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Objectives. To assess the impact of CVS Health’s discontinuation of tobacco sales on

cigarette purchasing.

Methods. We used households’ purchasing data to assess rates at which households

stopped cigarette purchasing for at least 6 months during September 2014 to August

2015 among 3 baseline groups: CVS-exclusive cigarette purchasers, CVS+ (CVS and other

retailers), and other-exclusive (only non-CVS retailers). In state-level analyses using re-

tailers’ point-of-sale purchase data, an interrupted time series compared cigarette

purchasing before (January 2012 to August 2014) and after (September 2014 to April

2015) tobacco removal in 13 intervention states with CVS market share of at least 15%

versus 3 control states with no CVS stores.

Results. Compared with other-exclusive purchasers, CVS-exclusive purchasers were

38% likelier (95% confidence interval = 1.06, 1.81) to stop cigarette purchasing after

tobacco removal. Compared with control states, intervention states had a significant

mean decrease of 0.14 (95% confidence interval = 0.06, 0.22) in packs per smoker per

month.

Conclusions. After CVS’s tobacco removal, household- and population-level ciga-

rette purchasing declined significantly. Private retailers can play a meaningful role in

restricting access to tobacco. This highlights one approach to reducing tobacco use

and improving public health. (Am J Public Health. 2017;107:556–562. doi:10.2105/

AJPH.2016.303612)

See also Galea and Vaughan, p. 500.

Smoking is the leading cause of prevent-
able morbidity and mortality in the

United States, accounting for more than
480 000 deaths each year, $133 billion in
medical costs, and $156 billion in lost pro-
ductivity.1,2 Although smoking rates have
declined, nearly 1 in 4 US adults still use
tobacco, and 16.8% of persons in the United
States smoke cigarettes.3,4 Reducing tobacco
use continues to be a public health priority.

Accumulating evidence suggests that
restricting access to and limiting opportu-
nities to smoke tobacco reduces tobacco
use.5–7 Prohibiting smoking in public and
private locations, increasing financial costs
through taxation, and raising the tobacco
purchasing age are all linked to decreases
in smoking prevalence.5,7 Limiting the

number of locations where tobacco can be
purchased is also effective. When
San Francisco, California, and Boston,
Massachusetts, prohibited tobacco sales in
pharmacies, cigarette purchasing declined.6

On September 3, 2014, after changing its
name to CVS Health, CVS removed tobacco
products from its more than 7800 retail stores
in 47 states nationwide and began a high-
profile media and advertising campaign both
in and outside of its stores to encourage

smoking cessation.8 Little is known about
whether such a decision by a large retail
pharmacy chain led to reductions in tobacco
use, or if consumers simply switched their
purchasing to alternative retailers. We sought
to examine the effect of CVS’s decision
on cigarette purchasing by evaluating 2
complementary data sources. With
household-level data, we compared the effect
of CVS Health’s decision to stop selling
tobacco on cigarette purchasing by consumers
who previously purchased cigarettes at
CVS versus those who purchased at other
retail outlets. We used state-level data to
assess whether the CVS decision led to
population-level reductions in cigarette pur-
chasing, comparing states with substantial CVS
retail market share to states with no CVS retail
presence. We hypothesized that restricting ac-
cess to tobacco would reduce cigarette pur-
chasing at the household and population levels.

METHODS
Data were provided by IRi Worldwide,

a firm that collects retail purchasing data
by using various methods to understand
and track consumers’ purchasing behaviors
for specific retail goods.9 To assess changes
in cigarette purchasing associated with
tobacco removal, we used monthly data
for unique households participating in IRi’s
Household Panel Survey, a nationally
representative, opt-in panel in which
household members regularly scan
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and report all retail purchases and corre-
sponding purchasing locations. All purchases
are recorded, regardless of retailer. Data in-
cluded unique households’ demographic data
(female or male head of household’s age, race,
education, marital status, occupation, and
Hispanic ethnicity; family size; presence of
children; income; rented or owned residence)
and monthly cigarette pack purchasing vol-
ume, frequency, and location. IRi tracks
households’ participation monthly and flags
those households who do not report any
purchases of any retail good within a given
month. We used this participation flag to
determine households’ study eligibility and,
when appropriate, to censor those households
that were no longer contributing information
to the panel. All households were de-
identified.

