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ABSTRACT
Objective San Francisco’s comprehensive restriction on 
flavoured tobacco sales applies to all flavours (including 
menthol), all products and all retailers (without 
exemptions). This study evaluates associations of policy 
implementation with changes in tobacco sales in San 
Francisco and in two California cities without any sales 
restriction.
Methods Using weekly retail sales data (July 2015 
through December 2019), we computed sales volume 
in equivalent units within product categories and the 
proportion of flavoured tobacco. An interrupted time 
series analysis estimated within- city changes associated 
with the policy’s effective and enforcement dates, 
separately by product category for San Francisco and 
comparison cities, San Jose and San Diego.
Results Predicted average weekly flavoured tobacco 
sales decreased by 96% from before the policy to after 
enforcement (p<0.05), and to very low levels across all 
products, including cigars with concept- flavour names 
(eg, Jazz). Average weekly flavoured tobacco sales did 
not change in San Jose and decreased by 10% in San 
Diego (p<0.05). Total tobacco sales decreased by 25% 
in San Francisco, 8% in San Jose and 17% in San Diego 
(each, p<0.05).
Conclusions San Francisco’s comprehensive restriction 
virtually eliminated flavoured tobacco sales and 
decreased total tobacco sales in mainstream retailers. 
Unlike other US flavoured tobacco policy evaluations, 
there was no evidence of substitution to concept–flavour 
named products. Results may be attributed to San 
Francisco Department of Health’s self- education 
and rigorous retailer education, as well as the law’s 
rebuttable presumption of a product as flavoured based 
on manufacturer communication.

INTRODUCTION
Flavoured tobacco product availability is related 
to youth and young adult initiation, experimenta-
tion and regular use of tobacco.1 Among California 
high school students who are current tobacco 
users, 86.4% of them use flavoured products.2 
In addition, almost half of California high school 
students believed that people their age would not 
use tobacco products if they were unflavoured.2 
Several recent studies demonstrate youth prefer-
ence for flavoured tobacco products,3 4 and show 
that flavoured tobacco products are often perceived 
as less harmful than unflavoured tobacco products.1

The 2009 US Family Smoking Prevention and 
Tobacco Control Act gave states and localities the 
ability to restrict sales of menthol cigarettes and all 
flavoured non- cigarette tobacco products (including 
menthol). As of September 2020, 322 localities in 
the US passed restrictions on the sale of flavoured 
tobacco products, although approximately two- 
thirds of these local laws exclude menthol.5 The 
association between implementation of local sales 
restrictions and changes in flavoured product sales 
has been documented in some jurisdictions.6–8 
However, these studies suggest that policy effects 
on sales were blunted by industry counteractions, 
such as the marketing of concept- named flavoured 
products, (eg, ‘Jazz’ or ‘Wild Rush’),8 which have 
proliferated over the past decade and raise chal-
lenges for enforcing local sales restrictions.9

In June 2017, the San Francisco (henceforth, 
‘SF’) City Council passed a flavoured tobacco sales 
restriction that applied to all flavours (including 
menthol), all products and all retailers. It was the 
first comprehensive policy in a major California 
city. Although a small number of California coun-
ties and municipalities implemented local flavoured 
tobacco sales restrictions as early as 2014, few 
included menthol products at the time of the SF 
law, with others following the SF example, more 
recently.5 Although the tobacco industry gathered 
enough signatures to force a public referendum, SF 
voters upheld the law on 5 June 2018.10 On 21 July 
2018, the City/County of SF enacted an amend-
ment to their Health Code under Proposition E, 
Article 19Q. The law affects all brick- and- mortar 
retailers and online sales to SF addresses and does 
not criminalise the use of flavoured tobacco by indi-
viduals. California recently became the second state 
to prohibit the sale of flavoured tobacco (including 
menthol), with exemptions for hookah, large cigars 
and pipe tobacco in age- restricted venues. However, 
challenges from the tobacco industry have delayed 
implementation pending a voter referendum.11

The implementation of the SF law was spear-
headed by the SF Department of Public Health 
(SFDPH). In addition, enforcement also resides 
with SFDPH, not with the local police department. 
SFDPH conducted merchant education activities 
between September 2018 and January 2019 and 
conducted penalty- free compliance inspections 
of tobacco retailers between November 2018 
and March 2019. Although SFDPH publicised 
that enforcement would begin in January 2019, 
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compliance inspections with penalties did not commence until 
April 2019.12 To date, two evaluations of the SF ordinance docu-
mented high compliance in a census of retailer inspections,12 and 
retrospective reports of decreased use of flavoured non- cigarette 
tobacco products among consumers living or working in SF.13

The current evaluation is the first to study changes in tobacco 
retail sales associated with the implementation of a comprehen-
sive local policy that applies to all flavours (including menthol), 
all products and all retailers without exemption. The primary aim 
was to evaluate the degree to which SF’s comprehensive policy 
achieved its stated purpose: to eliminate flavoured tobacco sales. 
Similar to other evaluations of local flavour restrictions,6–8 we 
measured changes in tobacco product sales with proprietary data 
collected at the point of sale. Using a single- group interrupted 
time- series design,14 we assessed the association between SF 
policy implementation and changes in retail sales of flavoured 
tobacco products in SF (population 864 263). We also assessed 
changes in sales in two comparison cities, San Jose (SJ, popu-
lation 1 023 031) and San Diego (SD, population 1 390 966). 
Neither comparison city restricts sales of flavoured tobacco, and 
both cities share California’s tobacco control history and state-
wide policy environment with SF.15 Additionally, SJ is 50 miles 
from SF, and the largest city in the Bay Area media market, where 
advertisements for and against the ballot referendum in SF could 
have influenced tobacco sales in SJ. SD (500 miles from SF) was 
selected as a distal comparison city, sharing with SF the influence 
of a statewide media campaign about flavoured tobacco, but had 
no sales restrictions in the city or nearby.

