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Objectives. Recently, New York City and New York State increased cigarette
excise taxes and New York City implemented a smoke-free workplace law. To as-
sess the impact of these policies on smoking cessation in New York City, we ex-
amined over-the-counter sales of nicotine replacement therapy (NRT) products.

Methods. Pharmacy sales data were collected in real time as part of nontraditional
surveillance activities. We used Poisson generalized estimating equations to ana-
lyze the effect of smoking-related policies on pharmacy-specific weekly sales of
nicotine patches and gum. We assessed effect modification by pharmacy location.

Results. We observed increases in NRT product sales during the weeks of the
cigarette tax increases and the smoke-free workplace law. Pharmacies in low-
income areas generally had larger and more persistent increases in response to
tax increases than those in higher-income areas.

Conclusions. Real-time monitoring of existing nontraditional surveillance data,
such as pharmacy sales of NRT products, can help assess the effects of public poli-
cies on cessation attempts. Cigarette tax increases and smoke-free workplace
regulations were associated with increased smoking cessation attempts in New
York City, particularly in low-income areas. (Am J Public Health. 2005;95:
1050–1055. doi:10.2105/AJPH.2004.048025)
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sure for cessation attempts,11 across the city
and by geographic location.

METHODS

Data on over-the-counter pharmacy sales
are collected daily for syndromic surveillance
from more than 200 store locations in New
York City, representing approximately 30% of
all pharmacies in New York City.10 For these
analyses, we examined information on the
weekly sales and product promotions of 12
over-the-counter brand-name and generic
nicotine patch and nicotine gum products
from July 29, 2001, to January 17, 2004.
Only data from the 166 pharmacies that
began contributing data by January 1, 2002,
and continued providing data through the
end of the study period are included in the
analysis.

We assessed changes in mean weekly sales
of nicotine patches and nicotine gum during
the weeks of the implementation of the state
tax increase (implemented April 3, 2002),
the city tax increase (implemented July 2,
2002), and the Smoke-Free Air Act (SFAA,

the New York City smoke-free workplace law,
enacted March 30, 2003).12 We also exam-
ined changes in sales during the week prior
to and the 4 weeks after each of these
events. We evaluated the impact of New York
City’s free patch program (April 2, 2003, to
May 14, 2003), during which almost 35000
free courses of the nicotine patch were dis-
tributed to heavy smokers, defined as those
who smoked more than 10 cigarettes per
day, living in New York City.13 Additionally,
we examined changes in sales during the
weeks encompassing New Year’s Day in
2002, 2003, and 2004; we expected to see
increases in sales during these weeks because
quitting smoking is a common New Year’s
resolution.14,15

Analyses were conducted with SAS ver-
sion 8.2 (SAS Institute Inc, Cary, NC). We
conducted a repeated-measures analysis with
Poisson generalized estimating equations
(PROC GENMOD), using weekly counts of
NRT product sales for each store.16 An ex-
changeable correlation structure was used to
account for the correlation of the response
variable, weekly counts within each store.

Legislators and public health officials in New
York City and New York state recently imple-
mented a multifaceted comprehensive to-
bacco control program, including a state cig-
arette tax increase of $0.39 per pack in
April 2002, a city tax increase of $1.42 in
July 2002, sweeping smoke-free workplace
legislation in March 2003, and a large nico-
tine patch giveaway program in April and
May 2003. Similar policies have been
shown to be effective in other jurisdictions
in decreasing the prevalence of smoking, re-
ducing tobacco use among smokers, and re-
ducing exposure to environmental tobacco
smoke.1–5 Such changes are likely to result
in a reduction in morbidity and mortality as-
sociated with cigarette smoking.3 Several
years may pass, however, before the public
health impact of these measures can be eval-
uated for policymakers and the public by
traditional surveillance methods such as
analyses of vital statistics data or resource-
intensive repeated large behavioral risk fac-
tor surveys.

The emerging field of syndromic surveil-
lance uses administrative and other routinely
collected electronic data for real-time non-
traditional public health surveillance.6,7 The
New York City Department of Health and
Mental Hygiene syndromic surveillance sys-
tem monitors multiple health indicators daily,
including emergency department visits,8 am-
bulance dispatches,9 and pharmacy sales.10

While this syndromic surveillance system
was implemented to detect abnormal
changes in these health indicators that may
signal the beginning of a disease outbreak,
the same data may also be used for the
timely surveillance of other health outcomes,
including the use of smoking cessation prod-
ucts. To assess the impact of smoking policies
on smoking cessation in New York City, we
examined temporal trends in over-the-
counter pharmacy sales of nicotine replace-
ment therapy (NRT) products, a proxy mea-
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Note. Areas located south of 59th Street in Manhattan were considered to be occupied during the day by commuters; other
areas were categorized by median income.

