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ABSTRACT
Background Incarceration is simultaneously a public
health opportunity and a public health concern. We
examined the association between maternal/partner
incarceration in the year prior to birth and perinatal
smoking.
Methods We pooled 2006–2010 data from the Centers
for Disease Control and Prevention’s Pregnancy Risk
Assessment and Monitoring System. Controlling for age,
race/ethnicity, education, marital status and other
stressors, we assessed prevalence and heaviness of
perinatal smoking.
Findings Women who reported incarceration of
themselves or their partners in the year prior to delivery
were more likely to smoke during the last trimester of
pregnancy (adjusted OR (AOR) 1.51 (95% CI 1.36 to
1.67)), and they were more likely to smoke more than 10
cigarettes a day compared to smokers who did not report
incarceration (AOR 1.35 (95% CI 1.10 to 1.65)). Patterns
were similar for the 3 months prior to pregnancy and
postbirth smoking.
Conclusions Incarceration of a parent in the 12 months
before birth is associated with increased risk of fetal and
newborn exposure to smoking. The criminal justice system
can be utilised by public health practitioners to target
perinatal smoking reduction interventions.

INTRODUCTION
The USA has come to rely on incarceration as the
response to a wide array of non-violent offences that
are much less likely, in other countries, to result in
imprisonment. As a result, a large number of high-
risk families come into contact with the US criminal
justice system every year when a family member is
incarcerated. Correctional facilities have long been
used as public health partners in interventions
addressing infectious disease transmission, but less
often to address the risk factors associated with
chronic diseases. The 2010 federal Affordable Care
Act (ACA) has expanded insurance coverage,
reformed components of the healthcare delivery
system and created new public health opportunities,
but there are clear limitations to its impact. In order
to ensure that the ACA benefits those most in need
of services, state and federal health officials should
consider expanding partnerships with correctional
administrators. Decades of public health interven-
tions have reduced the US smoking prevalence to
under 20%, but about 70% of inmates smoked
prior to incarceration and while most prisons have
implemented full or partial smoking bans, about
97% of incarcerated smokers resume smoking
within 6 months of release.1–4 Identifying-specific
associations between incarceration and health beha-
viours may help public health practitioners and

healthcare providers to target interventions more
effectively. We analysed data from the Center for
Disease Control and Prevention’s (CDC) Pregnancy
Risk Assessment and Monitoring System (PRAMS)
collected from 2006 to 2010 to assess the associ-
ation between maternal/partner incarceration in the
year prior to birth and smoking behaviours. Our
results provide guidance in targeting interventions
for high-risk populations, even in nations with far
lower incarceration rates.

Background
The US is experiencing what has been called an epi-
demic of incarceration.5 Since the 1970s, several
social and political developments have increased
the prevalence and duration of incarceration for
even non-violent and first time offences,6 and
many more individuals are incarcerated for actions
stemming from untreated mental illness.7 About
700 000 people are released from prison and
nearly 12 million pass through jail annually (in
general, US prisons hold people sentenced to more
than 1 year while jails hold a much larger popula-
tion awaiting trial or serving shorter sentences).8 9

Of particular concern is the disproportionate incar-
ceration of young black and Hispanic men: in
2009, the rate of incarceration in state or federal
prisons was 487/100 000 for white men, but 3119/
100 000 for black men.10

People involved with the criminal justice system
in the USA are more likely to be unemployed, less
healthy and of lower educational attainment than
the general population.6 11 12 Because health insur-
ance is not universal even under the ACA, they also
tend to have poor access to healthcare, and correc-
tional facilities are healthcare providers of last
resort for many of them. At the same time, some
researchers and practitioners are concerned that
incarceration exacerbates both poor health and
health disparities, especially by altering the life tra-
jectories (employment, marriage, etc) most asso-
ciated with health.13–17 Incarceration has also been
linked to the health of family members of the pris-
oner.18 19 With the exception of situations of
domestic violence, parental incarceration has been
linked to children’s poor mental health,20 21 and
people who were exposed to the incarceration of a
household member during their childhood are at
increased risk for smoking and heavy drinking in
adulthood, even after accounting for other adverse
childhood events.22

