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Abstract

Introduction: Information on morbidity-related productivity losses attributable to cigarette
smoking, an important component of the economic burden of cigarette smoking, is limited. This
study fills this gap by estimating these costs in the U.S. and by state.

Methods: A human capital approach was used to estimate the cost of the morbidity-related
productivity losses (absenteeism, presenteeism, household productivity, and inability to work)
attributable to cigarette smoking among adults aged =18 years in the U.S. and by state. A
combination of data, including the 2014-2018 National Health Interview Survey, 2018 Current
Population Survey Annual Social and Economic Supplement, 2018 Behavioral Risk Factor
Surveillance System, 2018 value of daily housework, and literature-based estimate of lost
productivity while at work (presenteeism), was used. Costs were estimated for 2018, and all
analyses were conducted in 2021.

Results: Estimated total cost of morbidity-related productivity losses attributable to cigarette
smoking in the U.S. in 2018 was $184.9 billion. Absenteeism, presenteeism, home productivity,
and the inability to work accounted for $9.4 billion, $46.8 billion, $12.8 billion, and $116.0
billion, respectively. State-level total costs ranged from $291 million to $16.9 billion with a
median cost of $2.7 billion.

Conclusions: The cost of morbidity-related productivity losses attributable to cigarette smoking
in the U.S. and in each state was substantial in 2018 and varied across the states. These estimates
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can guide public health policymakers and practitioners planning and evaluating interventions
designed to alleviate the burden of cigarette smoking at the state and national levels.

INTRODUCTION

The economic cost of cigarette smoking exceeds $300 billion annually in the U.S., including
>$225 billion for direct healthcare spending! and >$156 billion in productivity losses
attributable to premature mortality from smoking and exposure to second-hand smoke.2
However, smoking-attributable productivity losses are often underestimated because they do
not account for morbidity-related productivity losses.2 The few studies that have estimated
the absenteeism and/or presenteeism costs attributable to cigarette smoking are either

dated or are limited to selected employers at the national level.3~ Moreover, none of

these previous studies have estimated other important components of cigarette smoking—
attributable morbidity cost such as the inability to work at the national level, and none of
the previous studies have estimated all components of morbidity-related productivity losses
(absenteeism, presenteeism, inability to work, and household productivity losses) for all the
states.

Morbidity-related productivity loss attributable to cigarette smoking is a key component of
total economic costs attributable to cigarette smoking and thus is important to include in
evaluating the impact of tobacco-related interventions from the societal perspective. Because
many tobacco-related health policy decisions are made at a state or national level, detailed
information on the economic costs of cigarette smoking at both levels can be useful for
public health planners and policymakers. This study fills this evidence gap by providing

the 2018 cost estimates of morbidity-related productivity losses (absenteeism, presenteeism,
inability to work, and household productivity losses) attributable to cigarette smoking in
total and per person who smoked cigarettes aged =18 years (referred to as adults in the
remaining parts of this paper) in the U.S. and by state, including the District of Columbia
(referred to as state in the remaining parts of this paper). These estimates can be combined
with estimates of productivity loss because of premature mortality to inform the overall
productivity losses attributable to cigarette smoking.

METHODS
Study Sample

Measures

The data for this study came primarily from the 2014-2018 National Health Interview
Survey (NHIS). The NHIS is an annual, nationally representative, cross-sectional household
survey of the non-institutionalized U.S. civilian population.® Pooled NHIS data from 2014 to
2018 were used for an adequate sample for adults aged =18 years (N=83,046) who currently
smoke (7=13,638), formerly smoked (/7=17,133), and never smoked (/77=52,275) cigarettes.
Other data sources used in morbidity cost estimation have been provided in Appendix Table
1 (available online).

Cigarette smoking status (currently smoke, formerly smoked, or never smoked) was defined
using self-reported responses to these NHIS questions: (1) Have you smoked at least 100
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cilgarettes in your entire life? (2) Do you now smoke cigarettes every day, some days or not
at all?and (3) How long has it been since you quit smoking cigarettes? Aaults who currently
smoke cigarettes were those who smoked =100 cigarettes in their lifetime and smoked some
days or every day at the time of the interview. Adults who formerly smoked were defined as
having smoked at least 100 cigarettes in their lifetime but had quit smoking at the time of the
interview. Adults who never smoked were identified as those who reported smoking fewer
than 100 cigarettes in their lifetime.l

The cost of morbidity-related productivity losses attributable to cigarette smoking was
computed as the sum of the cigarette smoking—attributable costs from absenteeism and
presenteeism among those employed and inability to work and household productivity losses
regardless of person’s employment status. Absenteeism cost arises when employees miss
workdays because of illness. Presenteeism cost arises when employees become unproductive
while at work.4 The cost of inability to work reflects the lost productivity because of
disability. The cost of household productivity losses arises when people cannot perform
household services, such as cooking, cleaning, gardening, household management, and
caring for children or nonmarket production.