FIGURE 1—Categorization of New York City zip codes used to evaluate effects of tobacco
control measures on pharmacy sales of nicotine replacement therapy products by
pharmacy location.
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FIGURE 2—Mean weekly over-the-counter pharmacy sales of nicotine replacement therapy
products: New York City, July 29, 2001, to January 17, 2004.

The model controlled for temporal and sea-
sonal patterns by including terms for linear
and quadratic time trends and sine and co-
sine functions with annual periodicity. Indi-
cators for weeks that included major holi-
days, the World Trade Center attack
(September 11, 2001), and the Northeast
blackout (August 14, 2003) were included
in the model to account for store closings
and modified consumer behaviors. Using the
same methodology, we also conducted an
analysis of over-the-counter sales of anal-
gesic products, which would not be expected
to change concomitantly with these smoking-
related policies.

We also evaluated effect modification by
pharmacy location. Zip codes for areas lo-
cated south of 59th Street in Manhattan were
considered to be areas populated during the
day primarily by workers commuting from
other parts of New York City and from sur-
rounding states. Other New York City zip
codes were categorized into tertiles on the
basis of median income according to the
2000 US Census17 (Figure 1).

RESULTS

Citywide Trends
Data from 166 pharmacies were analyzed.

The median number of weeks available from
each pharmacy was 129 (range, 108–129);
the median number of days available from
each pharmacy was 897 (range, 586–903).
The number of days per week provided by
each pharmacy depended on store hours,
weather, and other events. Few data transmis-
sion problems occurred; data were reported
for 99.6% of nonholiday weekdays from all
stores.

Figure 2 shows the mean weekly sales of
nicotine patches and nicotine gum from July
29, 2001, to January 17, 2004. Unit sales
were higher for the gum than for the patches
for the entire period, with an average of 6.8
and 4.4 sales per store per week, respectively.
Disruptions in commerce attributable to the
World Trade Center attack and the Northeast
blackout were associated with decreased sales
of both products.

After controlling for long-term temporal
trends, we found significant increases in nico-
tine patch sales and significant decreases in
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TABLE 1—Risk Ratios (95% Confidence Intervals) for Increased Sales of Nicotine Patches
and Gum Before and After Implementation of Tobacco Control Measures and During the
Weeks Encompassing New Year’s Day, With Temporal and Seasonal Trends Controlled: New
York City, January 2002–January 2004

Nicotine Patches Nicotine Gum

New Year 2002 1.27 (1.18, 1.37) 0.94 (0.89, 1.00)

State cigarette tax increasea

Week –1 1.08 (0.99, 1.18) 1.00 (0.95, 1.05)

Week 0 1.27 (1.19, 1.35) 1.07 (1.02, 1.13)

Week +1 1.17 (1.09, 1.25) 1.11 (1.05, 1.17)

Week +2 1.06 (0.99, 1.15) 1.11 (1.05, 1.17)

Week +3 1.06 (1.00, 1.13) 1.05 (0.99, 1.11)

Week +4 1.09 (1.01, 1.17) 1.11 (1.05, 1.18)

City cigarette tax increaseb

Week –1 0.99 (0.92, 1.07) 1.00 (0.95, 1.06)

Week 0 1.50 (1.40, 1.61) 1.10 (1.02, 1.18)

Week +1 1.30 (1.21, 1.39) 1.08 (1.02, 1.14)

Week +2 1.28 (1.19, 1.38) 1.09 (1.03, 1.15)

Week +3 1.23 (1.14, 1.32) 1.04 (0.98, 1.11)

Week +4 1.16 (1.07, 1.27) 1.01 (0.96, 1.07)

New Year 2003 1.24 (1.16, 1.33) 0.89f (0.83, 0.94)

Smoke-Free Air Actc

Week –1 1.02 (0.95, 1.10) 0.95 (0.90, 1.00)

Week 0 1.31 (1.18, 1.45) 1.08 (1.01, 1.16)

Week +1 1.20 (1.09, 1.31) 0.91f (0.84, 0.99)

Week +2 1.17 (1.05, 1.27) 1.00 (0.93, 1.08)

Week +3 1.08 (0.97, 1.20) 0.99 (0.93, 1.07)

Week +4 1.07 (0.98, 1.17) 1.11 (1.04, 1.18)

Free patch programd 0.85f (0.80, 0.91) 1.00 (0.95, 1.04)