We hypothesised that implementation of the SF policy would 
be associated with declines in flavoured tobacco product sales in 
SF (consistent with the intent of the local law), while comparable 
changes would not be seen in the comparison cities. Changes 
in tobacco sales in these two comparison cities contextualise 
whether changes in tobacco sales in SF are associated with 
SF policy implementation or other non- policy related factors 
shared with the comparison cities. Secondarily, we aimed to 
assess changes in sales by tobacco product and flavour catego-
ries in SF and comparison cities that could indicate unintended 
consequences of the SF policy implementation, such as increased 
sales of non- restricted flavours.

METHODS
Study design
We used an interrupted time- series design to observe and esti-
mate changes in tobacco retail scanner sales data by tobacco 
product and flavour category in SF and two comparison cities (SJ 
and SD), before and after the implementation periods of the SF 
policy. Weekly sales data facilitated the investigation of changes 
in sales from the pre- policy period to the policy effective period 
and from the policy effective period to the enforcement period.

Data source
We licensed weekly tobacco sales data from The Nielsen 
Company (‘Nielsen’) for SF, SJ and SD to assess retail sales 
from 1 week ending 27 June 2015 through 1 week ending 28 
December 2019. Nielsen used reported sales from a constant 
panel of retailers to project sales for all similar stores for each 
city over the study period. Data were assessed for cigarettes, 
cigars, smokeless tobacco (SLT), electronic nicotine delivery 
systems (ENDS) and roll- your- own (RYO)/pipe tobacco. Sales 
were estimated from point- of- sale scanner data obtained from 
the combined store types: food, drug, mass merchandiser (eg, 
Walmart); warehouse (eg, Sam’s Club); and convenience stores. 

The data set provides information on weekly unit sales of tobacco 
products in advance of and following the enactment (ie, effective 
date) and enforcement periods of the SF flavoured tobacco sales 
restriction.

Analysis
Using established methods,7–9 we coded the data to identify and 
categorise tobacco product subtypes from the main tobacco 
product categories. SLT subtypes included moist snuff, chewing 
tobacco, snus, dry snuff and other. Cigar subtypes included 
large cigars, cigarillos and little cigars. ENDS subtypes included 
disposable systems, rechargeable systems, prefilled cartridges, 
e- liquid bottles and accessories. Finally, RYO/pipe tobacco 
subtypes included RYO tobacco, pipe tobacco and shisha. We 
created standardised units by product subtype and then aggre-
gated back to the main product level to measure changes in 
volume by the quantity in which products are most frequently 
purchased (eg, cigarillos are most frequently purchased as a 
single pack of two sticks). Based on these data, standardised unit 
sales for cigarettes are equivalent to one pack of 20 sticks and 
for cigars, are equivalent to either one large cigar, two cigarillos 
or 12 little cigars. For smokeless tobacco, a standard unit equals 
either 1.2 ounces or 1 count of loose moist snuff, 0.82 ounces or 
5 count of pouched moist snuff, 3 ounces or 1 count of chewing 
tobacco, 0.53 ounces or 1 count of snus or 0.21 ounces or 20 
count of other (which includes nicotine pouches, dissolvables 
and dry snuff). For ENDS, a standard unit equals either a 2 
count or 2.99 mL of prefilled cartridges, 1 count or 14.99 mL 
of e- liquid bottles or one disposable device. Raw units were used 
for assessing sales of ENDS rechargeable systems and accessories 
due to varying numbers of components included. For RYO/pipe 
tobacco, a standard unit equals either 0.65 ounces or one count 
of RYO/pipe tobacco or 8.8 ounces of shisha tobacco. Total 
tobacco sales include the combined standardised units of ciga-
rettes, cigars, SLT, ENDS and RYO/pipe tobacco. On average, 
sales of RYO/pipe tobacco made up 0.25% of total tobacco sales 
in SF over the study period and are only reported in the total 
tobacco sales outcomes.

Using Nielsen’s provided flavour descriptor, which is based 
on product packaging text, we categorised flavours as either 
tobacco/unflavoured, menthol/mint, other explicit flavour (eg, 
cherry, rum) or concept- named flavour (taste or aroma are 
unknown based on the flavour description) (eg, magic puff). We 
analysed sales by flavour category, categorising sales as either 
flavoured (menthol/mint, explicit, concept) or unflavoured 
(tobacco/unflavoured). This aligns with the SF law that prohibits 
the sale of tobacco with constituents that impart a characterising 
flavour, defined as one that includes tastes or aromas related to 
fruit, chocolate, vanilla, honey, candy, cocoa, dessert, alcoholic 
beverage, menthol, mint, wintergreen, herb or spice.16

We graphed trends in sales by tobacco product and flavour 
category for SF and comparison cities. We used single- group 
interrupted time series analysis (ITSA) models to estimate within- 
city changes associated with both the effective and enforcement 
dates of the SF flavour tobacco restriction for each outcome and 
each city separately. These models estimate a regression line for 
each period (pre- policy, between the effective and enforcement 
dates and after the enforcement date). The week ending 21 July 
2018 was used as the policy effective interruption period, and 
the week ending 5 January 2019 was used as the policy enforce-
ment interruption period. The parameters of the regressions 
indicate the shift in the level of sales at each policy date as well as 
the change in slope of the regression lines from period to period. 
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Models assessed weekly sales over the pre- policy period (week 
ending 27 June 2015 to week ending 14 July 2018), the effective 
period (week ending 21 July 2018 to week ending 29 December 
2018) and the enforcement period (week ending 5 January 
2019 to week ending 28 December 2019). We used Stata’s ITSA 
command for regression analysis to estimate the effect of policy 
implementation on the weekly time- series of various outcome 
measures (eg, standardised unit sales of menthol cigarettes) for 
each study city.14 All models controlled for autocorrelation and 
heteroscedasticity. Additional control variables in the regression 
models were quarterly indicators for seasonality and an indi-
cator for the US$2 increase in California’s cigarette excise tax 
on 1 April 2017.17 18 Our regression model is specified in online 
supplemental tables 1 and 2.

