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Cigarette Tax Increase 
and Infant Mortality
Stephen W. Patrick, MD, MPH, MS,a,b,c,d Kenneth E. Warner, PhD,e Elisabeth 
Pordes, MD, MPH,a,c Matthew M. Davis, MD, MAPPe,f,g,h

abstractBACKGROUND AND OBJECTIVE: Maternal smoking increases the risk for preterm birth, low birth 
weight, and sudden infant death syndrome, which are all causes of infant mortality. Our 
objective was to evaluate if changes in cigarette taxes and prices over time in the United 
States were associated with a decrease in infant mortality.
METHODS: We compiled data for all states from 1999 to 2010. Time-series models were 
constructed by infant race for cigarette tax and price with infant mortality as the outcome, 
controlling for state per-capita income, educational attainment, time trend, and state 
random effects.
RESULTS: From 1999 through 2010, the mean overall state infant mortality rate in the United 
States decreased from 7.3 to 6.2 per 1000 live births, with decreases of 6.0 to 5.3 for non-
Hispanic white and 14.3 to 11.3 for non-Hispanic African American infants (P < .001). Mean 
inflation-adjusted state and federal cigarette taxes increased from $0.84 to $2.37 per pack 
(P < .001). In multivariable regression models, we found that every $1 increase per pack 
in cigarette tax was associated with a change in infant deaths of −0.19 (95% confidence 
interval −0.33 to −0.05) per 1000 live births overall, including changes of −0.21 (−0.33 to 
−0.08) for non-Hispanic white infants and −0.46 (−0.90 to −0.01) for non-Hispanic African 
American infants. Models for cigarette price yielded similar findings.
CONCLUSIONS: Increases in cigarette taxes and prices are associated with decreases in infant 
mortality rates, with stronger impact for African American infants. Federal and state 
policymakers may consider increases in cigarette taxes as a primary prevention strategy 
for infant mortality.
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WHAT’S KNOWN ON THIS SUBJECT: Cigarette use 
is common in pregnancy and associated with poor 
outcomes. Higher cigarette taxes are associated 
with lower rates of smoking in pregnancy and 
improvement in some birth outcomes; however, 
no US study has evaluated their impact on infant 
mortality.

WHAT THIS STUDY ADDS: Increases in cigarette 
taxes are associated with decreases in infant 
mortality in the United States, with a stronger effect 
among non-Hispanic African American infants. 
Policymakers may consider cigarette tax increases 
as a primary prevention strategy for infant 
mortality.
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Tobacco is the leading preventable 
cause of disease, disability, and death 
in the United States, accounting for 
one-fifth of all US deaths and an 
estimated $300 billion annually in 
national health care expenditures 
and lost worker productivity.1 
Nevertheless, cigarette use, the most 
common form of tobacco used in the 
United States, remains widespread 
among all US populations, including 
pregnant women. In 2012, 24% 
of women of childbearing age and 
15% of pregnant women smoked 
cigarettes.2 Rates of cigarette use 
in pregnancy have been reported 
to be higher among those with low 
education,3 those lacking access to 
health care before pregnancy,4 and 
those living in poverty.3 Cigarette 
use in pregnancy is associated 
with a myriad of complications 
for the infant, including low birth 
weight,1,5 premature birth,1,5,6 birth 
defects,1,5,7 and sudden infant death 
syndrome1,5,8: the leading causes of 
infant mortality.9

Given the consequences for mothers 
and infants of maternal cigarette 
use, reducing the proportion of 
women who smoke in pregnancy 
is a prominent public health goal. 
In 2014, a report from the US 
Surgeon General noted, “reducing 
the prevalence of smoking among 
pregnant women and women of 
reproductive age remains a critical 
component of public health efforts to 
improve maternal and child health.”1 
Healthy People 2020 includes an 
objective to increase the proportion 
of pregnant women who abstained 
from smoking cigarettes to improve 
maternal and infant outcomes.10