Because many readers may be unfamiliar
with such companies and data collection,
it may be useful to think of an analogous
situation: the Nielsen Company’s moni-
toring of television viewership, in which
households are asked to report on their
television program viewing on a monthly
basis to understand shows’ popularity, what
the characteristics are of people who are
watching, and other data.10

To compare state-level purchasing of to-
bacco products before and after CVS tobacco
removal in states where CVS Pharmacies are
located versus states with noCVSPharmacies,
IRi provided monthly point-of-sale cigarette
purchasing data from all drug, food, big box,
dollar, convenience, and gas station retailers in
26 states: Alabama, Arizona, Arkansas, Col-
orado, Florida, Georgia, Illinois, Indiana,
Kentucky, Louisiana, Maryland, Michigan,
Missouri, Nevada, New York, North Caro-
lina, Ohio, Oklahoma, Oregon, Pennsylva-
nia, South Carolina, Tennessee, Vermont,
Virginia, Washington, and Wisconsin. Only
26 states’ data were available because of
competitive restrictions. To protect retailers’
competitive information, IRi only releases
data if there are more than 2 retailers reflected
in the relevant household purchase behaviors
(in this case, cigarettes) at all levels of geog-
raphy (e.g., local market, county, state).

Study Designs
Household-level study. The main

household-level study used an open cohort

study design, which recognized that the in-
cidence of the outcome, stopping cigarette
purchasing, was likely to vary during the
follow-up period. Cohort study–eligible
households reported 1 or more purchase
of any retail good in each of June, July,
and August 2014 (i.e., they were actively
participating in IRi’s panel survey, collec-
tively defined as the 3-month baseline
period). Households were followed for 52
weeks immediately following tobacco re-
moval at CVS, September 2014 to August
2015. Households could leave the panel
during follow-up.

Recognizing that the cohort design itself
could not account for the seasonality of to-
bacco use, we conducted a sensitivity analysis
by using a cross-sectional, difference-in-
differences approach. We compared changes
in cigarette purchasing in the months im-
mediately before and after tobacco removal
at CVS in September 2014 (tobacco-removal
period): the baseline months were July and
August 2014, and the follow-upmonths were
September 2014 to February 2015. To un-
derstand the cigarette purchasing behaviors
of households in the absence of tobacco
removal by CVS, we repeated this com-
parison 1 year earlier, which we refer to as
the comparison period: July and August
2013 (baseline) and September 2013 to
February 2014 (follow-up). Eligible
households purchased 1 or more cigarette
packs during baseline and 1 or more retail
goods every month to ensure they remained
in the IRi panel, consistent with the cross-
sectional design. Figure A, available as
a supplement to the online version of this
article at http://www.ajph.org, depicts
each of the household-level study design
approaches.

State-level studies. We used an interrupted
time series design with 40 monthly mea-
surements for each state, 32 before (January
2012–August 2014) and 8 after tobacco re-
moval (September 2014–April 2015).

Exposure
Household-level studies. In the cohort

study, we created 3 groups, defined in the
baseline period, to examine whether greater
CVS loyalty as a source for cigarettes was
associated with a greater likelihood of stop-
ping cigarette purchasing after tobacco

removal. CVS-exclusive purchasers only
bought cigarettes at CVS, CVS+ purchasers
bought at both CVS and non-CVS stores,
and other-exclusive purchasers bought ex-
clusively at non-CVS locations and acted
as the reference group. In the difference-in-
differences sensitivity analysis, we compared
CVS-exclusive purchasers with mixed
purchasers—households that bought ciga-
rettes at bothCVS and non-CVS stores or that
bought exclusively at non-CVS stores. These
groups aremutually exclusive. In both studies,
we explored effect modification by greater
baseline cigarette consumption: 3-or-more-
pack purchasers bought 3 or more packs
during the baseline period, the equivalent of
1 pack per month in the cohort study’s
baseline period, admittedly a low cutpoint.
We wanted to test the hypothesis that even
at low consumption levels, CVS-exclusive
purchasers who consumed even slightly more
cigarettes were more likely to show disrup-
tion in their cigarette purchasing behaviors
as a result of CVS’s action, and therefore
might be more likely to stop purchasing
cigarettes altogether.

