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Introduction: Information on morbidity-related productivity losses attributable to cigarette smok-
ing, 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 pro-
ductivity losses (absenteeism, presenteeism, household productivity, and inability to work) attribut-
able 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 (presen-
teeism), 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 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.
Am J Prev Med 2022;000(000):1−8. Published by Elsevier Inc. on behalf of American Journal of Preventive Medi-
cine.
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The economic cost of cigarette smoking exceeds
$300 billion annually in the U.S., including
>$225 billion for direct healthcare spending1

and >$156 billion in productivity losses attributable to
premature mortality from smoking and exposure to sec-
ond-hand smoke.2 However, smoking-attributable pro-
ductivity losses are often underestimated because they
do not account for morbidity-related productivity
losses.2 The few studies that have estimated the absen-
teeism and/or presenteeism costs attributable to cigarette
smoking are either dated or are limited to selected
employers at the national level.3−7 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 com-
ponents of morbidity-related productivity losses (absen-
teeism, presenteeism, inability to work, and household
productivity losses) for all the states.
Morbidity-related productivity loss attributable to cig-

arette smoking is a key component of total economic
costs attributable to cigarette smoking and thus is
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important to include in evaluating the impact of
tobacco-related interventions from the societal perspec-
tive. Because many tobacco-related health policy deci-
sions 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
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.8 Pooled NHIS data
from 2014 to 2018 were used for an adequate sample for adults
aged ≥18 years (N=83,046) who currently smoke (n=13,638), for-
merly smoked (n=17,133), and never smoked (n=52,275) ciga-
rettes. Other data sources used in morbidity cost estimation have
been provided in Appendix Table 1 (available online).

Measures
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 cigarettes 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? Adults 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 ciga-
rettes 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.1

The cost of morbidity-related productivity losses attributable to
cigarette smoking was computed as the sum of the cigarette smok-
ing‒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. Presen-
teeism 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,9,10 the state-level costs of mor-
bidity-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 sta-
tus, and survey year. Consistent with the literature,1,11 sociodemo-
graphic 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), occupa-
tion (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]2 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 vari-
able 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), cur-
rent 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 [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.9

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 cig-
arette 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) com-
pared 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 informa-
tion 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
www.ajpmonline.org



Table 1. Annual Morbidity-Related Productivity Losses (2018 $) Attributable to Cigarette Smoking, U.S.

Cost category/
cigarette smoking status U.S. total

State total (millions, $)
U.S. average ($)a

State average ($)a

(millions, $) Median Min Max Median Min Max

Total morbidityb

Currently or formerly smoked 184,912
(125,625−244,254)

2,697
AL

291
WY

16,946
CA

1,938
(1,317−2,561)

1,879
NC

1,363
ID

3,395
DC

Currently smoke 105,870
(80,609−131,128)

1,580
CO

158
VT

9,034
TX

2,830
(2,155−3,506)

2,707
CA

1,996
ID

4,974
DC

Formerly smoked 79,042
(45,016−113,126)

1,021
AL

119
WY

8,268
CA

1,363
(776−1,951)

1,317
TN

959
ID

2,342
DC

Absenteeismc

Currently or formerly smoked 9,354
(4,048−14,660)

135
AL

17
VT

1,004
CA

98
(42−154)

98
LA, WA, NH, MO

75
FL

164
DC

Currently smoke 6,661
(3,508−9,813)

99
AL

11
VT

682
CA

178
(94−262)

179
NM, OR

117
MS

285
DC

Formerly smoked 2,693
(540−4,847)

37
CT

6
AK

322
CA

46
(9−84)

45
MA, IL, GA, AK, AZ

30
ME, MI

84
DC

Presenteeismd

Currently or formerly smoked 46,757
(46,477−47,033)

653
AL

86
WY

4,878
CA

490
(487−493)

476
MO

382
WV

822
DC

Currently smoke 30,510
(30,307−30,711)

458
AL

49
VT

2,939
CA

816
(810−821)

785
OH, OR

559
WV

1,338
DC

Formerly smoked 16,246
(16,170−16,323)

227
OR

29
WY

1,938
CA

280
(279−281)