Taxation of cigarettes is a public 
health tool used to reduce smoking 
at a population level.11 Results from 
several studies in the medical and 
economic literature demonstrated 
that increased cigarette prices 
and taxes led to reduced smoking 
rates among pregnant women,12,13 
increased pregnancy quit rates,13 
and increased smoke-free time in the 

postnatal period.13 Despite evidence 
that pregnant smokers change 
behavior in response to cigarette 
prices, data linking cigarette taxes 
and price directly to infant outcomes 
are evident in only a few studies 
that link increases in cigarette tax 
to higher birth weight and reduced 
deaths attributed to sudden infant 
death syndrome.8,14,15 In Canada, 
higher excise taxes on cigarettes have 
been correlated with subsequent 
decreases in infant mortality, but 
with substantially greater increases 
in taxes over time than have been 
applied in the United States.16

No study has evaluated the 
association of cigarette tax policies 
and overall infant mortality in 
the United States. Our study uses 
publicly available data to determine 
the association of cigarette tax and 
price with infant mortality in the 
United States. We hypothesized 
that increases in cigarette taxes 
and prices would decrease infant 
mortality at the state level.

METHODS

Overall Analytic Approach

We based our analysis on a 
conceptual model of state and time 
factors that may be associated with 
both the outcome (infant mortality) 
and the key predictors of interest 
(cigarette tax and price per pack). 
As both cigarette use and infant 
mortality are associated with 
race,17 poverty,3 and educational 
attainment,3 we considered these 
variables as important potential 
confounders. As an analysis of 
de-identified, publicly available 
data, this study was considered 
exempt from human subjects review 
by the institutional review board 
of Vanderbilt University School of 
Medicine.

Covariates

Data for cigarette taxes and prices 
were obtained from The Tax Burden 
on Tobacco: Historical Compilation 

for the years 1999 to 2010.18 These 
data are compiled annually by survey 
of retailers and have been used 
in numerous analyses of tobacco 
tax.15,19,20 We used nongeneric 
pricing of a pack of cigarettes 
because available data indicate that 
nongeneric cigarettes are purchased 
by most smokers.21 State tax data 
were obtained for each state and 
the District of Columbia and were 
combined with federal cigarette tax 
to generate the total cigarette tax 
for each state. Data for educational 
attainment were obtained from 
an adaptation of the US Census 
Bureau Current Population Survey 
March supplement,22,23 defined as 
the proportion of adults within a 
state with a college degree. Data 
for state per-capita income were 
obtained from the US Department 
of Commerce24 and prepared by the 
Bureau of Business and Economic 
Research at the University of New 
Mexico.25 Data for tax, price, and per-
capita income were adjusted to 2010 
US$ by using the Consumer Price 
Index.26

Outcome

Infant mortality is defined as death 
before 1 year of age. Given racial 
disparities in infant mortality rates 
in the United States, we included 
data regarding overall state infant 
mortality and also specifically 
by race for non-Hispanic white 
(hereafter: white) and non-Hispanic 
African American (hereafter: 
African American) infants for each 
state. These data were obtained 
from the Centers for Disease 
Control and Prevention by using 
the Wide-Ranging Online Data for 
Epidemiologic Research system. For 
any race category with fewer than 
10 deaths in a state in a given year, 
the Centers for Disease Control and 
Prevention suppresses the data.

Data Analysis

In the first phase of our analysis, 
we generated descriptive statistics 
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and evaluated bivariate associations 
between our predictors and infant 
mortality. We determined if any 
of our data contained missing 
observations. Data for infant 
mortality were missing for <0.5% of 
state-year combinations for overall 
and white infant mortality rates; 
however, African American infant 
mortality data were missing for 
25% of state-year combinations due 
to data being suppressed for <10 
observations occurring in a given 
state-year combination.