State-level studies. In our primary
population-level analysis, we compared 13
intervention-group states (AL, FL, GA, IL,
IN, MD, NV, NY, NC, OH, PN, SC, VA)
where CVS had market share of 15% or
higher (based on all retail sales) to a control
group of the only 3 states with no CVS
Pharmacy retail stores (CO, OR, WA). To
assess whether there was a dose–response
association between CVS market share and
cigarette purchasing after tobacco removal,
we next analyzed data from all 26 states
with any value ofCVSmarket share, using the
log of CVS Pharmacy’s market share (to
account for the observed nonlinear pattern
that as market share increased, changes in
cigarette purchasing diminished, the
phenomenon known as the “law of dimin-
ishing returns”) as a continuous exposure.

Outcomes and Censoring
Household-level studies. A household

stopped cigarette purchasing when no
cigarette purchases were made during any
6-month span in the follow-up period. In the
open cohort study with a 12-month follow-
up period, the outcome was specified as the
first month after the 6-month criterion was

AJPH RESEARCH

April 2017, Vol 107, No. 4 AJPH Polinski et al. Peer Reviewed Research 557

http://www.ajph.org


met, because, by definition, the outcome was
not possible to ascertain until the full 6months
had passed. We censored households at the
first month when no consumer good pur-
chases were reported (indicating that the
household had left the panel), occurrence of
the outcome, or the end follow-up. In the
difference-in-differences sensitivity analysis,
the follow-up period was 6 months, so we
assessed the outcome only once, at the very
end of the follow-up period.

State-level studies. The state-level out-
come was cigarette packs per smoker, cal-
culated for each state as purchased cigarette
packs divided by the state’s number of adult
smokers. Each state’s smoking population
was estimated as the number of adults (from
the American Community Survey)11 times
the prevalence of adult smokers (from the
Behavioral Risk Factor Surveillance Sys-
tem),12 each updated yearly for 2012 to
2014; 2015 data were not yet available, so we
used 2014 data again.

Statistical Analysis
Household-level studies. In the cohort

study, descriptive statistics depict household
characteristics and cigarette purchasing fre-
quency (number of cigarette purchase trans-
actions during the baseline period) and
volume (number of cigarette packs during the
baseline period for all and ‡ 3 pack pur-
chasers). We calculated unadjusted risks
(number of households that stopped cigarette
purchasing divided by total households)
and rates (number of households that stopped
cigarette purchasing divided by household-
months). We calculated household-months
as the sum of the months contributed by each
household before having the outcome or
being censored.We evaluated the unadjusted
and adjusted hazards of stopping cigarette
purchases by using Cox proportional hazards
models and generalized estimating equations
to account for repeated measurements across
households.13,14 Adjusted models included
all household demographic characteristics.
We also adjusted for baseline cigarette pur-
chasing frequency and purchasing volume,
as we anticipated that these might differ
substantially between CVS-exclusive and
other purchasers.

In the cross-sectional study, we calculated
the same descriptive statistics and unadjusted

risks as described previously. In a multi-
variable logistic regression, we compared
changes in stopping cigarette purchasing
between the tobacco removal period and
the comparison period occurring 1 year
before for CVS-exclusive versus mixed
purchasers, adjusting for all covariates de-
scribed previously, including purchasing
frequency and volume. Because of the rarity
of the outcome, the resulting odds ratio
approximated a risk ratio.