New Year 2004 1.18 (1.07, 1.30) 0.76 (0.69, 0.83)

Note. A week is considered Sunday through Saturday. Thus, week 0 (the week of the event) for New Year 2002 was December
30, 2001, through January 5, 2002; week 0 for the state tax increase was March 31 through April 6, 2002; and so forth.
aImplemented April 3, 2002.
bImplemented July 2, 2002.
cImplemented March 30, 2003; enforcement began on April 27, 2003, in week +4.
dApril 2, 2003, through May 14, 2003.

nicotine gum sales during the weeks encom-
passing New Year’s Day in 2002, 2003, and
2004). We found a 27% increase in nicotine
patch sales during the week of the state tax
increase and a 50% increase during the
week of the city tax increase (risk ratios ×100
indicate percentage increaes) (Table 1).
These percentages gradually declined over
the ensuing weeks. Sales of nicotine gum in-
creased by 7% and 10% following the rise in
state and city cigarette taxes, respectively, but
these increases generally did not persist for a
period as long as the increases in nicotine
patch sales.

The week of the implementation of the
SFAA was associated with a 31% increase
in nicotine patch sales and an 8% increase in
nicotine gum sales, even though the free
patch program began the same week
(Table 1). Sales of the patch, but not the
gum, declined during the subsequent weeks,
corresponding with the duration of the
6 week free patch program. Gum sales
increased by 11% during the fourth week
after the SFAA was enacted, coinciding with
the beginning of the act’s enforcement.

We did not find a similar pattern of excess
sales of analgesics during the weeks of inter-

est. The magnitudes of the estimated risk ra-
tios for sales of analgesics were lower than
those for the nicotine patch and gum, typi-
cally null or close to null (data not shown).

Geographic Analysis
Pharmacies located in Manhattan south of

59th Street accounted for 44% of all sales,
and they had higher mean weekly sales of
nicotine patches and nicotine gum than phar-
macies in the rest of New York City. Pharma-
cies located in areas with the highest median
incomes also had higher per-store sales of
NRT products than those located in less afflu-
ent areas (data not shown).

Although nicotine patch sales increased in
all areas following the state and city tax in-
creases, stronger and more persistent in-
creases were seen in the lowest-income areas
than in higher-income areas (Table 2). The
week prior to the implementation of the state
tax increase was also associated with in-
creases in sales in low- and medium-income
areas. After the state and city tax increases,
more persistent increases in nicotine gum
sales were seen at pharmacies located south
of 59th Street and those located in less afflu-
ent areas (Table 2). At pharmacies located in
the high- and medium-income areas, nicotine
gum sales increased only during the week of
the city tax increase.

DISCUSSION

Over-the-counter pharmacy sales data can
be used to provide rapid validation of the effi-
cacy of tobacco control policies. We found in-
creases in nicotine patch and gum sales fol-
lowing implementation of 3 important
smoking-related policies in New York City and
New York State. The increases in sales of
NRT products after the city and state tax in-
creases were larger and more persistent in
pharmacies in lower-income areas compared
to those in higher-income areas.

These results are consistent with research
indicating that increased taxation and
smoke-free legislation are associated with
increases in smoking cessation behaviors.
Increased smoking cessation has also been
observed in other areas with local public
health ordinances that restrict worksite
smoking.3,18,19 Furthermore, econometric
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TABLE 2—Risk Ratios (95% Confidence Intervals) for Increased Sales of Nicotine Patches
and Gum Before and After Implementation of State and City Cigarette Tax Increases, by
Pharmacy Location, With Temporal and Seasonal Trends Controlled: New York City, January
2002–January 2004

Pharmacy Locationa

Commuter Area Low-Income Areas Medium-Income Areas High-Income Areas
(n = 73) (n = 33) (n = 28) (n = 32)

Nicotine patch

State cigarette tax increaseb

Week –1 1.01 (0.90, 1.13) 1.30c (1.10, 1.54) 1.29c (1.09, 1.53) 1.00 (0.77, 1.31)

Week 0 1.29c (1.19, 1.39) 1.24c (1.04, 1.48) 1.15 (0.96, 1.38) 1.25c (1.02, 1.53)

Week +1 1.07 (0.97, 1.16) 1.38c (1.16, 1.64) 1.35c (1.16, 1.58) 1.19 (1.00, 1.42)

Week +2 1.06 (0.97, 1.17) 1.12 (0.96, 1.32) 0.95 (0.77, 1.17) 1.09 (0.92, 1.29)

Week +3 1.06 (0.96, 1.16) 1.05 (0.90, 1.23) 1.01 (0.87, 1.18) 1.10 (0.97, 1.25)