Using the regression estimates, we predicted average weekly 
sales for each study city and each outcome for the pre- policy 
period, the effective period and the enforcement period. We 
used Stata ‘margins’ to estimate predicted average weekly sales 
and Stata ‘margins contrasts’ to test the differences in average 
weekly sales across the pre- policy, effective and enforcement 
periods. All analyses were conducted using Stata V.16.19

RESULTS
Descriptive results
Sales of flavoured tobacco in SF decreased following the effec-
tive date and then decreased again, to near zero units per week, 
following the enforcement date (figure 1). While flavoured cigar 
and flavoured ENDS sales were initially increasing, by the end of 
the study period weekly sales of all flavoured tobacco products 
in SF were near zero units. Flavoured tobacco sales in SJ and SD 
remained relatively stable, aside from a decrease in cigarette sales 
occurring around the effective date of the statewide cigarette tax 
increase and an increase in flavoured ENDS sales through 2018 
and 2019. Online supplemental figures 1‒3 show trends in unit 
sales by flavour category for cigarettes, cigars, SLT and ENDS in 
SF, SJ and SD, respectively. These trends illustrate the variability 
by product type and flavour over the study period.

Total tobacco sales in SF were approximately 106 000 units 
per week during 2015 and 2016, increased from mid- 2017 
to mid- 2018 in line with increased cigar and ENDS sales, and 
rapidly decreased in the weeks leading up to the enforcement 
date of the policy, remaining at a new lower level through 2019 
of approximately 85 000 units per week (figure 2). Total ciga-
rette sales steadily trended downward following the effective 
date, and cigar, SLT and ENDS unit sales decreased between 
the effective and enforcement dates and then levelled out. In SJ, 
total tobacco sales were relatively stable throughout the study 
period, with decreased sales of cigarettes but increased sales of 
cigars and ENDS. Total tobacco sales in SD trended downward 
throughout the study period, driven by decreased cigarette sales; 
cigar and SLT sales remained relatively constant while ENDS 
sales increased.

Regression results
Flavoured tobacco sales
The estimated level of flavoured tobacco unit sales in SF did 
not significantly change in the week that the flavour restriction 
went into effect (July 2018), while the effective period trend 
(July–December 2018) resulted in 1546 fewer flavoured tobacco 
units sold per week, on average, relative to the pre- policy 
trend (p<0.05) (online supplemental table 1). In the week that 
enforcement began (week ending 5 January 2019), the level of 
flavoured tobacco sales decreased by 15 838 units (p<0.05), 

while the post- enforcement trend became flat (ie, it was not 
significantly different from zero). Table 1 summarises the regres-
sion results using predicted average weekly flavoured unit sales 
for SF and each comparison city, by the pre- policy period (July 
2015–July 2018), the effective period (July–December 2018) and 
the enforcement period (January–December 2019). Predicted 
average weekly flavoured tobacco sales in SF decreased 96% 
from 39 350 units sold per week in the pre- policy period to 
1546 units sold per week in the enforcement period (p<0.05). 
Meanwhile, average weekly flavoured tobacco sales did not 
significantly change in SJ and decreased 10% in SD (75 017 units 
to 67 202 units) (p<0.05) over the same period.

For menthol cigarettes, predicted average weekly sales in SF 
decreased 96% between the pre- policy and enforcement periods 
(p<0.05) (table 1). Predicted average weekly sales of menthol 
cigarettes also decreased in the comparison cities (11% in SJ and 
20% in SD; each p<0.05), but remained at levels substantially 
higher than in SF. For flavoured cigars, predicted average weekly 
sales decreased 96% in SF (p<0.05), did not significantly change 
in SJ and decreased 13% in SD (p<0.05). For flavoured SLT, 
predicted average weekly sales from the pre- policy period to the 
enforcement period decreased 97% in SF, 3% in SJ and increased 
3% in SD (each, p<0.05). For flavoured ENDS in SF, predicted 
average weekly sales increased in the effective period before 
decreasing in the enforcement period, while sales in SJ and SD 

Figure 1 Flavoured tobacco standardised unit sales (weekly 4- week 
moving averages), San Francisco, San Jose and San Diego, July 2015–
December 2019. Note: Weekly values shown represent the 4- week 
moving average (eg, the units for the week ending 28 December 2019 
are the average weekly units of this week and the three prior weeks). 
CA, California; ENDS, electronic nicotine delivery systems; SLT, smokeless 
tobacco.
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increased consistently over the study period. From pre- policy to 
enforcement, predicted average weekly flavoured ENDS sales 
in SF decreased 100%, while sales in SJ and SD significantly 
increased by 195% and 118%, respectively (each, p<0.05).

Total tobacco sales
The change in the trend of total unit sales for tobacco in SF 
during the effective period relative to the pre- policy period 
resulted in 1355 fewer units sold per week, on average (p<0.05). 
The change in trend during the enforcement period relative to 
the effective period resulted in an additional 1019 units sold per 
week (p<0.05). These significant changes in trend resulted in a 
post- enforcement trend of -162 tobacco units sold per week, on 
average (p<0.05) (online supplemental table 2).

Table 2 summarises the predicted average weekly total unit 
sales for each study period by product category. Predicted average 
weekly total tobacco sales in SF decreased 25% from pre- policy 
to enforcement (p<0.05), and by 8% and 17% in SJ and SD, 
respectively (each, p<0.05). Predicted average weekly sales in SF 
from pre- policy to enforcement were significantly lower across 
all tobacco products except ENDS. In SF, total cigarette sales 
decreased by 23%, total cigar sales decreased by 51% and total 
SLT sales decreased by 37% (each, p<0.05). Decreases in total 
tobacco sales were predicted in SJ and SD also, but not by the 
same magnitude as in SF. Predicted average weekly ENDS sales 

were 44% higher in SF during the enforcement period compared 
with the pre- policy period and were 171% higher in SJ and 98% 
higher in SD (each, p<0.05).

