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ABSTRACT
Introduction We investigated public interest in 
shopping and point- of- sales (POS) of JUUL and Puff 
Bar products in the context of five regulatory, company 
sales policy and other events of interest that may have 
influenced the trajectory of these products during 
2019–2021.
Methods Outcome variables included relative search 
volume (RSV) from Google search queries indicative of 
shopping interest in and aggregate dollar sales from 
Nielsen POS for JUUL and Puff Bar in the USA from 
March 2019 to May 2021. Adjusted autoregressive 
integrated moving average assessed the observed and 
predicted trends and adjusted linear regression analysis 
measured the relative rate of change in the outcome 
variables for each time period of interest.
Results After the Trump administration announced 
its plans to ban flavoured e- cigarettes and JUUL Labs, 
Inc.’s decided to suspend the sales of its sweet and 
fruity flavoured products, JUUL’s shopping interest RSV 
and sales declined while Puff Bar’s shopping interest 
RSV peaked, and its sales increased. From the period 
following FDA’s announcement of its enforcement 
guidance policy on unauthorised flavoured cartridge- 
based e- cigarettes until May 2021, JUUL’s shopping 
interest RSV and sales continued to decline. Puff Bar’s 
shopping interest RSV increased, and its sales peaked 
until the House approved the flavoured e- cigarette ban 
bill. Puff Bar’s sales steeply declined following suspension 
of its sales in February 2020. The decline, however, 
slowed after Puff Bar products were relaunched as 
’synthetic nicotine’ e- cigarettes.
Conclusions Puff Bar’s unprecedented peak in 
the shopping interest and sales of Puff Bar warrants 
continued surveillance.

INTRODUCTION
The electronic cigarette (e- cigarette) marketplace 
in the USA is characterised by unprecedented 
growth, rapidly evolving product characteristics 
and a dynamic regulatory landscape.1 JUUL, a 
rechargeable, cartridge- based pod mod and addic-
tive product,2 3 has been the most popular device 
overall and particularly among adolescents.3 4 This 
is concerning since nicotine has an adverse effect 
on adolescent brain development5 and early expo-
sure increases the risk of subsequent initiation to 
combustible cigarettes.6

Amidst rising pressure from advocacy and regula-
tory organisations, JUUL suspended the online and 
point- of- sales (POS) of its sweet and fruity flavoured 
products (except menthol) in October 2019.7 In 
the meantime, disposable (non- rechargeable, non- 
cartridge- based) e- cigarettes are an emerging public 

health concern. These products are the fastest 
growing category of e- cigarette products in the USA 
and have risen in popularity among high school and 
middle school students,8 9 and are potentially more 
harmful than rechargeable look- alike e- cigarettes.10

Puff Bar, initially introduced as a disposable, 
single- use and self- contained vaping device, has 
been gaining wide currency in the e- cigarette 
market since early 2019. It is available in a variety 
of flavours and priced significantly lower than JUUL 
pod mods. Recent evidence suggests that Puff Bar 
has replaced JUUL as the most popular e- cigarette 
brand among youth. In 2020, 26.1% of high school 
students and 303 .% of middle school students 
reported that their usual brand was Puff Bar, and 
5.7% of high school students and 12.5% middle 
school students reported using JUUL.11 Increasing 
adoption of Puff Bar in the USA may pose threats to 
public health and potentially exacerbate the youth 
vaping epidemic in the USA.

From a regulatory perspective, in July 2020, 
the FDA issued a warning letter to Puff Bar for 
selling or distributing unauthorised tobacco prod-
ucts introduced or modified after 8 August 2016—
the effective date of the deeming rule, and for 
marketing their products as modified risk tobacco 
products without FDA authorisation.12 Puff Bar 
suspended sales of its products in the USA market 
shortly after.13 In March 2021, Puff Bar reposi-
tioned its products as synthetic nicotine products 
and resumed sales while claiming that these were 
no longer under FDA’s regulatory purview which 
is limited to electronic nicotine delivery prod-
ucts derived from tobacco. Since then, the FDA’s 
enforcement policy on nationwide ban of unautho-
rised cartridge- based flavoured e- cigarettes final-
ised in January 2020, and Congress’s amendment 
to the Family Smoking Prevention and Tobacco 
Control Act, raising the federal minimum legal sales 
age from 18 to 21 effective December 2019, do not 
apply to the purchase of Puff Bar products.14