Week +4 1.09c (1.01, 1.19) 1.15 (0.95, 1.39) 1.11 (0.82, 1.50) 1.03 (0.88, 1.21)

City cigarette tax increased

Week –1 0.99 (0.89, 1.10) 0.90 (0.75, 1.08) 1.16 (0.95, 1.41) 1.01 (0.87, 1.19)

Week 0 1.43c (1.29, 1.58) 1.61c (1.42, 1.83) 1.78c (1.53, 2.08) 1.57c (1.38, 1.79)

Week +1 1.31c (1.19, 1.44) 1.69c (1.45, 1.97) 1.22c (1.05, 1.43) 1.16 (0.97, 1.38)

Week +2 1.29c (1.18, 1.41) 1.45c (1.24, 1.71) 1.10 (0.91, 1.33) 1.34c (1.05, 1.69)

Week +3 1.20c (1.08, 1.33) 1.39c (1.16, 1.66) 1.13 (0.97, 1.31) 1.35c (1.12, 1.63)

Week +4 1.15c (1.03, 1.29) 1.20c (1.02, 1.42) 1.24c (1.05, 1.46) 1.19 (0.92, 1.54)

Nicotine gum

State cigarette tax increaseb

Week –1 1.01 (0.95, 1.07) 1.37c (1.17, 1.62) 0.95 (0.80, 1.14) 0.92 (0.74, 1.14)

Week 0 1.10c (1.03, 1.16) 1.14 (0.87, 1.51) 1.10 (0.92, 1.31) 0.99 (0.84, 1.17)

Week +1 1.12c (1.06, 1.20) 1.17 (0.87, 1.56) 1.07 (0.88, 1.31) 1.10 (0.94, 1.27)

Week +2 1.11c (1.04, 1.19) 1.25c (1.04, 1.50) 1.06 (0.93, 1.20) 1.12 (0.98, 1.28)

Week +3 1.09c (1.02, 1.15) 0.86 (0.68, 1.09) 1.08 (0.87, 1.34) 0.95 (0.79, 1.14)

Week +4 1.14c (1.07, 1.22) 1.25 (0.88, 1.78) 0.95 (0.79, 1.14) 1.06 (0.91, 1.24)

City cigarette tax increasec

Week –1 1.00 (0.94, 1.08) 1.06 (0.79, 1.43) 1.08 (0.95, 1.22) 0.91 (0.77, 1.07)

Week 0 0.97 (0.89, 1.06) 1.59c (1.24, 2.05) 1.39c (1.11, 1.73) 1.25c (1.09, 1.43)

Week +1 1.07c (1.00, 1.14) 1.44c (1.18, 1.75) 1.11 (0.92, 1.33) 0.97 (0.82, 1.15)

Week +2 1.13c (1.08, 1.20) 1.00 (0.77, 1.30) 0.97 (0.83, 1.13) 0.96 (0.76, 1.20)

Week +3 1.06 (0.99, 1.13) 1.34c (1.06, 1.71) 1.02 (0.85, 1.22) 0.89 (0.71, 1.11)

Week +4 1.00 (0.93, 1.08) 1.51c (1.27, 1.79) 1.04 (0.90, 1.20) 0.90 (0.76, 1.07)

Note. A week was Sunday through Saturday; thus, week 0 (the week of the event) for the state tax increase was March 31
through April 6, 2002, and so forth.
aData for the analysis came from 166 pharmacies. Zip code areas located south of 59th Street in Manhattan were
considered an area populated during the day by commuters; other zip codes were categorized by median annual income
(low = less than $37 812, medium = $37 812–$55 413, High = more than $55 413).
bImplemented April 3, 2002.
cImplemented July 2, 2002.

analyses have shown that as the real price
of cigarettes increases, the demand for ciga-
rettes decreases and the demand for NRT
products increases.3,20 Smokers with lower
incomes are also more likely to reduce or
quit smoking in response to a cigarette

price increase.21 A large community health
survey among New York City adults indi-
cated that 15.8% of smokers quit or tried
to quit in response to the city tax increase,
while 4.2% quit or tried to quit in response
to the SFAA.22

NRT product sales may be a reasonable
proxy measure for smoking cessation at-
tempts. Aggregate national retail sales of over-
the-counter NRT products were previously
found to have increased by 11% during the 4
weeks of the Great American Smokeout in
1996.11 Additionally, we observed increases
in nicotine patch sales coincident with 3 con-
secutive New Year’s holidays, an observation
compatible with previous evidence for in-
creased smoking cessation associated with
New Year’s resolutions.14,15 Because an esti-
mated 60% of NRT purchases represent new
smoking cessation attempts,23 our finding of
increased NRT product sales coincident with
the tax increases and the SFAA suggest that
cessation attempts also increased in response
to these measures.