Because incarceration is especially prevalent
among adults of childbearing age,6 its potential
effects on pregnancy outcomes are of particular
concern. Incarcerated populations are generally
excluded from population health data sets and until
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recently few data sets included incarceration history (ie, whether
the participant had ever been incarcerated),23 making it difficult
to identify effects on pregnancy outcomes, though a previous
study found strong associations with multiple measures of
maternal disadvantage.24 Results are inconsistent for the much
smaller number of deliveries that occur during incarceration.25

Women who are incarcerated have high rates of addiction, sexu-
ally transmitted diseases (STDs) and other health problems that
can complicate neonatal health.26–28 For this population, incar-
ceration may constitute a period of relative stability and
improved access to prenatal care that can improve birth out-
comes,25 29 30 although one study found racial differences in
these benefits.30 There are also some findings from previous
studies of PRAMS data that included incarceration in their ana-
lysis.31–33 These studies either included incarceration as one of
several life events in the year before delivery, or analysed it
without controlling for other stressors, but they help to identify
the pathways through which incarceration may influence preg-
nancy (eg, through compromising available resources or increas-
ing relationship dissolution and stress).33 34 Examining-specific
perinatal health behaviours may provide further understanding
of those pathways.

Smoking during and after pregnancy has long been recognised
by the CDC and WHO as a risk factor for impaired infant and
childhood development. Although the vast majority of inmates
are male, their partners and families frequently share their high-
risk profiles, especially with regard to smoking.3 As a result,
incarceration may complicate relationships between stress,
smoking and gender even further.35 We examined the associ-
ation between exposure to incarceration in the year prior to
delivery and perinatal smoking behaviours.

METHODS
The CDC administers PRAMS annually in coordination with
state Departments of Health. Currently, 40 states and New York
City participate, reflecting 78% of US births (three states do not
make their data available to the public).36 Participating states
conduct stratified random sampling of women who are residents
of that state and who have delivered a live-born infant in that
state, as identified through states’ birth certificate registries.
Selected women are mailed a questionnaire 2–6 months follow-
ing delivery, and states follow-up with non-responders by tele-
phone after three mailings. The data set includes variables from
birth certificates as well as responses to the questionnaire. West
Virginia and Washington excluded incarcerated women from
their sample, but no other states reported doing so. PRAMS
reports a 70% response rate threshold through 2006 and a 65%
response rate threshold starting in 2007. We pooled all publicly
available data from 2006 to 2010 (n=200 226).

The independent variable of interest was incarceration stress
in the year before delivery, as measured by the option “I or my
husband or partner went to jail” on a list of potential stressors
on the questionnaire (figure 1). Although the question specifies
jail, we used it as a proxy for incarceration in any type of cor-
rectional facility given the frequent merging of terminology in
the US public. The outcome was prevalence of self-reported
smoking as well as amount of smoking reported by self-
identified smokers (≤5, 6–10, 11–20 or >20 cigarettes/day).
Between 2006 and 2008, smoking behaviour was asked of
women who indicated they had smoked 100 cigarettes in the
past 2 years. After 2008 (phase 6 of the survey), all women who
indicated they had smoked at least one cigarette in the past
2 years were asked follow-up questions about their smoking
habits. We examined self-reported smoking in the 3 months
before conception; during the last trimester of pregnancy; and
at the time of the survey. Covariates were race/ethnicity
(non-Hispanic black, non-Hispanic white, Hispanic, all others);
age (17–19, 20–24, 25–29, 30–34 and 35 years or older); edu-
cational level (8th grade or less completed; 9th–11th grade;
high school degree; some college; BA or above); marital status
(dichotomised as married vs all other); and any other stressors
listed in figure 1 experienced in the year prior to delivery. Other
models have collapsed these into four categories of emotional,
financial, partner-related and traumatic stressors,31 32 but we
elected to include each stressor individually for greater preci-
sion. We tested and rejected models that added income and self-
reported reception of supplemental nutritional assistance from
Women, Infants, & Children (WIC—a federal programme for
low-income perinatal women and children) in the year before
birth as measures of socioeconomic status, since results were vir-
tually identical to models employing education but with a
greater number of missing responses. Respondents missing
values for the independent variable, outcomes, or any of the
covariates, were removed from analysis for a final sample of
n=182 390. We conducted bivariate analyses and multivariate
logistic regressions in Stata V.11 SE to calculate weighted per-
centages and OR, using survey weights and strata information as
provided by the CDC, to account for complex sampling meth-
odology. For the heaviness of smoking (ie, number of cigarettes
per day), we employed ordered multivariate-ordered regressions
converted to ORs. The study was exempt from Institutional
Review Board approval and the original data collection was
approved by the CDC’s Institutional Review Board.