Next, we developed time-series 
multivariable regression models, 
accounting for repeated observations 
across years, at the state level. 
Regression models were stratified 
by race, with each controlling for 
inflation-adjusted mean per-capita 
income, educational attainment, 
and state random effects.27 State 
random effects were used to control 
for factors that may change over 
time across states (eg, cultural 
beliefs about smoking). We tested 
effect modification of time × price 
and time × tax, neither of which was 
significant; therefore, they were 
not included in our models. We 
then evaluated if there was a 1-year 

lagged association between cigarette 
tax and price changes and infant 
mortality changes; nonlagged models 
were superior to lagged models, 
so we present nonlagged models 
and include the lagged models in 
Supplemental Table 3. All analyses 
were conducted by using Stata 
version 13.1 (Stata Corp, College 
Station, TX).

RESULTS

From 1999 through 2010, the mean 
state infant mortality rate decreased 
for all study groups: for infants 
overall from 7.3 to 6.2 per 1000 
births; for African American infants 
from 14.3 to 11.3 per 1000 births; 
for white infants from 6.0 to 5.3 per 
1000 births. Over the same period, 
mean inflation adjusted state per-
capita income and college graduation 
rates increased (Table 1).

Throughout the study period, the 
African American infant mortality 
rate remained more than twice as 
high as the white infant mortality 
rate overall (Fig 1). In 2010, the 
infant mortality rates varied 
substantially by state, with Alaska 
having the lowest rate of 3.6 and 

Mississippi having the highest at 9.6 
(Fig 2).

During the study period, the state 
mean inflation-adjusted cigarette 
tax (state + federal) increased from 
$0.84 to $2.37 expressed in 2010 
US$ (Table 1; Fig 3). There was 
substantial state-to-state variation 
in cigarette taxes in all study years; 
in 2010, South Carolina had the 
lowest state cigarette tax ($0.07 
per pack), whereas Rhode Island 
had the highest ($3.46 per pack) 
(Supplemental Fig 4A). Mean state 
cigarette prices increased as taxes 
increased (Table 1; Fig 3), with 
similar state-to-state variation 
(Supplemental Fig 4B).

After adjusting for year, educational 
attainment, mean inflation-adjusted 
per-capita income, and state 
random effects, we found that 
every $1 increase in cigarette tax 
per pack (expressed in 2010 US$) 
was associated with a change in 
infant mortality rate of −0.19 (95% 
confidence interval [CI] −0.33 to 
−0.05) in the population overall. 
For African American infants, a $1 
increase in cigarette tax per pack 
was associated with a change in the 
infant mortality rate of −0.46 (95% 
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TABLE 1 �Mean Cigarette Taxes and Prices per Pack, Per-Capita Income, Overall Infant Mortality Rate, Non-Hispanic African American Infant Mortality Rate, 
and Non-Hispanic White Infant Mortality Rate: United States, 1999–2010

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Mean cigarette tax  
  per pack, 2010 US$a

0.84 0.96 0.93 1.06 1.25 1.30 1.38 1.42 1.48 1.55 2.28 2.37

Mean cigarette price  
  per pack, 2010 US$

4.05 4.20 4.43 4.80 4.87 4.83 4.87 4.78 4.92 4.93 5.97 6.19

Mean per-capita  
  income, 2010 US$

35 632 36 832 36 815 37 134 37 392 37 831 38 665 39 300 40 675 40 937 38 971 39 468

Mean college  
  graduation rate, %

16.1 16.3 16.4 17.2 17.4 17.5 18.0 17.9 17.9 18.1 18.2 18.5

Mean overall infant  
 � mortality rate, per  

1000 births

7.3 7.2 7.0 7.1 6.9 6.9 7.1 6.8 7.1 6.7 6.6 6.2

Mean Non-Hispanic  
 � African American  

infant mortality rate,  
per 1000 births

14.3 13.7 13.6 14.0 13.3 13.0 13.3 13.4 13.1 12.5 12.4 11.3

Mean Non-Hispanic  
 � White Infant  

Mortality Rate (per  
1000 births)

6.0 6.0 6.0 6.0 5.8 5.8 5.9 5.7 5.9 5.6 5.5 5.3

All dollars adjusted to 2010 US$.
a Includes state and federal cigarette tax.
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CI −0.90 to −0.01), whereas for white 
infants the change in infant mortality 
was −0.21 (95% CI −0.33 to −0.08) 
(Table 2).