From the pre- policy period to the enforcement period, 
the proportion of sales for tobacco- flavoured products in SF 
increased 32.8% points from 65.4% to 98.2% of total tobacco 
sales, while the proportion of tobacco- flavoured sales decreased 
in SJ and SD (each, p<0.05) (figure 3). The proportion of 
explicit and menthol/mint sales significantly decreased in SF 
(6.9%–0.3% and 26.5%–1.1%, respectively) but significantly 
increased in SJ and SD (each, p<0.05). The proportion of 
concept- named flavour product sales decreased for SF and SJ 
from the pre- policy to enforcement periods (each, p<0.05) and 
was unchanged for SD.

DISCUSSION
This study measured changes in tobacco sales with respect to 
implementation of SF’s comprehensive flavoured tobacco 
sales restriction. Results revealed that sales of tobacco prod-
ucts declined in ways that were intended by the local law and 
were not comparable to estimated changes in comparison cities 
without local sales restrictions. Sales of all flavoured tobacco 
products, including menthol, decreased by 96% in SF from the 
period before to the period after implementation of the flavoured 
tobacco policy, from 34.5% of total tobacco product sales to less 
than 2% over a 7- month period. Although flavoured tobacco 
sales, except ENDS (and SLT in SD), decreased in comparison 
cities, the decline was not as dramatic and did not reach the very 
low levels seen in SF. A decrease in total flavoured sales in SD 
was relatively small and driven by the decrease in menthol ciga-
rette sales in that city. Increased sales of flavoured ENDS in SJ 
and SD parallel national trends during the study period20 21 while 
implementation of the comprehensive sales restriction might 
have suppressed this secular trend in SF.

A reduction in total tobacco sales in SF suggests there was not 
a one- to- one substitution of tobacco/unflavoured products for 
flavoured products. Although flavoured tobacco sales decreased 
during the effective period, flavoured product sales in SF did not 
reach or remain at very low levels until after the enforcement 
period began. These findings are consistent with data showing 
that SF retailer compliance with the policy increased from 17% 
in December 2018 to an average of 80% throughout 2019, when 
enforcement was in effect.12 Unlike the findings from other eval-
uations of flavoured tobacco sales restrictions,7 8 22 SF sales of 
concept- named flavoured tobacco products, such as Jazz ciga-
rillos, also declined substantially following implementation, as 
intended by the law. The reduction in flavoured tobacco sales, 
including among concept- named flavours, could be attributed to 
efforts by the SFDPH and affiliated volunteers to educate them-
selves about ambiguously named products and conduct rigorous 
retailer education prior to enforcement,12 and an ordinance 
provision that states, ‘There shall be a rebuttable presumption 
that a Tobacco Product […] is a Flavoured Tobacco Product if a 
Manufacturer or any of the Manufacturer’s agents or employees 
[…] has made a statement or claim directed to consumers or to 
the public that the Tobacco Product has or produces a Charac-
terizing Flavour, including, but not limited to, text, color, and/
or images on the product’s Labeling or Packaging that are used 
to explicitly or implicitly communicate that the Tobacco Product 
has a Characterizing Flavour’.16 Future research could disen-
tangle the relationship between retailer education, compliance 
and sales, including any specific effect of locus of enforcement 
authority (eg, efficiencies with SFDPH leading implementation 

Figure 2 Total tobacco standardised unit sales (weekly 4- week 
moving averages), San Francisco, San Jose and San Diego, July 2015–
December 2019. Note: Weekly values shown represent the 4- week 
moving average (eg, the units for the week ending 28 December 2019 
are the average weekly units of this week and the three prior weeks). 
CA, California; ENDS, electronic nicotine delivery systems; SLT, smokeless 
tobacco.
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and enforcement efforts, rather than a traditional law enforce-
ment agency). These results indicate that local public health 
departments can successfully enforce flavoured tobacco sales 
restriction and may be well- positioned to do so with an emphasis 
on retailer education.12 23

The current study suggests that a comprehensive local law can 
have the intended effect of nearly eliminating flavoured tobacco 
product sales in the jurisdiction. However, the downstream 
impact of the SF policy on consumer behaviour (eg, prevalence 
of use, quitting, product substitution, cross- border purchasing) 

Table 1 Predicted* estimates of average weekly flavoured tobacco standardised unit sales, San Francisco and comparison cities, July 2015–
December 2019

Product Study city

Average weekly flavoured unit sales

Per cent change in average weekly 
sales pre- policy period compared with 
enforcement period

Pre- policy period
July 2015–July 2018
(160 weeks)

Effective period
July–December 2018
(24 weeks)

Enforcement period
January–December 2019
(52 weeks)

All flavoured tobacco 
products†

San Francisco 39 350 34 960 1546 −96

San Jose 68 859 72 594 68 244 −1

San Diego 75 017 74 153 67 202 −10

Menthol cigarettes‡ San Francisco 21 634 15 984 860 −96

San Jose 42 264 40 593 37 779 −11

San Diego 46 264 41 506 36 854 −20

Flavoured cigars San Francisco 7806 7536 332 −96

San Jose 16 444 19 854 16 762 2

San Diego 14 759 15 870 12 896 −13

Flavoured SLT San Francisco 6469 5345 168 −97

San Jose 8179 7689 7938 −3

San Diego 11 309 11 005 11 649 3

Flavoured ENDS San Francisco 3439 5906 16 −100

San Jose 1932 4405 5706 195

San Diego 2610 5692 5701 118

Bold values indicate significance (p<0.05). Stata ‘margins’ were used to estimate the predicted values and ‘contrasts’ were used to test for differences in predicted values.
Models controlled for the US$2 increase in the California cigarette excise tax (April 2017) and for seasonality in all models except ENDS.
*Full regression results for each of these outcomes and study cities are available in online supplemental table 1.
†‘Flavoured’ includes menthol products.
‡Menthol flavours are the only legal flavours for cigarettes in the USA.
ENDS, electronic nicotine delivery systems; SLT, smokeless tobacco.