266
OH, OR

197
MS

478
DC

Home productivitye

Currently or formerly smoked 12,791
(7,163−18,420)

188
OR

24
VT

1,354
CA

134
(75−193)

128
WY, AZ, WV

105
SD

239
DC

Currently smoke 6,759
(4,438−9,079)

106
CO

10
VT

594
CA

181
(119−243)

173
HI

138
SD

343
DC

Formerly smoked 6,033
(2,725−9,340)

82
CT

11
WY

760
CA

104
(47−161)

97
NV

80
SD

170
DC

Inability to workf

Currently or formerly smoked 116,010
(67,937−164,141)

1,686
CO

161
WY

10,314
TX

1,216
(712−1,721)

1,189
IN

766
ID

2,170
DC

Currently smoke 61,941
(42,356−81,525)

863
AZ

87
VT

5,671
TX

1,656
(1,132−2,180)

1,573
IA, SD

1,014
ID

3,008
DC

Formerly smoked 54,069
(25,581−82,616)

708
AL

73
WY

5,248
CA

932
(441−1,425)

899
OK

595
NM

1,611
DC

Note: Values in parentheses are 95% prediction intervals calculated on the basis of 95% CIs of regression-based estimates.
aPer adult who smoked cigarettes.
bTotal morbidity costs attributable to cigarette smoking were computed as the sum of the absenteeism, presenteeism, household productivity, and
inability to work costs. The total morbidity cost per adult who smoked cigarettes was computed by dividing the total morbidity cost by the number of
adults who smoked cigarettes.
cAbsenteeism costs attributable to cigarette smoking were computed by multiplying the total missed workdays attributable to cigarette smoking by
daily earnings. A standard negative binomial regression, which controlled for sociodemographic factors, was used with the 2014−2018 NHIS data
to estimate the missed workdays attributable to cigarette smoking. Daily earnings were computed by dividing annual earnings, available from the
CPS Table Creator, by 250 days. The total absenteeism cost per adult who smoked cigarettes was computed by dividing the total absenteeism cost
by the number of adults who smoked cigarettes.
dPresenteeism costs attributable to cigarette smoking were computed by multiplying the total presenteeism days (250 days minus missed workdays
among adults who smoked cigarettes obtained from the 2014−2018 NHIS data) by daily earnings. To estimate presenteeism days per adult who
smoked cigarettes, the authors assumed a 1.685% presenteeism rate for adults who currently smoke cigarettes and a 0.66% presenteeism rate for
adults who formerly smoked cigarettes, per Bunn et al. (2006).4 The presenteeism cost per adult who smoked was computed by dividing the total
presenteeism cost by the number of adults who smoked cigarettes.
eHome productivity costs attributable to cigarette smoking were computed by multiplying the total number of bed days attributable to cigarette smok-
ing by the dollar value of housework, available from the 2018 Expectancy Data. A standard negative binomial regression, which controlled for socio-
demographic factors, was used with the 2014−2018 NHIS data to estimate the number of bed days attributable to cigarette smoking. The home
productivity cost per adult who smoked a cigarette was computed by dividing the total home productivity cost by the number of adults who smoked
cigarettes.
fInability to work costs attributable to cigarette smoking were computed by multiplying the total number of adults who smoked cigarettes and who
were unable to work by annual earnings. A logistic regression model, which controlled for sociodemographic factors, was used with the 2014−2018
NHIS data to estimate the percentage of adults who smoked cigarettes and who were unable to work or the total number of adults who smoked a cig-
arette and were unable to work. The inability to work cost per adult who smoked cigarettes was computed by dividing the total inability to work cost by
the number of adults who smoked cigarettes.
AK, Alaska; AL, Alabama; AZ, Arizona; CA, California; CO, Colorado; CPS, Current Population Survey; CT, Connecticut; DC, District of Columbia; FL, Flor-
ida; GA, Georgia; HI, Hawaii; IA, Iowa; ID, Idaho; IL, Illinois; IN, Indiana; LA, Louisiana; MA, Massachusetts; Max, maximum; ME, Maine; MI, Michigan;
Min, minimum; MO, Missouri; MS, Mississippi; NC, North Carolina; NH, New Hampshire; NHIS, National Health Interview Survey; NM, New Mexico;
NV, Nevada; OH, Ohio; OK, Oklahoma; OR, Oregon; SD, South Dakota; TN, Tennessee; TX, Texas; VT, Vermont; WA, Washington; WV, West Virginia.
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workdays in a year.9 The 2018 average annual state-level earnings
were obtained from the Current Population Survey Annual Social
and Economic Supplement.14 The earnings estimates used in the
analysis include the 2018 earnings plus 22.4% fringe benefits.9,15

