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Abstract

Objective: In this paper, we describe trends in tobacco-related poison exposure calls (calls)
involving young children in the US.

Methods: Data were from the National Poison Data System between January 1, 2001 and
October 31, 2016. We analyzed data on calls involving children younger than 5 years old. We
describe trends in calls over time and call frequency by age, tobacco product type, level of care,
and other characteristics of calls.

Results: During 2001-2016, there were 123,876 calls involving young children. During the
study period, calls increased for most product types; e-cigarette-related calls increased from 7 in
2010 to 2558 in 2015. In calls with information on level of care (92.2%), 278 children were
admitted to an intensive care unit, 497 were admitted to a hospital noncritical care unit, and 19,834
were treated and released.

Conclusions: Tobacco-related poison events commonly occur in the US and can have serious
health consequences. More than 123,000 events among young children were reported during
2001-2016, but this likely represents a small portion of actual tobacco-related poison events due to
underreporting. It is critical to continue to monitor tobacco-related poison events and develop
strategies to prevent tobacco-related harm.
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Nicotine is a toxic substance whose ingestion can cause nausea, vomiting, and circulatory
and respiratory effects.12 Severe nicotine poisoning can lead to convulsions, coma,
respiratory depression, and cardiac arrests.1-2 Tobacco products containing nicotine are
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responsible for more than 10,000 telephone calls to poison control centers (PCCs) in the
United States (US) each year; the majority of these calls involve accidental ingestion of
tobacco products by young children.3 Connolly et al* analyzed almost 14,000 cases of
tobacco product ingestion by children younger than age 6 from 2006 to 2008 in the National
Poison Data System (NPDS). Approximately 70% of these cases involved children younger
than one year of age. The authors expressed particular concern about accidental ingestion of
smokeless tobacco and the possibility of increased ingestion of dissolvable tobacco products
due to their resemblance to candy.* Appleton® summarized American Association of Poison
Control Centers (AAPCC) annual report data on tobacco-related poison exposure calls from
1983 to 2009 and noted a small number of fatal events involving tobacco products, but
concluded that the frequency and severity of outcomes associated with accidental tobacco
product ingestion was relatively low compared to other consumer products.

In addition to poison events associated with conventional tobacco products, poison events
involving e-cigarettes are an increasing concern as use of these products increases. The US
Centers for Disease Control and Prevention has reported that exposure calls to PCCs related
to e-cigarettes increased from one per month in September 2010 to 215 per month in
February 2014.5 Thus, e-cigarettes account for an increasing proportion of combined e-
cigarette and conventional cigarette exposure calls, rising from 0.3% to 41.7% during the
study period. Similar findings of rapid increase in exposure calls associated with e-cigarettes
have been reported by others.”:8 Additionally, serious health effects associated with e-
cigarettes involving children have also been reported,®10 including death, burn, respiratory
issues, and severe liver toxicity.

Despite these studies, information on the overall public health burden of tobacco-related
poison events in the US remains limited, particularly as these events disproportionally affect
young children and involve emerging tobacco products in the rapidly-changing tobacco use
landscape. Cigarette smoking prevalence among US adults has declined from 20.9% in 2005
to a historic low of 15.1% in 2015.11 However, total consumption of non-cigarette
combustible tobacco products such as cigars increased by 123% from 2000 to 2011.12 In
addition, the prevalence of e-cigarette and hookah use has become increasingly common in
recent years, especially among youth and young adults.13:24 With the increasingly diverse
tobacco product use in the US, understanding acute health effects of these products is more
important than ever. To address these issues and provide data for future assessment of
regulatory policies, we analyzed data on tobacco-related poison exposure calls involving
children younger than 5 years old,® from NPDS between January 1, 2001 and October 31,
2016. We examined trends in the frequency of tobacco-related poison exposure calls over
time and the frequency of calls by age, tobacco product type, route of exposure, healthcare
facility level of care, and medical outcome. Data from our analyses may help inform
regulatory policies aimed at reducing tobacco-related poison events among young children.

METHODS

Data Source

Data for this study were obtained from NPDS, a data repository of poison exposure calls to
PCCs in the US. NPDS is owned and maintained by AAPCC. As of January 1, 2016, 55
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regional PCCs serving the 50 states, American Samoa, District of Columbia, Federated
States of Micronesia, Guam, Puerto Rico, and the US Virgin Islands reported poison event
data to AAPCC. Healthcare professionals at these centers respond to telephone calls from
the public regarding potential poison exposures. PCCs are available free of charge to the
public, 24 hours a day, 365 days a year.