The patterns of the increases in nicotine
patch sales differed from those for nicotine
gum; increases in patch sales were 4 times as
high and more persistent during the weeks of
the tax increases and the week of the SFAA.
Some research suggests that the nicotine
patch is preferred to nicotine gum as an aid
to smoking cessation, particularly among
smokers who have previously tried to quit
using nicotine gum.24 Sales of nicotine gum
actually decreased during New Year’s holi-
days, while patch sales increased significantly,
suggesting that, in New York City, the nicotine
patch may be the preferred product for quit-
ting smoking. Interestingly, nicotine gum sales
increased more in the commuter and low-
income areas of the city following tax in-
creases than in medium- and high-income
areas, suggesting that nicotine gum may be
used as a price-sensitive alternative to ciga-
rettes for some individuals.

The data used in this analysis came from
approximately 30% of the pharmacies in
New York City.10 Most of these pharmacies
were in Manhattan, with fewer stores in the
other 4 boroughs. We have no evidence that
these pharmacies differ systematically from
other pharmacies in the city in terms of pur-
chasing patterns or consumer behaviors, par-
ticularly in relation to the temporal trends we
observed. Thus, the assumption that these re-
sults are generalizable to all pharmacies city-
wide is not unreasonable.

Even after controlling for seasonal and
other temporal factors (including holidays),
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we found that the weekly variability in NRT
sales was high, possibly owing to other pat-
terns in consumer behaviors that we were
not able to account for in the model. Despite
this variability, we were able to see strong as-
sociations between NRT sales and times
when smoking cessation would be expected
to increase.

We extrapolated the results of this study to
quantify, approximately, the number of city-
wide smoking cessation attempts associated
with the tobacco control policies, a method
previously used to estimate citywide burden
of illness on the basis of emergency depart-
ment visits.25 Although these estimates rely
on a number of assumptions—particularly,
that there is no bias in our results, that the re-
sults are generalizable to pharmacies city-
wide, that NRT purchases are representative
of NRT-assisted cessation attempts, and that
NRT-assisted cessation attempts are represen-
tative of all quit attempts—they provide us
with some approximation of the effect of
these policies on smoking cessation attempts
in New York City.

For the city tax increase, we first calculated
the number of excess sales of nicotine patches
and nicotine gum by applying the percentage
increase obtained from modeling for the
week of and 4 weeks after the increase
(Table 1) to the average weekly sales of each
product. An average of 730 nicotine patch
products (166 stores×4.4 patch sales per
week per store) and 1129 nicotine gum prod-
ucts (166×6.8 gum sales per week per store)
were sold each week. For these 5 weeks, we
estimated an excess of 1073 sales of the nico-
tine patch [730× (0.50+0.30+0.28+0.23+
0.16)] and an excess of 361 sales of nicotine
gum [1129× (0.10+0.08+0.09+0.04+
0.01]. Because the pharmacies from which
we obtained data constitute approximately
30% of pharmacies in New York City,10 we
calculated that there were 4780 excess sales
of the nicotine patch and nicotine gum city-
wide [(1073+361)/0.30]. Assuming that
60% of purchases were the initial purchase
of a cessation aid,23 we estimated that 2868
nicotine patch and gum products were pur-
chased for new cessation attempts (4780×
0.60). Finally, because a 2002 survey of
New York City adults found that 19% of
smokers who attempted to quit used NRT

products,26 we estimated that 15094 smok-
ing cessation attempts (2868/0.19) were
associated with the city tax increase in the
short term. Using similar calculations, we
estimated that 10337 smoking cessation
attempts were associated with the state tax
increase and 8621 attempts were associated
with the SFAA. Finally, sales of nicotine
patches only declined by an estimated 3067
units during the 6-week free patch program,
suggesting that the majority of the 35000
free courses of therapy distributed during the
program represented additional quit attempts
by individuals who would not have otherwise
tried to quit smoking.

Increases in cigarette excise taxes and im-
plementation of smoke-free workplace legisla-
tion can be expected to encourage cessation,
decrease smoking prevalence, and, in the
longer term, reduce smoking-related morbid-
ity and mortality. Electronic retail data can be
used to help understand smoking cessation
behaviors, target cessation activities, and pro-
vide a rapid assessment of tobacco control
initiatives. Routinely collected electronic data
that are gathered for syndromic surveillance
may also prove useful in other public health
priority areas.
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