RESULTS
Women who reported incarceration of themselves or their part-
ners in the year prior to delivery were significantly younger than
other women (62.5% vs 31.7% under 25 years old), more likely

Figure 1 Stressors in the 12 months
before the infant’s birth.
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to be of lower educational attainment and income and less
likely to be married (20.2% vs 64.0%; table 1). They were more
likely to experience other stressors during the same period and
to have a greater number of stressors: 24.9% of women report-
ing incarceration had six or more additional stressors, compared
to 2.8% of women reporting no incarceration).

A higher percentage of women reporting incarceration stress
also reported smoking during the three periods examined, and
they reported smoking a greater number of cigarettes (table 2).
This association continued when logistic regressions controlled
for age, race/ethnicity, education, marital status and other stres-
sors (table 3). For example, women who reported incarceration
of themselves or their partners were more likely to smoke
during the last trimester (adjusted OR (AOR) 1.51 (95% CI
1.36 to 1.67)) and they were more likely to smoke more, with
1.35 the odds of smoking more than 10 cigarettes a day com-
pared to smokers who did not report incarceration stress (95%
CI 1.10 to 1.65). AOR were similar for the 3 months prior to
pregnancy and smoking at the time of the survey.

Women who reported incarceration stress also had higher
odds of reporting that they were smoking the same or more at
the time of interview as before pregnancy (AOR=1.32 (95% CI
1.14 to 1.52)). A comparison of model 1 (controlling for demo-
graphic covariates) and model 2 (adding the other stressors to
model 1) shows that a large part of the increased odds are due
to the coexistence of other stressors, but a substantial associ-
ation remains between incarceration and smoking after adjust-
ment for these other stressors.

DISCUSSION
Incarceration of the mother or her partner in the 12 months
prior to delivery is associated with increased risk of fetal and
newborn exposure to smoking. Given the well-known risks of
maternal smoking associated with infant and early childhood
development, these infants may be at higher risk of later cogni-
tive developmental problems37 38 in addition to physical ail-
ments such as asthma.35 Our findings add weight to a growing
sense that the unprecedented scale of incarceration in the US

Table 1 Count and weighted percentage of demographic characteristics of respondents, 2006–2010

No incarceration in
12 months before birth

Self or partner incarcerated in
12 months before birth p Value

n=173 415 (95.5%) n=8975 (4.5%)
Age (years) <0.0001
≤19 17 007 (9.2%) 1883 (22.7%)
20–24 40 093 (22.5%) 3549 (39.8%)
25–29 48 910 (29.1%) 2071 (23.2%)
30–34 39 958 (24.4%) 941 (9.6%)
≥35 27 442 (14.8%) 530 (4.7%)

Race/ethnicity <0.0001
Non-Hispanic white 96 299 (62.3%) 4116 (52.0%)
Hispanic 25 086 (16.6%) 1013 (13.0%)
Non-Hispanic black 27 571 (13.9%) 2626 (29.2%)
Asian, Native American or other 24 459 (7.2%) 1220 (5.9%)

Education <0.0001
8th grade or below 6520 (4.3%) 275 (3.5%)

Grade 9–11 22 052 (12.3%) 2429 (27.9%)
High school degree 49 082 (27.2%) 3717 (41.0%)
Some college 43 290 (24.5%) 2161 (22.9%)
College degree 52 471 (31.6%) 393 (4.7%)
Married 109 634 (64.0%) 1989 (20.2%) <0.0001