Data Collection and Measures

NPDS stores information on all poison events reported to PCCs. Since 1983, NPDS has
accumulated more than 64 million human poison exposure case records, with more than 2
million records added annually.16 During each telephone call, information on caller location,
exposure site, demographic characteristics of person experiencing poison exposure, products
involved, route of exposure, clinical effect, healthcare facility level of care, and medical
outcome are collected and recorded using a structured computer program. The information
collected during each telephone call is then uploaded to NPDS automatically.16

NPDS contains poison event exposure information based on the generic and product codes
for more than 419,000 products, including tobacco products. Generic codes are available for
cigarettes, cigarette butts, cigars, chewing tobacco, dissolvable tobacco, snuff, e-cigarette
devices, e-cigarette nicotine liquids (e-liquids), other types of tobacco (eg, products did not
have a product code or did not belong to any established categories), and unknown types of
tobacco. Generic codes for e-cigarette devices and liquids became available in September
2010. Poison events involving hookahs were identified using product codes for hookah and
waterpipe. To identify all poison events involving dissolvable tobacco products accurately,
which are relatively new and less frequently used than other products, we identified and
reviewed events with product names known to be dissolvable tobacco products.1”-18 These
events were reclassified from other tobacco categories to the dissolvable tobacco category.
Events with a product name known to be hookah (ie, narghile)1® were reclassified from other
tobacco category to the hookah category. If a poison exposure event involves more than one
substance or product, each substance is assigned a sequence number by PCC staff in order of
its relative contribution to the observed clinical effects. The PCC staff makes this
determination based on its clinical judgment and expertise. In this study, we restricted
analyses to cases where a tobacco product was ranked as the humber one substance. Poison
events involving only one substance accounted for 99.4% of cases.

Tobacco products were classified according to generic codes. E-cigarettes and e-liquids were
grouped together due to the evolving nature of these products, as early generations of e-
cigarettes consisted of both a device and a liquid cartridge. Callers may not be able to
differentiate between an e-cigarette device and e-liquid when reporting exposures.
Healthcare facility level of care is categorized in NPDS as “treated/evaluated and released,”
“admitted to critical care unit,” “admitted to noncritical care unit,” “admitted to psychiatric
care facility,” “patient refused referral/did not arrive at healthcare facility,” “patient lost to
follow-up/left the health-care facility against medical advice,” and “no health-care facility
treatment received.” Route of exposure includes aspiration, bite/sting, dermal, ingestion,
inhalation, ocular, otic, parenteral, rectal, vaginal, other, and unknown; more than one route
can be reported for one event. Medical outcome is ascertained based on information
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available at the conclusion of a case with periodic follow-up until an outcome can be
ascertained, when possible. Medical outcome is classified by NPDS as “no effect” (the
patient did not develop any signs or symptoms as a result of the exposure), “minor effect”
(the patient developed some minimal signs or symptoms), “moderate effect” (the patient
developed signs or symptoms that were more pronounced than minor symptoms, but the
symptoms were not life-threatening and caused no residual disability), “major effect” (the
patient exhibited signs or symptoms that were life-threatening or resulted in significant
residual disability), and “death.”

Data Analysis

Our analyses focused on children under 5 years old, who are particularly at risk due to their
natural curiosity and tendency to engage in oral exploration or imitation of adult behaviors.
420 According to AAPCC, more than 80% of tobacco-related poison exposure calls involved
young children.3 This is also the targeted age group (ie, under 5 years old) identified in the
Poison Prevention Packaging Act (PPPA),21 which is the foundation of the Child Nicotine
Poisoning Prevention Act (CNPPA) that became effective in July 2016.1°

We extracted data from NPDS for this study in November 2016. We computed the frequency
of tobacco-related poison exposure calls by year and type of tobacco product to monitor
trends over time. We also computed the frequency and percentage of calls by age, healthcare
facility level of care, and medical outcome. Statistical analysis was conducted using R
version 3.0.2.22