Retrospective and event- contextual monitoring 
of public interest in shopping and sales of JUUL 
and Puff Bar can highlight their potential role in the 
ongoing e- cigarette public health crisis in the United 
States and inform future health interventions. 
Digital health surveillance offers opportunities to 
passively collect organic data about public interest 
in tobacco products.15 Google search queries can be 
a valuable monitoring tool to track public interest 
in, information seeking and searching about tobacco 
products in response to changes in tobacco product 
regulations,15–17 launch of new tobacco products 
18 19 and other events.20 21 Google search queries 
are also known to be a reliable tool to forecast 
consumer behaviour and consumption.22 23 More 
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recently, Leas et al investigated Google search queries indicative 
of shopping interest in JUUL and IQOS during the e- cigarette, 
or vaping, product use associated lung injury (EVALI) outbreak 
in the USA.24 The Nielsen POS (NPOS) data have been used to 
capture national- level sales trends of tobacco products including 
JUUL as well.25 However, to date, no prior work has evaluated 
JUUL and Puff Bar aggregate POS trends in the USA.

This study leveraged Google search queries and NPOS to 
investigate public interest in shopping JUUL and Puff Bar prod-
ucts, and sales of these products, in the context of major events 
of interest including regulatory, and company sales policy and 
other events (see below) that potentially shaped the trajectory of 
public interest in and use of these products during 2019–2021.

 ► Time period 1 (T1): Both JUUL and Puff Bar sold and 
marketed as tobacco- derived nicotine- containing products 
(24/3/19–10/9/19).

 ► Time period 2 (T2): Trump Administration announced 
plans to ban flavours26; JUUL Labs’ voluntary announce-
ment to halt online sales of its sweet and fruity products27 
(11/9/19–1/1/20).

 ► Time period 3 (T3): FDA published enforcement guidance 
policy on unauthorised flavoured cartridge- based e- ciga-
rettes;28 House approved flavoured e- cigarette ban bill29 
(2/1/20–14/6/20).

 ► Time period 4 (T4): Puff Bar battled counterfeit sales, 
received FDA warning letter and suspended sale13 30 
(15/6/20–1/3/21).

 ► Time period 5 (T5): Puff Bar resumed sales as a synthetic 
nicotine- containing product31 (2/3/21–22/5/21).

Findings are expected to advance future investigations exam-
ining the impact of disposable and synthetic nicotine- containing 
e- cigarettes on overall e- cigarette use in the USA and demonstrate 
the utility of using online and offline e- cigarette surveillance.

METHODS
Data and procedures
Data comprised of national- level aggregate POS sales data from 
Nielsen and Google search queries indicative of public interest 
in shopping JUUL and Puff Bar in the USA from March 2019 to 
May 2021.

Nielsen point-of-sales (NPOS) data
NPOS data comprised of JUUL’s and Puff Bar’s national- level 
aggregate US$ sales (referred to as sales from hereon) from 24 
March 2019 to 22 May 2021. Previous studies32–34 have used 
aggregate US$ e- cigarette sales in the past. NPOS data contains 
state- level, 4- week sales of e- cigarettes products (referred to as 
monthly sales from hereon) available in dollar value and total 
units sold, identified by Universal Product Code, collected from 
participating retailers including convenience stores, food, drug 
and mass stores, located in 33 states in the USA. The analytic 
sample comprised of 28 months of sales data for JUUL and Puff 
Bar.

Google search queries indicative of shopping interest
Google search queries comprised of weekly relative search 
volume (RSV) indicative of shopping interest in JUUL and Puff 
Bar during the same time period—24 March 2019 to 22 May 
2021 (referred to as JUUL’s shopping interest RSV and Puff 
Bar’s shopping interest RSV, from hereon). RSV is defined as 
a user’s likelihood of Google search for a particular keyword 
depending on their location and time. RSV is scaled between 
0 and 100, where 100 represents the highest search volume. 

In line with previous research, weekly RSVs related to Google 
search queries comprising of a combination of at least one of the 
shopping- related keywords (‘buy’, ‘order’, ‘shop(s)’, ‘retailer(s)’ 
or ‘sale(s)’) and one of the product- related keywords (‘JUUL’ or 
‘Puff Bar’) were retrieved. The analytic sample comprised of 113 
weeks of JUUL- shopping and Puff Bar- shopping interest RSV.

Mapping events time points of interest to data
Extending prior work, weekly RSV and monthly NPOS data 
were mapped approximately to the events time points of interest 
(see online supplemental table 1 for more details on timeline 
mapping where calendar dates of each event of interest were 
mapped as close to corresponding NPOS and RSV data available 
for that period).