Other stresses in 12 months before birth
Divorced/separated 13 043 (6.9%) 3006 (32.0%) <0.0001
Moved 59 491 (33.0%) 5442 (60.0%) <0.0001
Homeless 5146 (3.0%) 1538 (15.4%) <0.0001
Partner lost job 20 662 (12.1%) 2952 (32.9%) <0.0001
Lost own job 16 657 (9.4%) 2294 (24.7%) <0.0001
Argued with partner more than usual 42 112 (23.3%) 5484 (59.5%) <0.0001
Partner did not want pregnancy 13 290 (7.4%) 1959 (20.9%) <0.0001
Could not pay bills 38 178 (21.0%) 4607 (50.4%) <0.0001
Got in a physical fight 5430 (2.8%) 2425 (25.4%) <0.0001
Someone close had a substance problem 19 801 (10.5%) 4548 (48.5%) <0.0001
Someone close was hospitalised 40 271 (22.9%) 3058 (34.2%) <0.0001
Someone close died 30 340 (16.6%) 2686 (28.3%) <0.0001

Total number of stresses aside from incarceration <0.0001
0 58 274 (35.0%) 328 (4.2%)
1–2 75 809 (43.6%) 2092 (24.9%)
3–5 34 002 (18.6%) 4131 (46.0%)
6–11 5330 (2.8%) 2424 (24.9%)
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plays a crucial role in public health approaches to interventions
designed to reach high-risk populations.

Although the data do not allow identification of whether the
mother herself or her partner was incarcerated, nationally,
nearly 90% of inmates are male. Women in this sample who
reported incarceration stress had an AOR of 1.38 (95% CI 1.20
to 1.57) of having had more than two previous live births com-
pared to women who did not report this stressor (data not
shown). This higher parity raises the possibility that childbearing
women constitute a larger percentage of the population affected
by incarceration than the female population overall. Even so, it
appears likely that in the vast majority of cases women are
reporting on partner incarceration rather than their own. These
findings contribute additional evidence to recent findings that
men’s incarceration has adverse consequences for not only their
children’s mental health,39 40 but also for the health of their
female partners, who have been identified as a “new vulnerable
population.”18 41 Our results suggest ways in which male incar-
ceration may present a public health opportunity to address
perinatal smoking, even in countries with far less incarceration
than the USA.

Even without evidence of a causal relationship, the strong asso-
ciation between incarceration and perinatal smoking suggests it is

well worthwhile for the medical and public health professions to
focus their energies on improving services to criminal
justice-involved populations. There are several ways the health
and public health professions can work with correctional facil-
ities or correctional systems to address the highly distinctive
context for smoking among prisoners and their families. About
one in eight of all smokers in America are incarcerated annu-
ally,42 and the spread of prison smoking bans enforces smoking
cessation for many of them.43 44 Incarceration could also present
an important opportunity to break smoking habits among prison-
ers’ families. For instance, few facilities or public health interven-
tions take advantage of visiting hours, when family members
often have long waits with nothing to do before gaining access to
face time with the person they are visiting.

However, interventions at correctional facilities will ultimately
have limited success unless they take account of the added psy-
chosocial context of smoking for prisoners and former prison-
ers. In addition to the various ‘free world’ reasons for smoking
of many disadvantaged people (eg, stress management), prison
smoking bans imbue smoking with implications of freedom and
independence.2 45 It is even more important to acknowledge the
problem of release from prison or jail, which is a transition
filled with stress and anxiety for many prisoners and their fam-
ilies.2 7 46 47 For individuals or families leading especially
chaotic lives, the period of incarceration may have been experi-
enced as a reprieve. Prisoners may also be returning to environ-
mental triggers and social networks increasing the likelihood of
smoking resumption.3 As table 1 shows, women reporting incar-
ceration in the year before their infant’s birth already had much
higher rates of multiple stressors during the same period. In this
context, the relative successes of prison smoking bans are
quickly undone, and 97% of smokers return to smoking on
release from prison.42 In order to be successful, traditional treat-
ment programmes must be adapted for this specific population,
and particularly for the highly stressful conditions of release
that are conducive to relapse.2 42 A study in a New England
prison system found that despite the prevalence of smoking
among prisoners’ families and partners, prisoners identified
family encouragement as a key factor in cessation intentions,
suggesting the possible benefits of focusing on a familial instead
of an individual approach.3

Our findings join with these previous studies to suggest add-
itional considerations in targeting perinatal smoking in this
population. First, even male smoking cessation could increase
partner interest in cessation. Second, interventions must focus
on the often difficult re-entry experience rather than only
addressing the incarceration period itself. Finally, the fact that
prisoners are mostly male should not forestall stakeholders in
maternal and child health from partnering with correctional
systems to reach women at high risk of perinatal smoking as
well as coexisting stressors.