State-level studies. For each interrupted
time series, linear regression models allowed
for an immediate-level change in September
2014 at tobacco removal and a postremoval
slope change to assess longer-term trend
effects. All models used generalized esti-
mating equations to account for repeated
measurements.13,14 We adjusted for known
seasonality in cigarette purchasing (e.g.,
New Year’s resolutions to quit smoking)
with quarterly indicators and for state-
specific, time-varying tobacco control and
health care program changes that might
influence cigarette purchasing: cigarette
taxes,15 Medicaid expansion (or not) that
expanded access to smoking cessation re-
sources,16 and the yearly ratio of a state’s
tobacco control spending to the Centers for
Disease Control and Prevention’s recom-
mended spending for that state.17,18 Using
only the statistically significant parameter
result (slope change), we quantified how
many fewer packs were purchased per
smoker over the 8-month follow-up by
summing the results across the 8 months:

ð1Þ

ðslope change �month 1Þ
1 ðslope change �month 2Þ1 . . .

1 ðslope change �month 8Þ:

We then extrapolated this result to cal-
culate howmany fewer packs were purchased
in states with CVS market share of greater
than or equal to 15% over the 8 months after
removal by multiplying the pack purchasing
changes per adult smoker in the 8 months by
the total estimated adult smokers in each of
the states with CVSmarket share greater than
or equal to 15%, and then summed all these
states’ results. We then calculated the per-
centage change in pack purchases in these
states over the 8 months after removal by
comparing how many fewer packs were
purchased to the estimated total pack

purchases in these states had tobacco removal
from CVS not occurred.

RESULTS
Results from the household-level studies

are described first, followed by those from the
state-level studies.

Household-Level Studies
In the cohort study, 8952 households

purchased cigarettes during baseline, with
5366 purchasing 3 or more packs (Table A,
available as a supplement to the online version
of this article at http://www.ajph.org).
Among all purchasers, CVS-exclusive pur-
chasers (29%) were more likely to be
employed in professional, managerial, or
administrator jobs compared with CVS+
(22%) or other-exclusive (22%) purchasers.
Fully 42% of CVS-exclusive purchasers re-
ported household incomes greater than or
equal to $60 000, compared with CVS+
(30%) and other-exclusive purchasers (28%).

Compared with only 16% of CVS-
exclusive purchasers who bought cigarettes
in all 3 baseline months (June–August 2014),
65% of CVS+ purchasers bought cigarettes
in all 3 baseline months (Table 1). During
the 3-month baseline period, CVS-exclusive
purchasers bought fewer cigarette packs
(mean= 13, [SD=25]; compared with
mean= 41, [SD=42] for CVS+ and
mean= 30, [SD=44] for other-exclusive
purchasers).

Among all purchasers in adjusted models,
CVS-exclusive purchasers’ rates of stopping
cigarette purchases (0.04 per household-
month) were at least twice as high as rates
among CVS+ (0.01 per household-month)
and other-exclusive (0.02 per household-
month) purchasers (Table 2). Compared with
other-exclusive purchasers, CVS-exclusive
purchasers were 38% more likely (95%
confidence interval [CI] = 1.06, 1.81) to
stop cigarette purchases, with adjustment
for all other factors. The likelihood was
even greater for 3-or-more-pack purchasers
buying exclusively at CVS (hazard ratio
[HR] = 2.31; 95% CI = 1.55, 3.44). CVS+
purchasers’ likelihood of stopping cigarette
purchases was comparable with that of
other-exclusive purchasers: among all smokers

AJPH RESEARCH

558 Research Peer Reviewed Polinski et al. AJPH April 2017, Vol 107, No. 4

http://www.ajph.org


(HR= 0.82; 95% CI= 0.61, 1.09); among
3-or-more-pack purchasers (HR=0.81; 95%
CI= 0.55, 1.22).