MEASURES
JUUL’s and Puff Bar’s shopping interest RSV were operation-
alised as separate continuous variables, representing search 
queries indicative of shopping interests in these products indi-
vidually during the study period.

Sales of JUUL and Puff Bar products was derived from the 
total dollars sold at POS. Average price per item for JUUL’s kits, 
JUUL’s refills and Puff Bar’s disposable products was calculated 
by dividing aggregate sales ($) by standardised number of units 
sold (determined by multiplying pack size, total size and the units 
sold) and adjusted for inflation using the Consumer Price Index35 
by converting them to the 2021 May price. Note that JUUL’s 
kits were inclusive of assorted form, e- cigarette liquid pod and 
electronic vapour device, JUUL’s refills comprised of e- cigarette 
cartridge and e- cigarette liquid pod. E- cigarette, or vaping, product 
use- associated lung injury (EVALI) was defined in terms of the 
total number of EVALI cases per million individuals during each 
time period of interest in the USA, based on data the Centers for 
Disease Control and Prevention’s daily volume of EVALI cases36 
and U.S. population census monthly estimates.37 The COVID- 19 
pandemic was conceptualised as the total new COVID- 19 cases per 
million individuals during each time period in the USA based on 
data repository maintained by The New York Times38 Seasonality 
included separate dummy variables (0/1) for each calendar month 
in a year.

Separate event time period variables for each dataset were 
based on the timeline mapping (see online supplemental table 1). 
The event time periods were operationalised in terms of a multi-
categorical variable where each category represented a specific 
time period of interest.

Analytic approach
Preliminary analysis involved exploring the distribution of the 
Google search queries and NPOS data for JUUL and Puff Bar 
products separately. Please refer to online supplemental note 1 
for corresponding skewness and kurtosis test results and online 
supplemental table 2 for more information on preliminary analysis 
related to findings from parametric and non- parametric regression 
analysis for non- normal distribution.

Based on prior work based on Google search queries,17 adjusted 
autoregressive integrated moving average (ARIMA) models were 
trained on baseline data from the time period (T1- T2) to predict 
the expected values of JUUL’s and Puff Bar’s shopping interest RSV 
in the subsequent time periods (assuming no event impacts) (see 
online supplemental note 2 for more details). Figure 1A,B illustrate 
trends in shopping interest RSV and figure 2A,B illustrate trends 
in sales. We controlled for EVALI cases, the average price of Puff 
Bar’s disposable products and JUUL’s kits and refills to predict 
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JUUL and Puff Bar sales, for the baseline period T1 and T2. The 
ARIMA analysis was not adjusted for the COVID- 19 pandemic 
because the baseline period occurred prior to the pandemic, and 
sensitivity analysis suggested that there were very minor differ-
ences between the observed sales and RSV shopping interest trends 
for both products with and without the impact of the COVID- 19 
pandemic (please see online supplemental figures 1, 2 for more 
details). Seasonality was not included as a covariate due to multi- 
collinearity issues.

Next, linear regression analysis was used to assess the rate of 
change in the outcome variables at each time period of interest 
in reference to the baseline time period (T1) (see table 1). Sepa-
rate outcome variables comprised of JUUL’s sales, Puff Bar’s sales, 
JUUL’s shopping interest RSV and Puff Bar’s shopping interest RSV. 
We controlled for EVALI cases, the COVID- 19 cases, seasonality, 

the average price per item sold for JUUL’s kits and refills and 
Puff Bar products given youth appeal for disposable electronic 
cigarettes may be higher than that of JUUL, due to their low cost 
among other factors.

Stata 15.1 was used to conduct the ARIMA and linear regression 
analyses. Python 3.7 was used to retrieve Google search queries 
data. Statistical significance was defined as p<0.05.

RESULTS
Trends in Google search queries indicative of shopping 
interest in JUUL and Puff Bar
Figure 1 demonstrates the observed and predicted trends 
related to JUUL’s and Puff Bar’s weekly shopping interest RSV 
from March 2019 to May 2021. During T1, when both JUUL 

Figure 1 Trends in Google search queries indicative of JUUL’s and Puff Bar’s shopping interest RSV and predicted RSV in relation to regulatory, 
company sales policy and other events during 2019–2021. RSV, relative search volume.

