, and 
quitlines.32 In our study, there may be unknown proportions 
of individuals in both cohorts that attempted to quit smoking 
via these routes and this, in turn, may have affected the cost 
trajectories of the two cohorts. Indeed, it is possible that those 
in the non-treated cohort were more likely to obtain smoking 
cessation assistance outside of the health system and this 
could have affected their healthcare costs. Similarly, smoking 
cessation attempts may coincide with, or be precipitated by, 
a health event that motivates the effort to quit. Therefore, the 
ideal theoretical comparison group for our study would be 
composed of individuals who smoke and had precipitating, 
or emergent, health events comparable to those in the treat-
ment cohort, but did not seek smoking cessation treatment. 
Therefore, the comparison here is whether those who uptake 
this smoking cessation treatment program, which offers up 
to 26 weeks of free NRT combined with brief behavioral 
counseling, differ from the population of those who do not 
in terms of healthcare costs; it is not a comparison of quit-
motivated users and nonusers of smoking cessation treat-
ment generally, nor a comparison of those who quit versus 
continue to smoke.

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac166#supplementary-data
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Limitations
Although inclusion of a concurrent control group was a 
strength of this study, the exposure required both motiva-
tion to quit smoking and willingness to engage with smoking 
cessation treatment, neither of which can be randomized. 
Despite hard and propensity score matching, the cohorts 
remained unbalanced on some baseline comorbidities 
and unmeasured or residual confounding is possible. 
Additionally, the costing algorithm used captures most, but 
not all, healthcare costs; it does not include the costs of 
community-based addiction-related care and captures only 
costs of outpatient drugs covered by the public provincial 
drug plan. It also does not include all of the costs associ-
ated with delivering smoking cessation treatment through 
the STOP program, including medication costs and admin-
istrative support. As such, total healthcare costs incurred 
by the treatment cohort during the treatment phase are 
underestimated in the current analysis. Finally, as patients in 
Ontario do not incur out-of-pocket costs (ie, co-payments) 
for healthcare services, the generalizability of our results 
to other jurisdictions where this is not the case should be 
confirmed.

Conclusions
Individuals who used smoking cessation treatment services 
had greater healthcare costs compared with individuals who 
did not use these services; while this association was evident 
prior to treatment for males and persisted posttreatment, it 
was temporary for females. Given increasing access to evi-
dence-based smoking cessation treatments is an important 
component in national tobacco control strategies, these data 
suggest that economic arguments should only be one compo-
nent in building evidence-based treatment systems that aim to 
address the continuing tobacco epidemic.

Supplementary Material
A Contributorship Form detailing each author’s specific in-
volvement with this content, as well as any supplementary 
data, are available online at https://academic.oup.com/ntr.
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Data Availability 
The data set from this study, composed of STOP program 
data and ICES data sets, is held securely in coded form at 
ICES. While data sharing agreements and privacy legislation 
for the province of Ontario prohibit ICES from making the 
data set publicly available, access may be granted to those 
who meet prespecified criteria for confidential access, avail-
able at https://www.ices.on.ca/DAS. Requests to access ICES 
data may be submitted to ICES Data & Analytic Services at 
das@ices.on.ca, with information available at https://www.
ices.on.ca/DAS/Submitting-your-request.
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