The difference-in-differences sensitivity
study’s household demographic characteris-
tics and cigarette purchasing frequency and
volume were similar to those in the cohort
study (data not shown). Among all house-
holds there were 121 CVS-exclusive and
4914 mixed purchasers in the pre–tobacco-
removal period (baseline = July–Aug 2013;
follow-up= September 2013–April 2014)
and 94 CVS-exclusive and 4884 mixed
purchasers in the comparator post–tobacco-
removal period (baseline = July–Aug 2014;
follow-up= September 2014–April 2015).
Among 3-or-more-pack purchasers, there

were 60 CVS-exclusive and 3503 mixed
purchasers in the pre– and 51 CVS exclusive
and 3416 mixed purchasers in the post–
tobacco-removal periods. CVS-exclusive
purchasers’ likelihood of stopping cigarette
purchases increased 10% (all purchasers) and
20% (‡ 3 pack purchasers) in the post–
tobacco-removal period, whereas mixed
purchasers’ risk did not change (Table 3).
When we adjusted for all covariates including
baseline purchasing frequency and volume,
CVS exclusive purchasers had a higher like-
lihood of stopping purchases versus mixed
purchasers: mixed purchasers’ risk ratio was
2.14 (95% CI= 1.02, 4.46); 3-or-more-pack
purchasers’ risk ratiowas 6.04 (95%CI= 1.45,
25.16).

State-Level Studies
In 2012, the smoking prevalence ranged

from 12.6% in California to 28.3% in Ken-
tucky (Table B, available as a supplement to
the online version of this article at http://
www.ajph.org) and generally decreased with
time. Cigarette taxes were largely stable.
Thirteen states expanded Medicaid in 2014;
2 in 2015.

After tobacco removal, there was no
short-term change in cigarette pack purchases
between intervention and control states
(Table 4). However, over the 8-month
follow-up, compared with control-state
smokers, intervention-state smokers did de-
crease cigarette purchases after tobacco re-
moval by a mean of 0.14 (95% confidence
interval [CI] = 0.06, 0.22) packs per smoker
per month. On average, in the 8 months after
removal, intervention state smokers reduced
purchasing by an additional mean of 5.31
(95% CI= 2.25, 8.36) packs. Similarly, in-
creasing CVSmarket share was not associated
with a short-term change in pack purchases,
but each 5% increase inCVSmarket sharewas
associated with a mean decrease of 0.15 (95%
CI= 0.01, 0.29) packs per smoker per month.

DISCUSSION
To our knowledge, this is the first study to

evaluate the impact of a large retail company’s
decision to end cigarette sales on unique
household and population-level cigarette
purchasing. Our findings suggest that the
decision to eliminate cigarette sales at 1 retail
pharmacy chain had a meaningful effect on
cigarette purchasing behavior. Although
some consumers of tobacco products at CVS
certainly altered their cigarette purchasing
locations when cigarettes became unavailable
at CVS, our findings demonstrate that other
CVS tobacco consumers purchased less
tobacco.

In survival analyses, households that had
purchased cigarettes exclusively at CVS
Pharmacy were 38% more likely to stop
buying cigarettes after CVS stopped tobacco
sales, and those CVS Pharmacy consumers
who bought more cigarettes, “3-or-more-
pack purchasers,” were more than twice as
likely to stop buying cigarettes, likely
reflecting the greater disruption in their

TABLE 1—Cigarette Pack Purchasing Frequency and Volume in the Baseline Period:
Household-Level Cohort Study, United States, June–August 2014

Variable CVS Exclusive CVS+ Other-Exclusive P

All purchasersa

No. 185 453 8314
Pack frequency, no. (%)
‡ 1 pack in only 1 mo 128 (69) 44 (10) 3560 (43) < .001
‡ 1 pack in each of 2 mo 27 (15) 114 (25) 1894 (23)
‡ 1 pack in each of 3 mo 30 (16) 295 (65) 2860 (34)

Pack volumeb

At CVS, mean 6SD 13 625 15 625 0 < .001
At CVS, median (IQR) 4 (2–12) 5 (2–16) 0
At all other non-CVS retailers, mean 6SD 0 26 634 30 644
At all other non-CVS retailers, median (IQR) 0 13 (4–33) 10 (3–38)
At any retailer, mean 6SD 13 625 41 642 30 644
At any retailer, median (IQR) 4 (2–12) 26 (11–60) 10 (3–38)