In analyses of changes in cigarette 
prices, the outcomes were similar. 
With every $1 increase in cigarette 
price per pack, there was a change in 
infant mortality rates of −0.19 (95% 
CI −0.30 to −0.09) overall, −0.35 
(95% CI −0.68 to −0.01) for African 
American infants, and −0.20 (95% 
CI −0.29 to −0.11) for white infants 
(Table 2).

DISCUSSION

We found that higher cigarette taxes 
and prices in the United States were 
associated with lower rates of infant 
mortality, even after accounting for 

potential confounding factors, such 
as education and income. Although 
consumers make purchase decisions 
based on price, we found that 
changes in cigarette tax and price 
had very similar impact on infant 
mortality. Increases in cigarette taxes 
are the primary mechanism available 
to policymakers to increase cigarette 
price, to achieve improvements in 
population health. Given our findings 
and more than 3.93 million births 
annually in the United States,28 a $1 

4

increase in cigarette tax nationwide 
would be expected to result in 750 
fewer infant deaths per year, or a 
3.2% reduction in infant mortality.

Increases in cigarette taxes are 
known to decrease smoking in 
pregnancy and improve fetal 
outcomes in US studies.8,14,15,20,29,30 
Although a study of Canadian excise 
taxes on cigarettes indicated that 
higher taxes were associated with 
a lower infant mortality rate at the 

provincial level,16 many Canadian 
provinces increased their excise 
taxes substantially more than most 
states implemented during our 
study period, which limits the direct 
comparability of our findings to those 
from Canada. To our knowledge, 
our study is the first to investigate 
the direct association between 
cigarette taxes and infant mortality 
in the United States and to include 
a focus on disparities in mortality 

FIGURE 1
State mean overall, non-Hispanic African American, and non-Hispanic white infant mortality rates: 
United States, 1999–2010.

FIGURE 2
Variation in infant mortality rates across states and over time: United States, 1999 and 2010.



PEDIATRICS Volume 137, number 1, January 2016

for children of different races, a 
continuing major policy concern.

Overwhelming evidence indicates 
that tobacco control policies have 
been effective in limiting tobacco 
consumption11,31 and preventing 
death from their use.11,32 Cigarette 
taxes with subsequent increases 
in cigarette price prevent smoking 
initiation, decrease consumption, and 
encourage cessation.33 The impact of 
tobacco taxes on behavioral smoking 
changes is most significant among 
younger individuals and populations 
with lower socioeconomic status,34 
which makes smoking cessation 
especially relevant among pregnant 
women. Sensitivity to cigarette tax 
and price also differs across racial/
ethnic groups, with non-Hispanic 
African American and Hispanic 
smokers more likely to reduce 
smoking with increase in cigarette 
price.35 Our findings are consistent 
with this previous literature, in 
that the effect sizes for changes in 
cigarette taxes and prices on infant 
mortality for African American 
infants are larger than for white 
infants.

Importantly, in an investigation of 
the differential effects of cigarette 

taxes on white versus black pregnant 
women, Hawkins and Baum20 failed 
to find a difference in smoking 
cessation rates when analyses were 
stratified by education. Our findings 
of a differential improvement 
in infant mortality for African 
American infants, when controlling 
for education, diverge from those 
of Hawkins and Baum,20 although 
limitations in our aggregate state-
level data prevented us from 
modeling outcomes by using the 
same approach. The interplay of race 
and education in infant mortality, 
with respect to the impact of 
cigarette taxation, merits further 
investigation.