Figure 2 Observed and predicted point- of- sales trends for JUUL and Puff Bar in relation to regulatory, company sales policy and other events during 
2019–2021.
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and Puff Bar were on the market as tobacco- derived nicotine- 
containing products, JUUL’s shopping interest RSV varied and 
declined sharply towards the end (range 46–100, median 72), 
and the Puff Bar’s shopping interest RSV remained relatively 
stable (range 0–8, median 0). Subsequently during T2, when the 
Trump administration announced its plans to ban unauthorised 
flavoured e- cigarettes on 11 September 2019, and JUUL Labs 
decided to voluntarily halt online sales of its sweet and fruity 
e- cigarette products on 17 October 2019, there was a decrease 
in JUUL’s shopping interest RSV (range 37–58, median 45.5), 
while the Puff Bar’s shopping interest RSV increased (range 
0–59, median 14). At T3, JUUL’s observed shopping interest 
RSV declined (range 15–65, median 26.5) but was in the same 
direction as its predicted RSV (blue dotted line); Puff Bar’s shop-
ping interest RSV rose steeply and trended much higher than 
the predicted levels (green dotted line) initially after the FDA’s 
announcement of its enforcement guidance policy on unautho-
rised flavoured cartridge- based e- cigarettes on January 2, 2020 
and the House’s approval of flavoured e- cigarette ban bill on 28 
February 2020 and declined sharply thereafter (range 24–100, 
median 50.5). JUUL’s and Puff Bar’s declining shopping interest 
RSV trends continued (JUUL: range 8–24, median 15; Puff Bar: 
range 9–63, median 38) during T4 when Puff Bar battled coun-
terfeit sales, received FDA’s warning letter and announced its 
withdrawal from the market. Last, during T5, when Puff Bar 
resumed sales in the USA as a synthetic nicotine- containing 
product, JUUL’s shopping interest RSV maintained similar levels 
as T5 and was slightly above the predicted levels (range 8–17, 

median 12.5), and Puff Bar’s shopping interest RSV remained 
below the predicted levels.

Table 1 highlights the rate of change in JUUL’s and Puff 
bar’s shopping interest RSV during each time period of interest 
compared with T1 (when both JUUL and Puff Bar were on 
the market as tobacco- derived nicotine- containing products). 
JUUL’s shopping interest RSV was significantly lower during T2 
(B=−16.36 per week; 95% CI –24.24 to –8.49) when the Trump 
administration announced plans to ban flavoured e- cigarettes 
and when JUUL withdrew its fruity and sweet flavoured prod-
ucts from the market. In contrast, Puff Bar’s shopping interest 
RSV was significantly higher (B=17.29; 95% CI 3.82 to 30.755) 
during T2. JUUL’s shopping interest RSV continued to be signifi-
cantly lower in the subsequent time periods (T3: B=−42.06; 
95% CI –46.77 to –37.35; T4: B=−54.46; 95% CI –62.17 to 
–46.74; T5: B=−53.38; 95% CI –59.54 to –47.21). Compared 
with T1, Puff Bar’s shopping interest RSV was also higher during 
T3, the period after JUUL announced plans to discontinue 
the sale of its sweet and fruity flavoured products (B=50.94; 
95% CI 43.39 to 58.49). In the subsequent time periods, Puff 
Bar’s shopping interest RSV remained significantly higher than 
in T1 although not as high as those in T3 (T4: B=43.35 95% CI 
30.99 to 55.72; T5: B=32.61; 95% CI 22.73 to 42.48).

Trends in JUUL’s and Puff Bar’s point-of-sales
Figure 2 demonstrates the observed and predicted trends related 
to JUUL’s and Puff Bar’s monthly sales from March 2019 to 

Table 1 Adjusted rate of change in point- on- sales and Google queries indicative of shopping interest for JUUL and Puff Bar regulatory, company 
sales policy and other events during 2019–2021

Point-of- sales Shopping interest relative search volume

  
JUUL
(n=28 cycles)

Puff Bar
(n=28 cycles)

JUUL
(n=113 weeks)

Puff Bar
(n=113 weeks)

  B (95% CI) B (95% CI) B (95% CI) B (95% CI)

T2: Trump Administration announced plans to ban flavours; 
JUUL Labs announced to halt online sales of its sweet and 
fruity e- cigarette products

−24.93*
(−42.67 to –7.20)

9.68
(−3.01 to 22.38)

−23.77***
(−31.56 to –15.98)

10.42
(−2.07 to 22.90)

T3: FDA published enforcement guidance policy on 
unauthorised flavoured cartridge- based e- cigarettes; House 
approved flavour e- cigarette ban bill

−75.39***
(−91.05 to –59.74)