Table 2 Predicted* estimates of average weekly total tobacco standardised unit sales, San Francisco and comparison cities, July 2015–December 
2019

Product Study city

Average weekly total tobacco unit sales

Per cent change in average weekly 
sales pre- policy period compared 
with enforcement period

Pre- policy period
July 2015–July 2018
(160 weeks)

Effective period
July–December 2018
(24 weeks)

Enforcement period
January–December 2019
(52 weeks)

Total tobacco San Francisco 113 191 112 657 84 970 −25

San Jose 202 071 198 894 185 679 −8

San Diego 206 382 189 108 170 764 −17

Total cigarettes San Francisco 83 424 77 370 64 220 −23

San Jose 154 268 143 858 133 809 −13

San Diego 158 081 138 299 122 731 −22

Total cigars San Francisco 15 496 16 488 7665 −51

San Jose 32 676 38 226 33 142 1

San Diego 28 404 28 229 24 720 −13

Total SLT San Francisco 9435 9367 5913 −37

San Jose 12 049 10 967 10 816 −10

San Diego 15 402 14 619 14 852 −4

Total ENDS San Francisco 4690 8969 6772 44

San Jose 2863 5641 7756 171

San Diego 4085 7552 8084 98

Bold values indicate significance (p<0.05). Stata ‘margins’ were used to estimate the predicted values and ‘contrasts’ were used to test for differences in predicted values.
Models controlled for the US$2 increase in the California cigarette excise tax (April 2017) and for seasonality in all models except ENDS.
*Full regression results for each of these outcomes and study cities are available in online supplemental table 2.
ENDS, electronic nicotine delivery systems; SLT, smokeless tobacco.
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warrants additional investigation. In a retrospective study 
of a convenience sample of young- adult flavoured/menthol 
tobacco users living or working in SF, self- reported prevalence 
of any flavoured tobacco product use dropped post- policy but 
respondents who smoked menthol cigarettes or used flavoured 
e- cigarettes, exclusively, reported still using these products.13 
Moreover, 15% of users reported purchasing flavoured tobacco 
online, 12% reported purchasing these products outside of SF 
and 10% reported having purchased products illegally.13 Thus, 
despite the significant associations between SF policy implemen-
tation and the decline in retail sales revealed in the current study, 
comprehensive state and/or federal laws seem necessary to elim-
inate opportunities to evade local laws.

This is the first study to assess the impact of a comprehensive 
local sales restriction of flavoured tobacco products, and inclu-
sion of two within- state comparisons is a strength. While the use 
of retail scanner data provides strengths—including providing 
time- series information on product sales in a geography with 
unparalleled product- level granularity—these proprietary data 
have known limitations. Representation is limited to the types of 
stores from which Nielsen collects and estimates sales, therefore 
online sales and sales from small local retailers, such as small 
grocery stores, vape shops and specialty tobacco shops that do 
not use scanner technology, are unknown. Some of these smaller, 
specialty stores may sell a wider variety of flavoured tobacco 
products. Options for comparison cities were limited by avail-
ability of local- level data from Nielsen. We cannot verify sales 
estimates as Nielsen’s methods for data collection and weighting 
are proprietary. Nonetheless, these data are widely used in 
tobacco surveillance and policy evaluation7–9 20 21 24–26 especially 
in the USA, where government agencies do not require tobacco 
manufacturers to report on product sales to wholesalers and 
retailers as is the case in other countries.27 Although the study 
period coincided with the June 2019 passage of the SF ordi-
nance banning ENDS sales, the ENDS law did not take effect 
until January 2020, and its impact might not have been realised 

until implementation, as seen in the current study and in similar 
policy evaluations.7 8

The comprehensive SF law virtually eliminated the sales of 
flavoured tobacco products and decreased total tobacco sales in 
the city. Contrary to evaluations in New York City and Provi-
dence, Rhode Island and other US cities, there was no evidence 
that consumers shifted their retail purchases to flavoured prod-
ucts with ambiguous (concept- named) labelling.7 8 In addition, 
increased sales of unflavoured products in assessed retail chan-
nels did not make up for the reduction in flavoured product 
sales, suggesting there was not a one- to- one substitution of unfla-
voured products for flavoured products. The extent to which SF 
consumers of flavoured tobacco products quit smoking, reduced 
consumption or accessed preferred products from cross- border 

Figure 3 Average weekly standardised unit sales of all tobacco products by flavour category before and after the San Francisco restriction on 
flavoured tobacco sales, San Francisco and comparison cities, 2015–2019. Note: Average weekly tobacco unit sales and proportions of sales by flavour 
category are derived from predicted estimates. Bolded values denote significant differences in the proportion of sales from pre- policy to post- policy, 
within study cities and flavour category (p<0.05).

What this paper adds

 ⇒ Hundreds of localities in the USA have implemented sales 
restrictions on flavoured tobacco, but most local laws contain 
exemptions for menthol, or for specific products, such as e- 
cigarettes, or for retailers, such as adult- only venues.

 ⇒ San Francisco is the first major US city to implement a 
comprehensive sales restriction on flavoured tobacco, without 
exemptions. The law became effective on 21 July 2018, 
had a publicised enforcement date of 1 January 2019 and 
compliance inspections commenced during April 2019.

 ⇒ This study of the San Francisco law is the first to evaluate the 
impact of a comprehensive flavoured tobacco restriction on 
tobacco product sales in the USA.