Statistical Analysis

Using the human capital approach,®10 the state-level costs of morbidity-related productivity
losses were estimated for all adults who currently or formerly smoked cigarettes compared
with those who never smoked. Because of data limitations, estimates of work loss days,
probability of inability to work, and people in bed days for each state were derived from
corresponding U.S. Census region—specific estimates. To value these losses, the state-level
age group- and sex-specific daily average earnings were used. The overall costs for the U.S.
were estimated as a sum of estimates across the states.

All the regression models for estimating outcomes using NHIS data are described below

by component, accounting for survey weights and controlling for sociodemographics,
health-related status, and survey year. Consistent with the literature,1:11 sociodemographic
variables included age, age squared, race/ethnicity (non-Hispanic White, non-Hispanic
Black, Hispanic, or non-Hispanic other [non-Hispanic Asian or non-Hispanic all other race
groups]), educational attainment (less than high school, high-school diploma or GED, some
college, or college and above), annual family income (<100%, 100% to <125%, 125% to
<200%, 200% to <400%, or =400% of the federal poverty level), occupation (management,
production, or service related), and marital status (married or cohabitating; never married;
or widowed, divorced or separated). Health-related variables included health insurance
coverage status (yes or no), receipt of influenza vaccine in the past 12 months (yes or

no), BMI (weight [kg]/height [meter]? categories: underweight [<18.5], normal weight [18.5
to <25], overweight [25 to <30], obese [>30]), and alcohol drinking status. Alcohol drinking
status was grouped using a recoded variable in NHIS: lifetime abstainer (<12 drinks in a
lifetime), former infrequent or regular drinker (=12 drinks in a lifetime but <12 in 1 year
and none in the past year), current light drinker (=12 drinks in a lifetime and <3 drinks per
week in the past year), current infrequent or moderate drinker (=12 drinks in a lifetime and
<12 drinks in the past year or >3 to 14 drinks per week [male] or >3 to 7 drinks per week
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[female]), or current heavy drinker (=12 drinks in a lifetime and >14 drinks [male] or >7
drinks [female] per week in the past year).12 All cost components were estimated by Census
region, age group-specific (18-24, 25-44, 45-64, 65-74, or =75 years), and sex-specific
categories using 2014-2018 NHIS data and then applied to states within each region.® The
approaches used to estimate each component by state are described below.

State-level absenteeism cost was estimated using age group— and sex-specific missed
workdays per adult who smoked cigarettes in a respondent’s corresponding Census region
attributable to cigarette smoking multiplied by the state-level age group— and sex-specific
daily earnings and the estimated number of state-level age group- and sex-specific employed
adults who smoked cigarettes. The number of missed workdays owing to cigarette smoking,
was estimated among adults who smoked (formerly or currently) compared with those who
never smoked at the region level, by age group and sex, using a standard negative binomial
model after specification tests for model selection and using Akaike information criterion
and Bayesian information criterion,13 controlling for the same set of covariates described
earlier (Appendix Table 2, available online). The state-level age group— and sex-specific
daily average earnings were calculated by dividing the corresponding 2018 average annual
earnings by 250, assuming 250 as the total workdays in a year.? The 2018 average annual
state-level earnings were obtained from the Current Population Survey Annual Social and
Economic Supplement.1* The earnings estimates used in the analysis include the 2018
earnings plus 22.4% fringe benefits.?15 The state-level age group— and sex-specific numbers
of adults who smoked (currently or formerly) cigarettes and were employed were obtained
by multiplying the corresponding region’s age group— and sex-specific employment rates
among adults who smoked cigarettes by the corresponding state-level age group— and sex-
specific number of adults. The region-level age group— and sex-specific employment rates
were estimated using 2014-2018 NHIS data.® The state-level age group— and sex-specific
numbers of adults who smoked cigarettes were estimated using the 2018 Behavioral Risk
Factors Surveillance System.16

The state-level age group- and sex-specific presenteeism costs attributable to cigarette
smoking were estimated among those who smoked (formerly or currently) compared with
that among those who never smoked and were estimated by multiplying the average number
of presenteeism days lost by the corresponding state-level age group- and sex-specific daily
earnings. The average number of presenteeism days lost was estimated by multiplying the
presenteeism rates by the total annual workdays after accounting for absenteeism days

(i.e., 250 minus estimated absenteeism days).® The presenteeism rates among adults, 1.68%
among those who currently smoke and 0.66% among those who formerly smoked cigarettes,
were derived from the literature* (Appendix Table 2, available onling).