32.51***
(21.31 to 43.71)

−42.06***
(−46.77 to –37.35)

50.94***
(43.39 to 58.49)

T4: Puff Bar battled counterfeit sales and suspended sale −70.61***
(−87.01 to –54.21)

31.96***
(20.22 to 43.69)

−54.46***
(−62.17 to –46.74)

43.35***
(30.99 to 55.72)

T5: Puff Bar back on the market −87.25**
(−129.89 to –44.60)

40.31*
(9.80 to 70.83)

−53.38***
(−59.54 to –47.21)

32.61***
(22.73 to 42.48)

Puff Bar average price per unit −8.99
(−23.63 to 5.64)

3.19
(−7.29 to 13.66)

– –

JUUL Kit average price per unit 2.63**
(0.87 to 4.39)

−0.63
(−1.89 to 0.63)

– –

JUUL Refill average price per unit −74.23
(−184.65 to 36.20)

43.83
(−35.20 to 122.85)

– –

EVALI cases −1.91
(−14.63 to 10.82)

−1.64
(−10.75 to 7.47)

−17.65
(−35.78 to 0.49)

−20.48
(−49.55 to 8.58)

COVID- 19 cases −0.00
(−0.00 to 0.00)

0.00
(−0.00 to 0.00)

−0.00*
(−0.01 to –0.00)

−0.01***
(−0.01 to –0.00)

Intercept 618.06*
(13.03 to 1223.09)

−260.34
(−693.30 to 172.62)

84.68***
(78.03 to 91.32)

10.03
(−0.62 to 20.68)

*P<0.05, **p<0.01, ***p<0.001.
Reference time period: T1 (both JUUL and Puff Bar sold and marketed as tobacco- derived nicotine- containing products).
Seasonality was also controlled for.
EVALI is conceptualised as total EVALI cases per million individuals during each time period of the dataset.
COVID- 19 is conceptualised as the total new COVID- 19 cases per million individuals during each time period of the dataset.
EVALI, e- cigarette, or vaping, product use associated lung injury.
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May 2021. During T1 (when both products were on the market 
as tobacco- derived nicotine- containing products), JUUL’s sales 
initially increased and then started declining towards the end of 
T1 (range $168.73–$204.88 million, median $194.60 million), 
while Puff Bar’s sales was on an increasing trend (range $9.99–
$15 203.51, median $1844.8). As JUUL’s sales continued to 
decline during T2 (range $144.65–$159.57 million, median 
$156.12 million), Puff Bar’s sales (range $46 729.8–$ 1.95 
million, median $0.78 million) increased to $1.95 million by the 
end of T2. After the Trump administration’s announcement of 
its plan to ban flavoured e- cigarettes on 11 September 2019 and 
JUUL Labs’ voluntary decision to halt the online sales of its sweet 
and fruity e- cigarette products on 17 October 2019 (T2), JUUL’s 
sales (range $114.12–$136.68 million, median $126.35 million) 
continued to decline and reached its lowest point of $114.12 
million and lower than its predicted levels. At the same time, 
Puff Bar’s sales (range $4.66–$30.59 million, median $15.69 
million) increased to $15.69 million by the end of T3. During 
T4, when Puff Bar suspended the sales of its products, JUUL’s 
sales started to decline and continued to fall below its predicted 
levels (range $121.09–$135.75 million, median $125.31 
million) while Puff Bar’s sales started declining but continued 
to be above its predicted levels (range $7.87–$31.79 million, 
median $19.96 million). When Puff Bar became available again 
as a synthetic nicotine- containing product in the market during 
T5, JUUL’s sales remained relatively stable (range $119.14–
$120.47 million, median $120.22 million) while decline in Puff 
Bar’s sales slowed such that the gap between the observed and 
the predicted sales was at the lowest level (range $4.63–$7.11 
million, median $5.98 million).

Table 1 also reports the rate of changes in JUUL’s and Puff 
Bar’s sales during each time period of interest compared with 
T1. JUUL’s sales were significantly lower during T2 compared 
with the sales during T1 (B=−24.70 per month; 95% CI –48.85 
to –0.54- 4) when the Trump administration announced its plan 
for flavoured e- cigarettes ban and when JUUL halted the sales of 
its sweet and fruity flavoured products. JUUL’s sales continued 
to be lower in the subsequent time periods (T3: B=−75.39; 
95% CI –91.05 to –59.74; T4: B=−70.61; 95% CI –87.01 to 
–54.21; T5 B=−87.25; 95% CI –129.89 to –44.06). Puff Bar’s 
sales were significantly higher than T1 during T3 until T6 (T3: 
B=32.51; 95% CI 21.31 to 43.71; T4: B=31.96; 95% CI 20.22 
to 43.69; T5: B=40.31; 9.80 to 70.83).