State and Federal Proposals

Analogous to the association 
between taxes and infant mortality, 
we found a strong association 
between increases in cigarette prices 
and infant mortality. In states in 
which increases in cigarette taxes 
may be politically untenable, state 
legislatures are turning to novel 
means to increase cigarette prices. 
For example, this year the Tennessee 
General Assembly passed a bill to 
increase the retail price of cigarettes, 

5

FIGURE 3
Mean inflation-adjusted cigarette state tax, federal tax, and price: United States, 1999–2010. All 
data expressed in 2010 US$, per pack of cigarettes. Note: Children’s Health Insurance Program 
Reauthorization Act (CHIPRA; 2009) increased federal tobacco tax from $0.39 to $1.01 per pack.
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creating a mandatory increase in 
profit margin, without increasing the 
state’s cigarette tax.36 Our findings 
suggest that an increase in cigarette 
price, regardless of the rationale, will 
improve infant outcomes. Increases 
in federal cigarette tax have also been 
proposed. In President Obama’s fiscal 
year 2016 budget, a $0.94 cigarette 
tax increase was proposed to cover 
the costs of preschool for all 4-year-
olds, improvements in Head Start, 
and home visitation.37 Importantly, 
nurse home visitation has been 
shown to be effective in preventing 
maternal and infant mortality among 
some populations.38

Limitations

As a study of state-level policy 
changes in cigarette taxes and prices, 
our data were not compiled at the 
individual level; therefore, we were 
not able to incorporate potentially 
important individual-level variables 
(eg, infant gender, gestational age, 
mother’s smoking status during 
pregnancy) in our analyses. For our 
analysis, we chose the perspective of 
state and federal policymakers that 
is typically informed by aggregate 
rather than individual-level data. 
Importantly, other recent studies 
using individual-level data found that 
increases in cigarette tax decrease 
cigarette smoking in pregnancy30 
and improve infant outcomes,15 and 
these individual-level findings serve 
as the conceptual grounding for our 
work. A further limitation is that even 
though we attempted to control for 
important confounders, including 
education, income, and state random 
effects, residual confounding remains 
a possibility. In addition, each 
data source has its own potential 

limitations. For example, within-
state variation in cigarette price 
may not be captured in surveys 
conducted for The Tax Burden on 
Tobacco: Historical Compilation.18 
Next, given that our study was at the 
state level, increases in city cigarette 
taxes would not be captured. The 
extent to which within-state variation 
may have influenced our findings 
is not known and likely merits 
further investigation as a source of 
potential approaches to reducing 
infant mortality. Further, although 
our empirical analysis provides a 
robust assessment of the association 
between tobacco taxes and infant 
mortality over several years, the 
magnitude of the association will 
not necessarily remain the same 
in the future, or for tax increases 
larger than those that have been 
implemented to date. Thus it is 
possible that the impact of a $1 per 
pack tax increase might be slightly 
smaller or larger than what we have 
estimated. The important point is the 
qualitative conclusion that results 
from our quantitative analysis, which 
is not likely subject to variation 
due to small changes in price 
responses; increases in cigarette 
taxes will be expected to decrease 
infant mortality. The current study 
design precludes us from measuring 
potential unintended negative effects 
that increases in tobacco taxes may 
have during pregnancy (eg, for 
women who continue to purchase 
tobacco at higher prices, they will 
have less disposable income to 
purchase other goods and services, 
possibly including some necessities). 
Similarly, we are not able to assess 
additional benefits that women who 
quit smoking will derive (eg, they 

will have more disposable income 
available to purchase other goods 
and services).

CONCLUSIONS

We find a strong association between 
higher cigarette taxes and decreases 
in infant mortality, with implications 
for a potential reduction of 750 
infant deaths per year nationwide, 
or an average of 2 infant deaths 
averted per day, for every $1 in tax 
increase per pack. In the context of 
published literature demonstrating 
that cigarette taxes decrease prenatal 
smoking and improve fetal outcomes 
at the individual level, our findings 
provide further evidence that this 
important tobacco control policy 
has merit to improve maternal 
and infant health at the population 
level. Further, our findings imply 
that higher cigarette taxes can 
play an important role in closing 
the infant mortality disparity gap 
between African American and 
white infants in the United States. As 
policymakers consider future steps to 
improve infant mortality and reduce 
disparities, increases in cigarette 
taxes represent an increasingly 
evidence-based approach.
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