RESULTS

Overall, PCCs across the US received 123,876 tobacco-related exposure calls involving
children younger than 5 years old between January 1, 2001 and October 31, 2016. The
number of these calls increased from 6609 calls in 2001 to 12,295 calls in 2015 and 9658
calls in the first 10 months of 2016. Most calls involved conventional cigarettes, with around
5000 calls per year (Figure 1). The second leading cause of calls from 2001 to 2013 was
chewing tobacco; calls more than doubled from 568 calls in 2001 to 1302 calls in 2015 and
1011 calls in the first 10 months of 2016. Calls involving e-cigarettes and e-liquid (N =
7707) increased dramatically from 7 calls in 2010 and 84 in 2011 to 2558 in 2015 and 1740
calls in the first 10 months of 2016, becoming the second leading cause of calls since 2014.
There were 36 calls involving dissolvable tobacco products; the number of these calls
decreased from 11 in 2009 to 7 in 2015 and 2 in the first 10 months of 2016. Hookah-related
calls ranged from one in 2007 to 7 in 2015, with a total of 21 calls during the study period.
Figure 2 illustrates that the overwhelming majority (96.0%) of tobacco-related calls involved
children aged 2 years or younger. This pattern was observed for all tobacco products,
ranging from 75.0% of calls for dissolvable tobacco products to 98.6% of calls for
conventional cigarettes.

Table 1 shows that the majority of poison exposures occurred through ingestion for all
products. Calls involving e-cigarette devices reported a relatively higher frequency of dermal
exposure (10.9%) compared to other products. Calls involving e-liquid also reported a higher
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frequency of dermal exposure (12.1%) than other products. Calls involving hookah reported
a much higher frequency of inhalation exposure (17.4%) than other products.

Of all 71,331 (57.6%) exposure calls with information on medical outcome, one e-cigarette
device call concerned a death. There were 51 (0.07%) calls for exposures resulting in major
medical effects, with 22 (43.1%) of these calls involving conventional cigarettes. Another
1620 (2.3%) calls had moderate effects, with 827 (51.0%) of calls involving conventional
cigarettes (Table 2). Calls without information on medical outcome (N = 52,545) were
largely due to decisions by PCCs staff as to whether the cases merited collecting information
on medical outcome. Of these calls, 39,447 (75.1%) calls were not followed because no
more than minor effects were expected; 5579 (10.6%) calls were judged as potential toxic
exposures but staff were unable to follow the cases; 5042 (9.6%) were judged as nontoxic
exposures; 2007 (3.8%) calls were considered unrelated effects (ie, the exposure was
probably not responsible for the call); and 470 (0.9%) calls were confirmed non-exposure.

Overall, 20,613 (16.6%) tobacco-related exposure calls involved events that led to children
receiving medical care. Of these, 19,834 (92.2%) children were treated or evaluated by
healthcare professionals and then released; 497 (2.4%) were admitted to a non-critical care
unit and 278 (1.3%) were admitted to a critical or intensive care unit, with more than half of
cases in both groups attributable to conventional cigarettes (Table 2). Overall, the tobacco
products most commonly involved in events requiring hospital admission to a critical or
intensive care unit were cigarettes, followed by unknown types of tobacco products, e-
cigarettes, chewing tobacco, snuff, other types of tobacco products, cigarette butts, and
cigars. No hookah-related calls reported hospitalization.

Table 3 shows the top 10 most frequently reported clinical effects or symptoms for all events
and for events associated with e-cigarettes or e-liquid, respectively. The most common
symptoms include vomiting, nausea, coughing or choking, and drowsiness or lethargy for all
products and for e-cigarettes.

DISCUSSION

Between January 1, 2001 and October 31, 2016, PCCs across the US received more than
123,000 telephone calls due to tobacco product exposures among children under 5 years old.
Tobacco-related poison events continue to be a significant public health problem, especially
among the youngest children, with more than 650 incidents per month on average during the
study period. Overall tobacco-related exposure calls increased over time for all products
except cigarette butts and products classified as “other types.” According to AAPCC, 1.2%
of all exposure calls involving children aged 5 years or younger to PCCs in 2015 were
attributable to tobacco product exposures and the percentage has increased since 2013;316:23
electronic cigarettes were among the top 25 most frequently reported products for exposure
calls in the same population in 2015.3 Moreover, electronic cigarettes were among the top 25
products with the greatest increase in exposure rate.3 Although tobacco-related poison
events constitute a small percentage of exposure calls involving young children to PCCs, it is
important to note that use of tobacco products within the US population is relatively high,
with more than one-fourth (27.6%) of adults reporting current use of at least one type of
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tobacco product in 2013-2014.24 Given that exposure to tobacco can result in serious harm
to young children, as reflected in NPDS data, tobacco-related poison events are a serious
threat to public health. Our findings underscore the importance of monitoring poison events
concerning all tobacco products, including emerging and re-emerging tobacco products.