‡3 pack purchasersc

No. 88 326 4952

Pack frequency, no. (%)
‡ 1 pack in only 1 mo 59 (67) 38 (12) 1673 (34) < .001
‡ 1 pack in each of 2 mo 8 (9) 55 (17) 1011 (20)
‡ 1 pack in each of 3 mo 21 (24) 233 (71) 2268 (46)

Pack volume
At CVS, mean 6SD 25 633 19 628 0 < .001
At CVS, median (IQR) 12 (6–24) 8 (2–24) 0
At all other non-CVS retailers, mean 6SD 0 34 636 46 650
At all other non-CVS retailers, median (IQR) 0 20 (10–49) 29 (10–66)
At any retailer, mean 6SD 25 633 53 644 46 650
At any retailer, median (IQR) 12 (6–24) 40 (20–77) 29 (10–66)

Note. IQR= interquartile range. CVS-exclusive purchasers only bought cigarettes at CVS, CVS+ pur-
chasers bought at both CVS and non-CVS stores, and other-exclusive purchasers bought exclusively at
non-CVS locations.
aAll purchasers were households that purchased at least 1 cigarette pack in the baseline period.
bPack volume was the sum of all cigarette pack purchases in the baseline period, June–August 2014.
Only 1 pack purchase is required during the 3-mo period.
c‡ 3 pack purchasers were households that purchased at least 3 cigarette packs in the baseline period.
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tobacco use and purchasing behaviors when
CVS removed tobacco. Separate difference-
in-differences analyses corroborated these
findings. Similarly, at the population level, in
the 13 states with greater than or equal to 15%
CVS Pharmacy retail market share, con-
sumers purchased 95 million fewer packs of

cigarettes over the 8 months subsequent to
tobacco removal (equivalent to 5 fewer packs
per smoker), representing a 1% reduction in
sales in these states. In another population-
level analysis, we observed a dose–response
relationship between CVS Pharmacy retail
market share and reductions in cigarette

purchasing that confirmed the directionality
and magnitude of the intervention versus
control state findings.

We used numerous approaches and data
sources, as each had limitations. We charac-
terized households as having stopped
purchasing cigarettes, but we were unable to

TABLE 2—Risk, Rate, and Hazards of Stopping Cigarette Purchasing During the Follow-Up Period: Household-Level Cohort Study,
United States, September 2014–August 2015

Risk of Stopping Cigarette
Purchasing,a No. (%)

Rate of Stopping Cigarette
Purchasing, per Household-Monthb

Unadjusted
HR (95% CI)c

Adjusted
HRc,d (95% CI)

Variable
CVS-Exclusive
Purchasers

CVS+
Purchasers

Other-Exclusive
Purchasers

CVS-Exclusive
Purchasers

CVS+
Purchasers

Other-Exclusive
Purchasers

CVS-Exclusive
Purchasers

CVS+
Purchasers

CVS-Exclusive
Purchasers

CVS+
Purchasers

All purchaserse 58 (31) 49 (11) 1582 (19) 0.04 0.01 0.02 2.44 (1.88, 3.17) 0.43 (0.32, 0.57) 1.38 (1.06, 1.81) 0.82 (0.61, 1.09)

‡ 3 pack
purchasersf

27 (31) 26 (8) 661 (13) 0.04 0.01 0.02 3.76 (2.56, 5.52) 0.51 (0.34, 0.75) 2.31 (1.55, 3.44) 0.81 (0.55, 1.22)