DISCUSSION
This study assessed public interest in shopping and sales of JUUL 
and Puff Bar during 2019–2021. Peaks in Puff Bar’s shopping 
interest RSV and sales intersected with declines in JUUL’s shop-
ping interest RSV and sales in early 2020 suggesting that uptake 
of disposable products may warrant continued surveillance. The 
declining trend in Puff Bar’s sales has slowed since March 2021 
when it resumed sales and relaunched its products as ‘synthetic 
nicotine’ e- cigarettes. Moving forward, the sales trends of JUUL 
and Puff Bar are likely to be determined by future regulatory, 
advocacy and product availability factors affecting both JUUL 
and Puff Bar sales.

The contemporaneous trends in the shopping interest of these 
potentially close alternative products are notable. Recent surveil-
lance of Twitter discourse referencing both JUUL and Puff Bar 
products found that conversations pertaining to switching from 
JUUL to Puff Bar were predominant.39 As such, ensuring FDA’s 
purview includes synthetic nicotine e- cigarette products and can 

address gaps in the Family Smoking Prevention and Tobacco 
Control Act for e- cigarettes and adverse public health outcomes.

Puff Bar’s and JUUL’s sales are on a declining trend since 
mid- 2020. The effects of Puff Bar’s recent repositioning of its 
products and continued sales in the market may result in a spike 
in the uptake of these products. Federal, tribal, state and local 
laws that restrict the sale of tobacco products may encourage 
consumers to switch to Puff Bar products that may be potentially 
exempt. Additionally, the unprecedented peak in the shopping 
interest and actual sales of Puff Bar in the past is indicative of 
its potential impact on the vaping crisis. Given these consider-
ations, federal action should be taken to regulate synthetic nico-
tine products including Puff Bar. More specially, as discussed 
previously, the FDA CDER could potentially regulate Puff Bar 
and other similar products as drug products and permit their 
sales in the U.S. market only on approval of a new drug appli-
cation.40 Taken together, enactment of proposed comprehensive 
regulations pertaining to flavoured e- cigarettes, introduction of 
new flavours, regional and local flavour bans, and the impact of 
menthol bans on e- cigarette consumption may help sustain the 
declining trend.

Notably, RSV shopping interest and POStrends were similar 
for each product during the study period, suggesting that Google 
Trends may offer valuable means to monitor immediate effects 
of policies on public interest. Additionally, multimodal surveil-
lance leveraging different data sources including cohort studies, 
social media data and electronic health records can play a signif-
icant role in capturing and validating early warnings.

This study is limited to an aggregate national- level analysis 
given the nature of Google search queries and POS data. As 
such, we are unable to determine the demographics of individ-
uals who search on Google or purchase these products, if Google 
queries resulted in purchases, and whether purchases occurred 
online or offline. NPOS data also do not offer information 
about whether individuals purchasing these products from retail 
stores consumed these products, are limited to participating 
convenience stores and do not capture internet sales or other 
in- person sales transactions. While every effort was made to map 
the starting dates of Nielsen’s monthly sales periods and weekly 
RSV periods data with the event dates for each timepoint, these 
did not align perfectly. Findings also cannot be generalised to 
other products or time periods. The RSV measure is also rela-
tive to the total number of Google searches executed at a certain 
timepoint. As such, it is possible that a potential steep increase 
in the total number of Google searches indicative of shopping 
interest in JUUL and Puff Bar at the onset of the pandemic may 
not be discernible in the trends. Additionally, we were unable 
to control for seasonality in the ARIMA analysis due to collin-
earity for the following calendar months: February, March, 
April, June, July, September and December. We were unable to 
incorporate separate time periods representing the emergence 
of EVALI and the COVID- 19 pandemic because there was only 
one single observation representing the retail sales of these 
products during each of the above- mentioned time periods. We 
controlled for EVALI hospitalizations and COVID- 19 pandemic 
infections to account for their effects on the outcomes; find-
ings should be interpreted cautiously as related media coverage 
may have impacted sales and Google search trends. Controlling 
for the EVALI hospitalizations and COVID- 19 pandemic infec-
tions per 1000 individuals in the USA does not account for 
the effects of media coverage of these major health issues on 
sales and public interest in shopping these products. Future 
work may consider investigating the interaction effect between 
the volume of EVALI and COVID- 19 media coverage and the 
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regulatory events on the sales and public interest in shopping 
these products.