Findings from this study are vastly different from the FDA’s reports on acute adverse
experience (AE) associated with tobacco products.®2% The FDA received fewer reports of
AEs related to tobacco products than NPDS. This is likely due to several factors, including
the different reasons for reporting to these 2 systems. Whereas both systems receive
voluntary reports, NPDS houses data primarily from consumers seeking immediate
professional advice on managing poison exposures whereas the FDA’s Safety Reporting
Portal (SRP) for tobacco products is intended to gather information about tobacco product
problems from citizens, health-care professionals, manufacturers, and researchers.
Additionally, NPDS has been available for decades and public awareness of the system may
be higher than the FDA’s SRP launched in 2014.

This study reveals that tobacco-related poison events can cause serious health effects that
require intensive medical care in young children. Whereas more than half of the poison
exposures to tobacco products occurred through ingestions, cases involving e-cigarette and
e-liquid had higher rates of dermal exposures than other products; these cases also had
higher rates of inhalation and or ocular exposures than other products except hookahs. In a
study about e-cigarette-related poison events, Chatham-Stephens et al® reported dermal
exposure due to e-cigarette device leak, and eye irritation or pain due to mistakenly using e-
liquids as eye drops. Lack of product standards, quality control, labeling, and appropriate
packaging might be contributing factors in these cases. The actual number of tobacco-related
poison events is likely to be much larger than what we observed due to potential
underreporting. In a nationally representative sample survey, the Health Resources and
Services Administration found that less than half of survey respondents (46%) were aware of
PCCs, 26% had a poison control number posted in their home, and just 4% were able to
provide AAPCC’s toll-free telephone number spontaneously.2® An Institute of Medicine
(I0M) report found substantial underreporting for deaths associated with poison events.27-31
The 10M report also found that only about 20%—-30% of poisoning cases treated in
emergency rooms were reported to PCCs.32-34 This estimate is consistent with NPDS data
showing that only 20% of poison exposure cases are reported to a PCC by staff at healthcare
facilities.18 Although the exact reasons and determinants of using PCCs’ services are
unknown, future studies assessing these factors may help PCCs identify deficiencies and
develop programs to improve awareness and utilization of PCCs’ services that are available
to everyone in the US. This study has presented additional insight into the nature of tobacco-
related poison events in the rapidly-changing tobacco product market. Previously, Connolly
et al* expressed concern about the harm of accidental smokeless tobacco ingestion by young
children, with particular concern about dissolvable tobacco products. Our study found that
dissolvable tobacco products account for a small number of poison events, probably because
of limited availability in the US32:36 and low rates of uptake and use of these products.3” E-
cigarettes, in contrast, are responsible for a sizeable and growing number of poison events,
indicating a serious public health issue. Our study also found a steady upward trend in
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exposure calls involving smokeless tobacco products, despite stable prevalence of smokeless
tobacco use in recent years.38

Despite the significant decline in cigarette smoking prevalence in recent years,11:39
conventional cigarettes continue to be the leading cause of tobacco-related poison events
among children aged 5 years or younger. Previous studies indicate that children’s
accessibility to cigarettes is a major risk factor of poison events associated with conventional
cigarettes.840 Developing targeted educational programs to increase the awareness of
cigarette-related poison events among young children and associated harm may help prevent
these events.

Our study results indicate that these poison events continue to affect thousands of young
Americans each year and remain a serious public health issue. Moreover, the youngest
children are particularly at risk, with more than 80% of tobacco-related poison exposure
calls involving children aged 5 years or younger.3 Nicotine has been identified as the toxic
substance most commonly reported as causing symptoms such as nausea and vomiting in
low doses, and more extensive neurological symptoms with higher doses among children
who have consumed cigarettes or butts.*! The incidence of such harmful events could be
reduced by eliminating young children’s access to tobacco products, given that previous
research has shown that cigarettes and butts were most commonly ingested by young
children in homes where smoking occurred in the presence of children and cigarettes and
cigarette butts were accessible.%0 The rapid increase in e-cigarette use and associated poison
events in recent years raise additional public health concerns. National data indicate that
current e-cigarette use has increased dramatically among US youth3 and adults.*2
Currently, e-cigarette use in the US is still much lower than cigarette smoking, both in terms
of prevalence in adults (3.7% vs 16.8% based on 2014 National Health Interview Survey
data3942) and sales (an estimated $2 billion vs $80 billion in 201343), but e-cigarettes now
account for a disproportionate share of tobacco-related poison exposure calls. Further
monitoring of this situation is warranted given the increasing prevalence of e-cigarette use
and the growing number of associated poisoning events. On August 8, 2016, the FDA began
the implementation of the Deeming Final Rule, which extends the Agency’s authority to all
tobacco products, including e-cigarettes.** Information from this study may inform future
regulatory activities on these products.