Note. CI = confidence interval; HR =hazard ratio. CVS-exclusive purchasers only bought cigarettes at CVS, CVS+ purchasers bought at both CVS and non-CVS
stores, and other-exclusive purchasers bought exclusively at non-CVS locations.
aUnadjusted risks were calculated as the number of households that stopped cigarette purchasing divided by total households.
bUnadjusted rates were calculated as the number of households that stopped cigarette purchasing divided by household-months. Household-months were
calculated as the sum of the months contributed by each household before having the outcome or being censored.
cThe reference group for each model is households that exclusively purchased cigarettes at other retailers, “Other-exclusive purchasers.”
dModel adjusted for head of household’s age, gender, race, Hispanic ethnicity, education level, marital status, and employment type; household’s income,
household size, presence of children in the household, and whether residence is rented or owned; baseline cigarette pack purchasing frequency; and baseline
cigarette pack purchasing volume.
eAll purchasers purchased ‡1 pack of cigarettes during the baseline period.
f‡ 3-pack purchasers purchased ‡ 3 packs of cigarettes during the baseline period.

TABLE 3—Impact of CVS’s Tobacco Removal on Stopping Cigarette Purchasing: Household-Level Cross-Sectional Difference-in-Differences
Study, United States

Households Who Stopped Cigarette
Purchasing, No. (%)

Difference in Stopping Cigarette
Purchasing, %

Likelihood of Stopping Cigarette
Purchasing,e RR (95% CI)

Variable
Comparison

Follow-Up Perioda
Tobacco Removal
Follow-Up Periodb Between Periodsc

Between
Purchasersd,e Unadjusted Adjustedf

All purchasersg 10
CVS-exclusive purchasers 20 (17) 25 (27) 10 1.78 (0.91, 3.49) 2.14 (1.02, 4.46)
Mixed purchasers 578 (12) 589 (12) 0 1 (Ref) 1 (Ref)

‡ 3 pack purchasersh 20
CVS-exclusive purchasers 3 (5) 13 (25) 20 6.81 (1.79, 25.87) 6.04 (1.45, 25.16)
Mixed purchasers 226 (6) 211 (6) 0 1 (Ref) 1 (Ref)

Note. CI = confidence interval; RR = risk ratio. CVS-exclusive purchasers only bought cigarettes at CVS, andmixed purchasers bought cigarettes at both CVS and
non-CVS stores or that bought exclusively at non-CVS stores.
aSeptember 2013–February 2014.
bSeptember 2014–February 2015.
cBetween the tobacco removal period and comparison period.
dDifference in differences.
eAssociated with CVS tobacco removal.
fModel adjusted for head of household’s age, gender, race, Hispanic ethnicity, education level, marital status, and employment type; household’s income,
household size, presence of children in the household, and whether residence is rented or owned; baseline cigarette pack purchasing frequency; and baseline
cigarette pack purchasing volume.
gAll purchasers bought ‡ 1 pack of cigarettes during the baseline period.
h‡3-pack purchasers bought ‡ 3 packs of cigarettes during the baseline period.
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confirm smokers’ actual quitting efforts or
intentions.19 We were similarly unable to
determine whether single or multiple
smokers resided within a household, so our
analyses may underestimate effects. Recognizing
disparities in baseline characteristics between
exposure groups, we explicitly adjusted for cig-
arette pack purchasing volume, purchasing fre-
quency, and demographics in analyses. Although
survey households may not have been general-
izable to the broader population of smokers who
did not opt in to a household survey or to res-
idents of a particular state, the CVS decision was
associated with a reduction in cigarette pur-
chasing among CVS-exclusive purchasers, and
this reduction suggests that the decision was ef-
fective in tobacco harm reduction.

Several other issues deserve mention. The
retail point-of-sale data were more general-
izable, but did not allow for the identification
of unique individuals or households and
their longitudinal cigarette purchasing pat-
terns. However, we estimated the number
of adult smokers in a state to determine the
denominator, and looked at a comprehensive
sample of retailers selling tobacco to assess
overall cigarette sales. Moreover, the Sep-
tember 4 tobacco removal date occurred a full
month before the timeline communicated to
the public, reducing the likelihood that
people switched their purchasing behaviors
right before the removal date (e.g., stock-
piling cigarette purchases from CVS or
leaving abruptly, which would have biased
the analyses).