Taken together, this study conducted event- contextual digital 
and traditional surveillance to offer insights about the trajectory 
of Puff Bar’s and JUUL’s popularity. Armed with the insights from 
this study, public health practitioners can plan strategic efforts 
including public health education interventions and campaigns 
to sustain the declining trend in JUUL and Puff Bar in the future. 
Additionally, unlike more traditional forms of research such as 
surveys and focus groups, Google search queries make it possible 
to map organic changes in public shopping interest retrospec-
tively at low cost and in real- time. At the same time, trajectories 
in POS validate these changes in the e- cigarette marketplace and 
evolving landscape.

CONCLUSION
This study mapped trends in Google shopping queries indica-
tive of shopping interest in JUUL and Puff products and their 
POS from March 2019 until May 2021 in relation to regulatory, 
company sales policy announcements and other events. Peaks 
in Puff Bar’s shopping interest RSV and sales intersected with 
declines in JUUL’s shopping interest RSV and sales. Puff Bar’s 
declining sales trends in 2021 has slowed, after it relaunched its 
products as ‘synthetic nicotine’ e- cigarettes. These trends may 
change in the near future as Puff Bar continues to expand sales 
in the U.S. market.

Key messages

What is already known on this topic
 ⇒ Puff Bar has replaced JUUL as the most popular e- cigarette 
brand among youth. Currently, Puff Bar is positioned as 
synthetic nicotine- containing product and is beyond the FDA’s 
purview.

What this study adds
 ⇒ Peaks in Puff Bar’s shopping interest relative search volume 
(RSV) and sales intersected with declines in JUUL’s shopping 
interest RSV and sales.

 ⇒ Puff Bar’s declining trend of its sales has slowed since March 
2021.

How this study might affect research, practice and/or 
policy

 ⇒ Armed with the insights from this study, public health 
practitioners can plan strategic efforts including public 
health education interventions and campaigns to sustain the 
declining trend in JUUL and Puff Bar in the future.
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Supplemental material 

Supplemental Table 1 Map of dates for events of Interest, point-of-sales data and Google search queries 

indicative of shopping interest  

Time 

period 

Regulatory context Calendar dates  

 

Monthly Nielsen 

Point-Of-Sales  

Weekly Relative 

Search Volume 

for Google 

search queries 

indicative of 

shopping interest 

T1 Both JUUL and Puff Bar 

sold and marketed as 

tobacco-derived nicotine-

containing products 

3/24/19 - 9/10/19 3/24/19 - 9/7/19  3/24/19 - 9/1/19 

T2 Trump Administration 

announced plans to ban 

flavors; JUUL Labs 

announced to halt online 

sales of its sweet and 

fruity e-cigarette products 

9/11/19 - 1/1/20 9/8/19 - 12/28/19 9/8/19 - 12/22/19 

T3 FDA published 

enforcement guidance 

policy on unauthorized 

flavored cartridge-based 

e-cigarettes; House 

approved flavor e-

cigarette ban bill 

1/2/20 - 6/14/20 12/29/19 - 6/13/20    12/29/19 - 6/7/20 

   

T4 Puff Bar battled 

counterfeit sales, received 

FDA warning letter and 

suspended sale 

6/15/20 - 3/1/21 6/14/20 - 2/20/21  6/14/21 - 2/27/21 

T5 Puff Bar resumed sales as 

a synthetic nicotine 

containing product 

3/2/21 - 5/22/21 2/21/21 - 5/22/21 2/28/21 - 5/22/21 
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Supplemental Note 1 Skewness and Kurtosis tests for JUUL and Puff Bar NPOS and Google search 

queries data 
The final analytic sample for JUUL’s NPOS data included 28 monthly observations. The p-value 

for kurtosis was 0.92, indicating that it was not significantly different from the kurtosis of a normal 

distribution. The p-value for skewness was 0.02, indicating that it was significantly different from the 

skewness of a normal distribution. The p-value for the joint test (chi-square) was 0.07 which suggested 

that the hypothesis that JUUL’s NPOS data is normally distributed at the 5% significance level could not 
be rejected.  