The state-level age group- and sex-specific household productivity losses were estimated

by multiplying the days of household productivity losses by the daily value of household
production. The days of household productivity losses attributable to cigarette smoking were
estimated by the number of bed days per year because of illness or injuriesl®17 at the region
level by age group and sex using the same approach (negative binomial model) used for
estimating missed workdays (Appendix Table 2, available online). For those employed, sick
days in bed would also result in absenteeism days. However, although absenteeism cost
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measures labor-market productivity losses, the home productivity costs value nonmarket
production and do not result in double counting of costs.18 The average value of household
production per day was obtained from the Expectancy Data Economic Demographer’s “The
Dollar Value of a Day: 2018 Dollar Valuation.”19 Because the Expectancy Data reports the
average value of household production per day at the national level by age group and sex,
the Bureau of Labor Statistics state-to-national wage ratios2? were applied to estimate the
average value of household production for the corresponding state by the same age group
and sex.®

The state-level age- and sex-specific cost of inability to work was estimated by multiplying
the number of adults who smoked and were unable to work because of cigarette smoking-
related disability at the region-level by age group and sex by state-level annual earnings.

The number of people unable to work was estimated by multiplying the corresponding
region-level age group— and sex-specific cigarette smoking-attributable probability of being
unable to work owing to disability (Appendix Table 2, available online) by the state-level
age group- and sex-specific number of adults who smoked cigarettes. The region-level age
group- and sex-specific probability of being unable to work was estimated using a logistic
regression model using the 2014-2018 NHIS data, controlling for the same sets of covariates
used in the estimation of missed workdays.

The cost estimates were generated as total and per adult who smoked in the U.S. and by
state. The estimated costs were also generated as per capita adult population. All analyses
were conducted in 2021, using Stata, version 17 (StataCorp, LLC). Because the analysis was
based on secondary and deidentified data, an IRB review was not required.

RESULTS

The total cost of morbidity-related productivity losses attributable to cigarette smoking in
the U.S. in 2018 was $184.9 billion, including $105.9 billion for adults who currently
smoke and $79.0 billion for adults who formerly smoked (Table 1). Of the total morbidity
cost, absenteeism accounted for $9.4 billion (5.1%), presenteeism accounted for $46.8
billion (25.3%), home productivity accounted for $12.8 billion (6.9%), and inability to work
accounted for $116.0 billion (62.7%) (Table 1).

By state, the total cost ranged from $291 million in Wyoming to $16.9 billion in California,
with a median cost of $2.7 billion in Alabama (Table 1 and Figure 1). By cost component,
absenteeism cost ranged from $17 million in Vermont to $1.0 billion in California, with a
median cost of $135 million in Alabama; the presenteeism cost ranged from $86 million in
Wyoming to $4.9 billion in California, with a median cost of $653 million in Alabama; the
home productivity cost ranged from $24 million in Vermont to $1.4 billion in California,
with a median cost of $188 million in Oregon; and inability to work cost ranged from

$161 million in Wyoming to $10.3 billion in Texas, with the median cost of $1.7 billion in
Colorado. By morbidity component, costs were higher among adults who currently smoke
than among those who formerly smoked cigarettes (Table 1, Figure 1 and Appendix Table 3,
available online).
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The total annual morbidity costs per adult who smoked cigarettes in the U.S. in 2018 was
$1,938 (Table 1). Of this cost, absenteeism accounted for $98, presenteeism accounted for
$490, home productivity accounted for $134, and inability to work accounted for $1,216.
Total morbidity costs per adult who smoked cigarettes were $2,830 among those who
currently smoke compared with $1,363 among those who formerly smoked. By state, the
morbidity cost per adult who smoked cigarettes ranged from $1,363 in Idaho to $3,395 in
the District of Columbia, with a median cost of $1,879 in North Carolina. By component
and state, absenteeism costs per adult who smoked cigarettes ranged from $75 in Florida

to $164 in the District of Columbia, with the median cost of $98 in 4 states (Missouri,
Washington, New Hampshire, and Louisiana). Presenteeism cost per adult who smoked
cigarettes ranged from $382 in West Virginia to $822 in the District of Columbia, with the
median cost of $476 in Missouri. Home productivity cost per adult who smoked cigarettes
ranged from $105 in South Dakota to $239 in the District of Columbia, with the median cost
of $128 in Wyoming, Arizona, and West Virginia; and inability to work cost per adult who
smoked cigarettes ranged from $766 in Idaho to $2,170 in the District of Columbia, with

the median cost of $1,189 in Indiana. Across all components, average costs were higher for
those who currently smoke than for those who formerly smoked cigarettes (Table 1, Figure 2
and Appendix Table 4, available online).