We were unaware of any specific
tobacco-cessation efforts that occurred at
the same time, but we cannot exclude the

possibility. In a related vein, 2015 Behavioral
Risk Factor Surveillance System data were
not available, so we used 2014 data for both
2014 and 2015 smoking prevalence. To ad-
dress threats to the validity, analyses included
both historical and concurrent controls, to
take into account the underlying decline in
smoking prevalence in theUnited States,3 the
rising popularity of electronic nicotine-
delivery devices, and other trends.

Finally, we were only able to include 26
states in our analyses. Because excluded states
might differ from included states in important
factors (e.g., greater cigarette purchasingbecause
of higher nicotine consumption), we cannot
ensure the generalizability of the study to all 50
states. However, our analyses relied on IRi data,
widely regarded as among the best available,
highly accurate data to understand consumer
purchasing.20 Taken together, we are reassured
that multiple study designs, data sources, and
analytic approaches produced consistent results,
both in direction and magnitude.

Overall, our results are consistent with those
from the broader tobacco literature. Multiple
studies examining the impact of restricting to-
bacco access have observed reductions in to-
bacco use similar or greater in magnitude
to those we observed. In 2011, NewYorkCity
implemented a sales ban on flavored non-
cigarette tobacco products (e.g., cigars and
smokeless tobacco). Compared with sales in 10
proximal counties, the banwas associatedwith a
10.2% greater absolute decrease (P< .01) in
flavored noncigarette tobacco sales.21 Raising
the tobacco purchasing age from 18 to 21 years
in 1 suburban Massachusetts community was
associated with a 6 percentage point decline

in smokingprevalence (from13% in2006 to7%
in 2010) among high-school youths, compared
with a 3 percentage point decline in 16 sur-
rounding communities.8

In this study, we found that a large, na-
tionwide retailer’s decision to remove to-
bacco from its stores meaningfully reduced
household-level and population-level
cigarette purchasing and, thus, presumably,
consumption. Our findings have implications
for public health professionals seeking to
further reduce tobacco use. Currently, many
large retailers in the United States sell
cigarettes, including multiple pharmacy
chains.22,23Our research indicates that if these
retailers, particularly pharmacies, stop selling
cigarettes, there would be an overall re-
duction in tobacco consumption, and, as
a result, a substantial health benefit. The
findings from this study highlight another
strategy that can reduce tobacco use and
improve the nation’s health.
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TABLE 4—Reductions in Cigarette Pack Purchases Per Smoker After CVS Tobacco Removal: State-Level Interrupted Time Series Study,
United States

Cigarette Packs Purchased Per Smoker, Mean (95% CI)

Variable Intercept Change, Sep 2014 Long-Term Slope Change, Per Month, Sep 2014–Apr 2016 Total Reduction in the 8 Mo After CVS Tobacco Removal,a

Analysis 1b 0.52 (–0.12, 1.15) –0.14 (–0.22, –0.06) –5.31 (–8.36, –2.25)

Analysis 2c –0.19 (–1.26, 0.87) –0.15 (–0.29, –0.01) –5.27 (–10.31, –0.23)

Note. CI = confidence interval. The total reduction in states with ‡15%market share in the 8 months after CVS tobacco removal, calculated by multiplying the
–5.31 packs purchased per smoker result by the estimated number of adult smokers in all states with ‡ 15% CVS market share, in millions, was mean = –95.2
(95% CI = –38.6, –151.8).
aCalculated by using only the statistically significant, long-term slope change from months 1–8 after tobacco removal: (–0.14*1) + (–0.14*2) + (–0.14*3) +
(–0.14*4) + (–0.14*5) + (–0.14*6) + (–0.14*7) + (–0.14*8).
bStates with ‡ 15% CVS market share vs states with no CVS stores (16 states).
cPer 5% increase in CVS market share (26 states).
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from IRi. IRi reviewed the article, but CVS Health
retained full control over the study’s execution, writing
the article, and the decision to submit the article for
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HUMAN PARTICIPANT PROTECTION
All data were de-identified household panel survey data.
There were not individual participants.
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