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.8 The state-level age group− and sex-specific numbers of
adults who smoked cigarettes were estimated using the 2018 Behav-
ioral 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 account-
ing for absenteeism days (i.e., 250 minus estimated absenteeism
days).9 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 literature4 (Appendix
Table 2, available online).

The state-level age group− and sex-specific household pro-
ductivity losses were estimated by multiplying the days of
household productivity losses by the daily value of household
production. The days of household productivity losses attrib-
utable to cigarette smoking were estimated by the number of
bed days per year because of illness or injuries10,17 at the
region level by age group and sex using the same approach
(negative binomial model) used for estimating missed work-
days (Appendix Table 2, available online). For those
employed, sick days in bed would also result in absenteeism
days. However, although absenteeism cost 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 Demogra-
pher’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 ratios20 were applied to estimate the average value of
household production for the corresponding state by the same
age group and sex.9

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 dis-
ability at the region-level by age group and sex by state-level
annual earnings. The number of people unable to work was esti-
mated 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, avail-
able 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 con-
ducted 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 for-
merly smoked (Table 1). Of the total morbidity cost,
absenteeism accounted for $9.4 billion (5.1%), presen-
teeism accounted for $46.8 billion (25.3%), home pro-
ductivity 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 presentee-
ism 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 bil-
lion 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).
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 cig-
arettes 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
www.ajpmonline.org



Figure 1. Total annual morbidity-related productivity losses (billions, 2018 $) attributable to cigarette smoking, U.S. state.
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(Missouri, Washington, New Hampshire, and Louisi-
ana). Presenteeism cost per adult who smoked cigarettes
ranged from $382 in West Virginia to $822 in the Dis-
trict of Columbia, with the median cost of $476 in Mis-
souri. 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 Colum-
bia, 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 cap-

ita 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 esti-
mates 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 inter-
vals: $125.6−$244.3) billion. This cost is larger than the
average annual cost of productivity losses because of pre-
mature death attributable to cigarette smoking of $151
billion in 2007 ($180 billion in 2018 dollars).2 Account-
ing for the cost of morbidity-related productivity losses
attributable to cigarette smoking, the recent estimates of
healthcare spending attributable to cigarette smoking of



Figure 2. Annual morbidity-related productivity losses (2018 $) attributable to cigarette smoking, per adult who smoked, U.S.
state.
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$226.7 billion in 2014 ($241.4 billion in 2018 dollars),1

and the cost of premature mortality-related productivity
losses attributable to cigarette smoking,2 the economic
cost of cigarette smoking in the U.S. exceeded $600 bil-
lion 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 ciga-
rettes, which is consistent with previous literature.4 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,4,21,22 and persons
who quit proactively can be different in terms of length
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of quitting. Hence, the difference in productivity losses
between adults who currently smoke and formerly
smoked may underestimate the benefits of cessation
interventions.
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
states23 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 com-
ponent, costs were largest for inability to work, followed by
presenteeism, absenteeism, and home productivity. The
higher presenteeism cost than absenteeism cost is consis-
tent with previous findings.4

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.14 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

Limitations
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 biochemi-
cally 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,27

and average earnings can vary by education or employ-
ment 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 overesti-
mation 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 work-
ing in the last week as a proxy for estimating the proba-
bility 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,28

resulting in an underestimation of total productivity
losses.

CONCLUSIONS

The cost of morbidity-related productivity losses attrib-
utable 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 policy-
makers and planners a better understanding of morbid-
ity-related productivity losses attributable to cigarette
smoking, an important component of the overall eco-
nomic cost of cigarette smoking. These estimates can
also provide useful information for better planning and
evaluation of interventions designed to reduce cigarette
smoking at both the state and national levels.
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