 ⇒ Implementation was associated with significant declines 
in sales of flavoured tobacco products, which fell to very 
low levels, and total tobacco sales significantly decreased 
from pre- policy to post- policy, suggesting there was not 
widespread substitution to unflavoured tobacco products.
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purchases, online vendors or illegal markets is not well docu-
mented. Given the gaps in Nielsen coverage of tobacco sales 
in vape/smoke shops and other small retailers, observational 
studies of compliance in these under- represented store types 
are warranted. Studies of how the retail environment and 
consumer behaviour changed with respect to SF’s comprehen-
sive law, using observational studies and population surveys, are 
needed to expand the evidence base for local sales restrictions 
on flavoured tobacco and to offer practical insights for tobacco 
control researchers, policymakers, advocates and enforcement 
agencies.
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Supplemental Table 1. Regression Results among Flavoured Tobacco, Cigarette, Cigar, SLT, and ENDS unit sales,  

San Francisco and Comparison Cities, 2015-2019 

Interrupted time-series analysis among 

flavoured tobacco sales overall and by 

major tobacco category 

All Flavoured Tobacco Unit Sales Menthol Cigarette Unit Sales Flavoured Cigar Unit Sales 

San 

Francisco San Jose San Diego 

San 

Francisco San Jose San Diego 

San 

Francisco San Jose San Diego 

pre-policy slope (t)  

(average change in weekly sales) 

102.4** 26.3 4.0 23.9** -4.0 -12.3 32.9* 12.0 -4.3 

(24.7) (14.2) (16.2) (8.4) (10.3) (9.9) (13.3) (8.5) (5.8) 

change in level (i.e., intercept) of weekly 

sales at the effective period (_x161) 

2,934.7 3,279.3** 4,281.1** 283.0 1,850.4* 2,028.4** -993.7 1,379.7 624.2 

(6,547.1) (1,146.9) (1,138.2) (3,252.8) (787.4) (572.4) (1,411.3) (763.2) (570.7) 

change in slope relative to pre-policy 

slope (_x_t161) 

-1,545.6** -172.3 -189.1** -616.8* -126.9* -192.8** -300.3** -91.9** 1.2 

(488.4) (92.1) (57.6) (255.9) (57.8) (39.3) (91.3) (35.2) (25.5) 

change in level of weekly sales at the 

enforcement period (_x185) 

-15,837.8* 1,418.5 -2,864.6* -7,884.5* 1,289.9 -168.9 -4,134.2** -889.8 -2,615.9** 

(7,709.6) (1,851.6) (1,342.2) (3,937.0) (1,150.6) (846.8) (1,528.3) (828.3) (682.7) 

change in slope relative to the effective 

period (_x_t185) 

1,444.1** 11.4 126.3 592.7* 57.6 155.2** 274.3** 30.9 -19.8 

(485.3) (97.9) (65.6) (255.8) (56.2) (44.6) (92.0) (35.7) (30.7) 

2.quarter 

(quarter 1 is ref.) 

-577.1 1,220.3 2,797.1** 181.1 1,817.4** 1,869.4** -1,080.1 -537.0 68.0 

(1,136.6) (687.9) (896.9) (386.9) (466.8) (619.3) (694.9) (384.1) (355.7) 

3.quarter 

(quarter 1 is ref.) 

-1,945.4 1,853.9* 3,767.4** -337.2 2,593.4** 3,440.8** -1,117.6 -631.6 -222.7 

(1,137.0) (736.6) (907.2) (393.1) (459.2) (597.0) (784.8) (469.7) (344.6) 

4.quarter 

(quarter 1 is ref.) 

-603.1 1,472.5* 646.2 -210.4 1,767.5** 1,360.3* -465.5 -159.0 -693.9 

(1,092.9) (727.4) (934.0) (361.8) (556.2) (621.3) (790.1) (383.2) (383.8) 

California tax increase on cigarettes and 

ENDS (0/1) 

2,506.7 -829.7 -6,209.9** -1,510.2 -3,958.1** -7,042.5** 2,153.5 3,511.1** 1,975.2** 

(2,311.6) (1,279.9) (1,530.5) (832.8) (917.4) (1,034.8) (1,317.6) (825.4) (510.0) 

Constant  

(pre-policy level of weekly sales) 

30,942.3** 65,971.1** 75,491.6** 20,467.1** 42,697.3** 48,532.2** 4,952.84** 14,335.7** 14,471.3** 

(1,427.8) (882.6) (1,149.8) (459.5) (649.8) (765.7) (858.0) (512.2) (409.6) 

           

Observations 236 236 236 236 236 236 236 236 236 

Standard errors in parentheses. ** p<0.01, * p<0.05; pre-period = July 2015 - July2018; effective period = July 2018 - December 2018; enforcement period = January – December 2019.  

Regression model specified as: Y = β0 + β1T + β2Effective + β3T*Effective + β4Enforcement + β5T*Enforcement + ε, where Y is estimated unit sales, T is time (weekly), Effective 

is the indicator for the effective date, T*Effective is the interaction of the effective date indicator and time, Enforcement is the indicator for the enforcement date, and 

T*Enforcement is the interaction of the enforcement date indicator and time. β0 is the intercept or estimated level of sales at the start of the study period, β1 is the estimated pre-

policy slope, β2 is the estimated change in the level of the outcome for the week in which the policy becomes effective, β3 is the estimated change in the slope of the outcome in the 

policy-effective period relative to the slope in the pre-policy period, β4 is the estimated change in the level of the outcome for the week in which policy enforcement begins, and β5 

is the estimated change in the slope of the outcome in the policy enforcement period relative to the slope in the policy effective period. 
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Supplemental Table 1 Continued. Regression Results among Flavoured Tobacco, Cigarette, Cigar, SLT, and ENDS unit sales,  

San Francisco and Comparison Cities, 2015-2019 

Interrupted time-series analysis among 

flavoured tobacco sales overall and by 

major tobacco category 

Flavoured Smokeless Tobacco Unit Sales Flavoured ENDS Unit Sales 

San Francisco San Jose San Diego San Francisco San Jose San Diego 

pre-policy slope (t) 

(average change in weekly sales) 