The final analytic sample for Puff Bar’s NPOS data also included 28 monthly observations. The 
p-value for kurtosis was 0.13, indicating that it was not significantly different from the kurtosis of a 

normal distribution. The p-value for skewness was 0.12, indicating that it was also not significantly 

different from the skewness of a normal distribution. The p-value for the joint test (chi-square) was 

0.0940 which suggested that the hypothesis that Puff Bar’s NPOS data is normally distributed could not 

be rejected. 

The final analytic sample for JUUL’s Google search queries data included 113 weekly 
observations. The p-value for kurtosis was 0.10, indicating that it was not significantly different from the 

kurtosis of a normal distribution. The p-value for skewness was 0.001, indicating that it was significantly 

different from the skewness of a normal distribution. The p-value for the joint test (chi-square) was 0.004 

which suggested that the hypothesis that JUUL’s Google search queries data was normally distributed 

could be rejected. Please refer to Supplemental Table 2 for comparison of parametric and non-parametric 

estimates of shopping interest RSV for JUUL. 

The final analytic sample for Puff Bar’s Google search queries data included 113 weekly 
observations. The p-value for kurtosis was 0.18, indicating that it was not significantly different from the 

kurtosis of a normal distribution. The p-value for skewness was 0.12, indicating that it was also not 

significantly different from the skewness of a normal distribution. The p-value for the joint test (chi-

square) was 0.12 which lead to the conclusion that the hypothesis that Puff Bar’s Google search queries 
data is normally distributed could not be rejected. 
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Supplemental Table 2 Comparison of estimates from simple linear regression and non-parametric 

regression on JUUL’s shopping interest RSV 

 Shopping Interest Relative Search Volume for JUUL 

(n=113 weeks) 

 Simple linear regression Non-parametric regression 

 B [95% CI] B [95% CI] 

T2: Trump Administration announced plans to ban 

flavors; JUUL Labs announced to halt online sales of 

its sweet and fruity e-cigarette products 

-23.77*** 

[-31.56, -15.98] 

-23.77*** 

[-31.56, -15.98] 

T3: FDA published enforcement guidance policy on 

unauthorized flavored cartridge-based e-cigarettes; 

House approved flavor e-cigarette ban bill 

-42.06*** 

[-46.77, -37.35] 

-42.06*** 

[-46.77, -37.35] 

T4: Puff Bar battled counterfeit sales and suspended 

sale 
-54.46*** 

[-62.17, -46.74] 

-54.46*** 

[-62.17, -46.74] 

T5: Puff Bar back on the market -53.38*** 

[-59.54, -47.21] 

-53.38*** 

[-59.54, -47.21] 

EVALI cases -17.65 

[-35.78, 0.49] 

-17.65 

[-35.78, 0.49] 

COVID-19 cases -0.00* 

[-0.01, -0.00] 

-0.00* 

[-0.01, -0.00] 

Intercept 84.68*** 

[78.03, 91.32] 

84.68*** 

[78.03, 91.32] 

 
Supplemental Note 2 Technical details for ARIMA analysis 

We first used the augmented Dickey-Fuller (ADF) test to detect whether the time series is 

stationary. The first order difference for NPOS and Google search queries for both JUUL and 

Puff Bar is stationary. We then used the autocorrelation (ACF) graph and partial autocorrelation 

(PACF) graph to determine the values of p and q. An ARIMA (2,1,1) model was developed to 

predict both the JUUL’s Google search queries and Puff Bar’s Google search queries after T2. 
An arima(1,1,1) model was developed to predict both the JUUL’s sales and Puff Bar’s sales after 
T2 
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Supplemental Figure 1 Google search query trends excluding the impact of the COVID-19 pandemic1 

indicative of JUUL’s and Puff Bar’s shopping interest RSV during 2019-2021  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1 Observed Google search queries trends without the effects of the COVID-19 pandemic were arrived at by using the 

following: Actual Google search queries minus the coefficient of the COVID-19 control variable multiplied by total 

COVID-19 cases per million individuals for a given time period [i.e., Actual Google search queries - (COVID-19 

pandemic co-efficient * Total COVID-19 cases per million individuals)]. 
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Supplemental Figure 2 Point-Of-Sales trends excluding the impact of the COVID-19 pandemic2 

for JUUL and Puff Bar during 2019-2021  

 

 
 

 

 
2 Observed point-of-sales trends without the effects of the COVID-19 pandemic were arrived at by using the 

following: Actual sales minus the coefficient of the COVID-19 control variable multiplied by total COVID-19 cases 

per million individuals for a given time period [i.e., Actual Sales - (COVID-19 pandemic co-efficient * Total 

COVID-19 cases per million individuals)]. 
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