The state-level median annual morbidity cost per capita adult population in the U.S. in 2018
was $748. By state, the total annual morbidity costs per capita in the adult population ranged
from $429 to $1,099 (Appendix Table 5, available online).

DISCUSSION

This study is the first to provide comprehensive cost estimates of the cigarette smoking-
attributable morbidity-related productivity losses in the U.S. and by state. The estimated cost
in 2018 is $184.9 (95% prediction intervals: $125.6-$244.3) billion. This cost is larger than
the average annual cost of productivity losses because of premature death attributable to
cigarette smoking of $151 billion in 2007 ($180 billion in 2018 dollars).2 Accounting for
the cost of morbidity-related productivity losses attributable to cigarette smoking, the recent
estimates of healthcare spending attributable to cigarette smoking of $226.7 billion in 2014
($241.4 billion in 2018 dollars),! and the cost of premature mortality-related productivity
losses attributable to cigarette smoking,? the economic cost of cigarette smoking in the U.S.
exceeded $600 billion in 2018.

Overall and the average costs across all components were consistently higher for those
who currently smoke cigarettes than for those who formerly smoked cigarettes, which

is consistent with previous literature.* This difference by smoking status highlights the
benefits of quitting and cessation interventions. However, persons who quit because of
adverse health events, which is the major predictor of smoking cessation,*21:22 and persons
who quit proactively can be different in terms of length of quitting. Hence, the difference

in productivity losses between adults who currently smoke and formerly smoked may
underestimate the benefits of cessation interventions.
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The morbidity cost of cigarette smoking is also large at the state level, with a median
morbidity cost of $2.7 billion in 2018, ranging from $291 million to $16.9 billion. As
expected, total morbidity cost was higher in larger or more populous states and lower

in smaller or less populous states?3 and does not necessarily reflect smoking prevalence
in those states. The higher morbidity cost in certain states was driven by higher average
earnings. By morbidity component, costs were largest for inability to work, followed

by presenteeism, absenteeism, and home productivity. The higher presenteeism cost than
absenteeism cost is consistent with previous findings.*

The cost per adult who smoked cigarettes varied across states (ranging from $1,363 to
$3,395). In general, morbidity cost per adult who smoked cigarettes was higher in states
with higher per capita earnings.1* The state-level estimated median absenteeism days, that
is, 0.90 and 0.34 days annually for those who currently and formerly smoked cigarettes,
respectively (Appendix Table 2, available online), are comparable with previous findings
that ranged from 1.07 to 2.60 and from 0.28 to 1.35 days for persons who currently and
formerly smoked cigarettes in the U.S., respectively.4-6:24.25

These study findings are subject to some limitations. The identification of smoking status

is subject to recall bias because responses were self-reported and not biochemically
validated. However, self-reported smoking status correlates highly with serum cotinine
levels.26 This study used average earnings to estimate productivity losses, but average
earnings are likely to be lower among those who smoked than among those who never
smoked,2” and average earnings can vary by education or employment type. However, this
information was not available. There may have been uncontrolled confounding of other
factors such as illicit drug use and abuse not accounted for by the sociodemographic and
health-related factors controlled for in the models, which may lead to overestimation of
productivity losses. Furthermore, the human capital approach used in this study likely
overestimated the productivity losses in comparison with the friction cost approach, which
estimates productivity losses as the short-term lost worker replacement costs.28 The use of
respondent’s disability as the main reason for not working in the last week as a proxy for
estimating the probability of inability to work may have led to an overestimation of the cost
of inability to work. This study also did not consider the value of the time spent on smoking
breaks and the cost of informal care,2® resulting in an underestimation of total productivity
losses.

CONCLUSIONS

The cost of morbidity-related productivity losses attributable to cigarette smoking overall
and by individual component poses a substantial burden in the U.S. and in each state

in 2018. Both overall and component-specific costs varied by state. These estimates can
provide policymakers and planners a better understanding of morbidity-related productivity
losses attributable to cigarette smoking, an important component of the overall economic
cost of cigarette smoking. These estimates can also provide useful information for better
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planning and evaluation of interventions designed to reduce cigarette smoking at both the
state and national levels.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Total annual morbidity-related productivity losses (billions, 2018 $) attributable to cigarette

smoking, U.S. state.
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Annual morbidity-related productivity losses (2018 $) attributable to cigarette smoking, per
adult who smoked, U.S. state.
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