5.6 -1.8 3.0 39.8** 20.0** 18.0** 

(4.2) (2.3) (3.7) (5.74) (1.4) (2.5) 

change in level (i.e., intercept) of weekly 

sales at the effective period (_x161) 

879.8 -65.9 166.9 2,570.5 62.4 1,455.0** 

(885.5) (369.2) (279.9) (1,376.4) (184.1) (277.7) 

change in slope relative to pre-policy 

slope (_x_t161) 

-284.1** -3.2 -19.9 -342.6** 55.2** 21.5 

(57.9) (24.1) (20.6) (102.8) (8.2) (13.4) 

change in level of weekly sales at the 

enforcement period (_x185) 

-1,252.8 318.8 404.3 -2,567.0 609.0* -457.2 

(986.5) (362.1) (379.7) (1,660.0) (297.5) (233.2) 

change in slope relative to the effective 

period (_x_t185) 

263.1** 1.2 31.5 312.5** -84.0** -41.7* 

(56.2) (25.6) (22.3) (103.3) (14.0) (17.2) 

2.quarter 

(quarter 1 is ref.) 

109.4 -22.6 570.6** 202.2 -33.8 299.5* 

(192.4) (139.5) (136.9) (265.1) (117.0) (128.0) 

3.quarter 

(quarter 1 is ref.) 

-138.0 -185.2 288.0 -369.9 74.2 262.2 

(205.0) (153.0) (183.6) (250.3) (133.8) (151.2) 

4.quarter 

(quarter 1 is ref.) 

366.4 -188.1 12.0 -297.7 -4.2 -35.7 

(297.2) (165.5) (202.0) (151.7) (81.3) (120.1) 

California tax increase on cigarettes and 

ENDS (0/1) 

1,206.8** -240.4 -754.4* 668.2 -148.3 -412.4 

(461.9) (217.6) (353.7) (414.1) (147.1) (210.8) 

Constant 

(pre-policy level of weekly sales) 

5,429.7** 8,520.9** 11,171.6** 108.2 396.8** 1,222.7** 

(264.2) (180.2) (249.6) (365.0) (105.7) (175.7) 

          

Observations 236 236 236 236 236 236 
Standard errors in parentheses. ** p<0.01, * p<0.05; pre-period = July 2015 - July2018; effective period = July 2018 - December 2018; enforcement period = January – December 2019.  

Regression model specified as: Y = β0 + β1T + β2Effective + β3T*Effective + β4Enforcement + β5T*Enforcement + ε, where Y is estimated unit sales, T is time (weekly), Effective 

is the indicator for the effective date, T*Effective is the interaction of the effective date indicator and time, Enforcement is the indicator for the enforcement date, and 

T*Enforcement is the interaction of the enforcement date indicator and time. β0 is the intercept or estimated level of sales at the start of the study period, β1 is the estimated pre-

policy slope, β2 is the estimated change in the level of the outcome for the week in which the policy becomes effective, β3 is the estimated change in the slope of the outcome in the 

policy-effective period relative to the slope in the pre-policy period, β4 is the estimated change in the level of the outcome for the week in which policy enforcement begins, and β5 

is the estimated change in the slope of the outcome in the policy enforcement period relative to the slope in the policy effective period. 
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Supplemental Table 2. Regression Results among Total Tobacco, Cigarette, Cigar, SLT, and ENDS unit sales,  

San Francisco and Comparison Cities, 2015-2019 

Interrupted time-series analysis among 

total tobacco sales overall and by major 

tobacco category 

Total Tobacco Unit Sales Total Cigarette Unit Sales Total Cigar Unit Sales 

San 

Francisco San Jose San Diego 

San 

Francisco San Jose San Diego 

San 

Francisco San Jose San Diego 

pre-policy slope (t)  

(average change in weekly sales) 
174.2** -24.6 -109.2** 69.3** -84.1** -113.8** 52.0** 38.0** -9.5 

(40.2) (34.4) (35.4) (16.9) (32.3) (27.2) (16.3) (9.2) (7.9) 

change in level (i.e., intercept) of weekly 

sales at the effective period (_x161) 

-2,173.2 4,948.5* 6,991.8** -4,285.7* 3,841.9 4,625.2** -1,534.1 1,223.9 453.4 

(6,089.6) (2,346.6) (2,390.2) (2,013.8) (2,079. 9) (1,775.8) (2,343.4) (1,069.9) (662.5) 

change in slope relative to pre-policy 

slope (_x_t161) 

-1,354.6** -367.5 -620.1** -579.3** -296.8* -599.1** -323.9 -112.4 -32.5 

(430.9) (200.2) (134.2) (136.2) (149.5) (110.1) (171.2) (62.7) (42.3) 

change in level of weekly sales at the 

enforcement period (_x185) 

-8,881.3 -157.3 -2,466.8 456.1 1,492.1 97.3 -7,059.1* -2,579.8* -2,435.8** 

(6,718.2) (4,140.5) (3,235.2) (2,341.3) (3,047.6) (2,431.6) (2,718.5) (1,137.9) (922.8) 

change in slope relative to the effective 

period (_x_t185) 

1,018.9* 120.3 505.1** 239.4 172.0 507.4** 334.4 6.0 6.5 

(436.8) (205.9) (148.5) (137.9) (151.5) (126.0) (174.43) (64.51) (46.3) 

2.quarter 

(quarter 1 is ref.) 

-1,562.7 1,579.7 5,943.1* -682.9 2,182.3 4,133.7* -1,034.3 -577.8 681.3 

(1,921.4) (1,814.7) (2,393.6) (894.0) (1,631.1) (2,007.7) (897.1) (486.5) (446.3) 

3.quarter 

(quarter 1 is ref.) 

-2,086.7 4,041.9* 8,965.4** 0.6 5,558.6** 8,293.9** -1,169.2 -1,430.7** -148.3 

(2,006.6) (1,733.7) (2,440.2) (920.2) (1,509.1) (1,973.5) (955.1) (550.0) (401.7) 

4.quarter 

(quarter 1 is ref.) 