The study is subject to several limitations. We were unable to
isolate the extent to which the association between incarceration
and smoking was due to the mother’s own incarceration versus
her partner’s. We were also unable to determine whether the
length of the incarceration episode is significant, nor whether
the 1-year timeframe of the question masks associations with
incarceration from before that period (eg, 2 years before birth).
Because all data are self-reported, we are unable to verify the
accuracy of independent and dependent variables. Finally, the
cross sectional data set does not allow any determination of
causality.

Incarceration of a woman or her partner in the year before
birth is associated with higher odds of perinatal smoking and

Table 2 Count and weighted percentage of smoking behaviours
by incarceration history, 2006–2010

No
incarceration Incarceration p Value

Smoked in 3 months before
pregnancy

41 221 (21.9%) 5078 (53.5%) <0.0001

If yes, smoked >10 cigarettes daily 12 820 (30.1%) 1887 (40.0%) <0.001
Smoked last trimester of pregnancy 22 712 (11.0%) 3520 (35.2%) <0.0001
If yes, smoked >10 cigarettes daily 3238 (6.4%) 583 (11.5%) <0.0001
Smoking at time of survey 30 933 (15.8%) 4337 (45.3%) <0.0001
If yes, smoked >10 cigarettes daily 7843 (16.9%) 1213 (25.7%) <0.0001
Smoked the same or more in last
trimester as prior to pregnancy

7911 (3.8%) 1257 (12.5%) <0.0001

Smokes the same or more now as
prior to pregnancy

30 933 (15.8%) 4337 (45.3%) <0.0001

Table 3 Adjusted OR of women reporting self/partner
incarceration in the year before birth compared to women who did
not, 2006–2010

Model 1* Model 2†

Smoked before pregnancy
Y/N 2.58 (2.36 to 2.82) 1.54 (1.40 to 1.69)
If Y, >10 cigarettes daily 1.51 (1.35 to 1.70) 1.22 (1.08 to 1.39)

Smoked last trimester
Y/N 2.52 (2.30 to 2.76) 1.51 (1.36 to 1.67)
If Y, >10 cigarettes daily 1.83 (1.53 to 2.18) 1.35 (1.10 to 1.65)

Smoked the same or more during
pregnancy as prior to pregnancy

2.01 (1.77 to 2.27) 1.30 (1.13 to 1.50)

Smoking at time of interview
Y/N 2.52 (2.31 to 2.75) 1.55 (1.41 to 1.71)
If Y, >10 cigarettes daily 1.56 (1.37 to 1.79) 1.31 (1.14 to 1.52)

Smokes the same or more now as
before pregnancy

2.52 (2.31 to 2.75) 1.55 (1.41 to 1.71)

*Controlled for age, race/ethnicity, education and marital status.
†Controlled for age, race/ethnicity, education, marital status and stressors other than
incarceration.
N, no; Y, yes.
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heavier smoking habits among those who do smoke. This associ-
ation persists after controlling for socioeconomic measures and
other stressors, including homelessness. This suggests that
involvement of either the woman or her partner in the criminal
justice system can be utilised by public health practitioners as a
critical focus for targeting interventions to high-risk
populations.

What is known on this subject?

There is a well-known association between incarceration and
smoking, along with a separate body of research on stressors
associated with perinatal health behaviours.

What this study adds?

Our findings advance current work on incarceration and health
outcomes/behaviours by using a population health data set that
allowed us to control for many conditions that frequently coexist
with incarceration. Rather than providing evidence of a causal
association, our intent was to identify the great relevance of the
criminal justice system in reducing the remaining pockets of
high smoking rates, especially related to pregnancy and early
childhood.
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