This study has limitations. First, the number of tobacco-related poison exposure events is
probably substantially underestimated, as NPDS is a passive surveillance system that relies
on voluntary reporting. Second, these calls may not represent the actual spectrum of severity
of outcome. Parents or caregivers may bring children with serious reactions or symptoms to
the emergency department immediately or call 911 instead of calling poison control centers.
Nationally representative data on tobacco-related injuries treated in hospital emergency
departments may provide useful information that is complementary to this study. Third, we
only included calls related to tobacco exposures as the primary substance identified by PCC
staff as our goal was to assess poison exposure calls attributable to tobacco products. It is
possible that tobacco could contribute to poison exposures where another substance was
identified as the primary substance of the exposure by PCC staff. However, the potential
underestimate of tobacco-related exposure events due to excluding cases involving more
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than one substance is minimal, approximately 0.6%. Fourth, some tobacco products may not
be categorized appropriately, especially new and emerging tobacco products. For example,
e-cigarettes may have been on the US market since 20074446 and the first adverse event
concerning an e-cigarette was reported to the FDA in 2008,25 but NPDS product codes for e-
cigarettes were not available until 2010. In addition, the increased number of exposure calls
involving unknown types of tobacco products might be attributable to new and emerging
tobacco products. Finally, tobacco-related poison events and related information such as
medical outcomes are available for only approximately half of the cases; medical outcome is
often self-reported, which is subject to reporting bias. However, exposure calls to PCCs are
answered by healthcare professionals and follow-up calls are made to obtain further
information in nearly half of cases.1® The majority of cases without medical outcome
information were those not followed as a result of clinical judgment.

IMPLICATIONS FOR TOBACCO REGULATION

Tobacco-related poison exposure is a public health concern. Conventional cigarettes
continue to be the leading cause of tobacco-related exposure calls to PCCs in the US.
Despite the substantial decline in cigarette consumption in the US over the past decade, the
number of cigarette-related exposure calls has increased. In addition, e-cigarette-related calls
have increased dramatically and exposure calls involving smokeless tobacco products are on
the rise. Many of these events have serious health consequences. Approximately one in 6
children experiencing a tobacco-related poison event was taken to a healthcare facility, and
one in 4 had minor to major medical effects. Findings from this study may inform targeted
educational programs and potential regulatory actions aimed to prevent and reduce tobacco-
related poison events. The recently implemented CNPPA requires nicotine exposure
warnings and child-resistant packaging for liquid nicotine, nicotine-containing e-liquid(s),
and other tobacco products.1> Under the May 2016 Deeming Final Rule,** the FDA has the
authority to require health warnings for product packages and advertisements, labeling,
child-resistant packaging, and product standards for newly deemed products. As indicated in
the Family Smoking Prevention and Tobacco Control Act of June 2009,%7 the premarket
review authority for new tobacco products also allows the FDA to assess the adequacy of the
products child-resistant packaging as part of the assessment of whether allowing the product
on the market is for the protection of public health. These measures may help reduce and
prevent accidental exposure to excessive levels of nicotine. Findings from this study
underscore the importance of continued monitoring of trends in tobacco-related poison
exposure events over time, identifying populations at risk and emerging issues with tobacco
products, and assessing factors influencing the occurrence of tobacco-related poison events.
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Figure 1.

Exposure Calls Involving Children Younger than 5 Years Old by Type of Tobacco Product

and by Year, United States, January 1, 2001 — October 31, 2016
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Figure 2.
Number of Tobacco-related Poison Exposure Calls Involving Children Younger than 5 Years

Old by Age and Type of Tobacco Product, United States, January 1, 2001 — October 31,
2016
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