-89.7 2,669.7 2,278.1 555.7 2,885.5 2,811.8 -182.8 -54.4 -529.3 

(1,944.7) (1,999.9) (2,509.3) (1,045.1) (1,696.4) (2,025.1) (907.7) (464.9) (466.6) 

California tax increase on cigarettes and 

ENDS (0/1) 

2,154.4 -4,920.0 -13,985.4** -3,165.0 -7,838.7** -14,745.2** 2,592.5 3,950.8** 1,694.4* 

(3,986.4) (3,147.8) (3,480.7) (1,896.0) (2,968.2) (2,809.0) (1,556.1) (1,029.7) (855.7) 

Constant 

(pre-policy level of weekly sales) 

99,390.4** 204,009.0** 216,609.9** 79,294.0** 161,574.5** 169,496.7** 10,870.2** 28,506.5** 28,436.0** 

(2,367.4) (2,407.8) (3,160.4) (998.8) (2,194.7) (2,572.2) (1,056.2) (535.7) (544.4) 

           
Observations 236 236 236 236 236 236 236 236 236 

Standard errors in parentheses. ** p<0.01, * p<0.05; pre-period = July 2015 - July2018; effective period = July 2018 - December 2018; enforcement period = January – December 2019.  

Regression model specified as: Y = β0 + β1T + β2Effective + β3T*Effective + β4Enforcement + β5T*Enforcement + ε, where Y is estimated unit sales, T is time (weekly), Effective 

is the indicator for the effective date, T*Effective is the interaction of the effective date indicator and time, Enforcement is the indicator for the enforcement date, and 

T*Enforcement is the interaction of the enforcement date indicator and time. β0 is the intercept or estimated level of sales at the start of the study period, β1 is the estimated pre-

policy slope, β2 is the estimated change in the level of the outcome for the week in which the policy becomes effective, β3 is the estimated change in the slope of the outcome in the 

policy-effective period relative to the slope in the pre-policy period, β4 is the estimated change in the level of the outcome for the week in which policy enforcement begins, and β5 

is the estimated change in the slope of the outcome in the policy enforcement period relative to the slope in the policy effective period. 
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Supplemental Table 2 Continued. Regression Results among Total Tobacco, Cigarette, Cigar, SLT, and ENDS unit sales, 

San Francisco and Comparison Cities, 2015-2019 

Interrupted time-series analysis among 

total tobacco sales overall and by major 

tobacco category 

Total Smokeless Tobacco Unit Sales Total ENDS Unit Sales 

San 

Francisco San Jose San Diego 

San 

Francisco San Jose San Diego 

pre-policy slope (t)  

(average change in weekly sales) 

5.4 -2.2 -3.1 47.1** 24.3** 18.2** 

(6.3) (3.5) (4.0) (7.2) (1.8) (3.4) 

change in level (i.e., intercept) of weekly 

sales at the effective period (_x161) 

1,038.5 -251.1 375.4 2,437.2 94.7 1,526.0** 

(885.5) (425.3) (334.9) (1,251.2) (193.5) (330.0) 

change in slope relative to pre-policy 

slope (_x_t161) 

-213.6** -9.3 -31.5 -243.6** 54.7** 41.8** 

(54.6) (31.2) (24.9) (84.6) (11.9) (13.8) 

change in level of weekly sales at the 

enforcement period (_x185) 

-495.4 338.0 386.4 -1,671.3 518.7 -518.1 

(857.5) (543.8) (447.2) (1,364.0) (365.2) (272.1) 

change in slope relative to the effective 

period (_x_t185) 

192.6** -6.9 41.9 259.8** -53.1** -48.9** 

(53.6) (33.0) (26.9) (85.9) (15.9) (17.5) 

2.quarter 

(quarter 1 is ref.) 

-80.1 3.9 709.9** 213.0 -33.3 405.5* 

(227.6) (180.2) (151.0) (332.6) (132.8) (179.5) 

3.quarter 

(quarter 1 is ref.) 

-393.3 -221.6 392.2* -533.1 131.5 409.9* 

(259.5) (181.7) (189.6) (321.8) (145.8) (193.5) 

4.quarter 

(quarter 1 is ref.) 

68.2 -261.8 1.7 -512.9** 53.8 5.5 

(353.7) (233.2) (223.5) (186.3) (105.6) (172.4) 

California tax increase on cigarettes and 

ENDS (0/1) 

1,547.5* -699.9* -708.0 1,077.9* -407.4* -339.1 

(655.5) (328.7) (379.3) (530.5) (193.3) (322.7) 

Constant 

(pre-policy level of weekly sales) 

8,454.1** 12,639.1** 15,671.4** 698.7 1,062.3** 2,571.7** 

(359.5) (241.9) (271.9) (460.6) (128.4) (218.4) 

        
Observations 236 236 236 236 236 236 

Standard errors in parentheses. ** p<0.01, * p<0.05; pre-period = July 2015 - July2018; effective period = July 2018 - December 2018; enforcement period = January – December 2019.  

Regression model specified as: Y = β0 + β1T + β2Effective + β3T*Effective + β4Enforcement + β5T*Enforcement + ε, where Y is estimated unit sales, T is time (weekly), Effective 

is the indicator for the effective date, T*Effective is the interaction of the effective date indicator and time, Enforcement is the indicator for the enforcement date, and 

T*Enforcement is the interaction of the enforcement date indicator and time. β0 is the intercept or estimated level of sales at the start of the study period, β1 is the estimated pre-

policy slope, β2 is the estimated change in the level of the outcome for the week in which the policy becomes effective, β3 is the estimated change in the slope of the outcome in the 

policy-effective period relative to the slope in the pre-policy period, β4 is the estimated change in the level of the outcome for the week in which policy enforcement begins, and β5 

is the estimated change in the slope of the outcome in the policy enforcement period relative to the slope in the policy effective period. 
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