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Abstract Objectives We assessed the impact of varying

levels of smokefree regulations on birth outcomes and pre-

natal smoking. Methods We exploited variations in timing

and regulation restrictiveness of West Virginia’s county

smokefree regulations to assess their impact on birthweight,

gestational age, low birthweight, very low birthweight,

preterm birth, and prenatal smoking. We conducted regres-

sion analysis using state Vital Statistics individual-level data

for singletons born to West Virginia residents between

1995–2010 (N = 293,715). Results Only more comprehen-

sive smokefree regulations were associated with statistically

significant favorable effects on birth outcomes in the full

sample: Comprehensive (workplace/restaurant/bar ban)

demonstrated increased birthweight (29 grams, p\ 0.05)

and gestational age (1.64 days, p\ 0.01), as well as reduc-

tions in very low birthweight (-0.4 %, p\ 0.05) and pre-

term birth (-1.5 %, p\ 0.01); Restrictive (workplace/

restaurant ban) demonstrated a small decrease in very low

birthweight (-0.2 %, p\ 0.05). Among less restrictive

regulations: Moderate (workplace ban) was associated with

a 23 g (p\ 0.01) decrease in birthweight; Limited (partial

ban) had no effect. Comprehensive’s improvements exten-

ded to most maternal groups, and were broadest among

mothers 21? years, non-smokers, and unmarried mothers.

Prenatal smoking declined slightly (-1.7 %, p\ 0.01) only

among married women with Comprehensive. Conclusions

Regulation restrictiveness is a determining factor in the

impact of smokefree regulations on birth outcomes, with

comprehensive smokefree regulations showing promise in

improving birth outcomes. Favorable effects on birth out-

comes appear to stem from reduced secondhand smoke

exposure rather than reduced prenatal smoking prevalence.

This study is limited by an inability to measure secondhand

smoke exposure and the paucity of data on policy imple-

mentation and enforcement.

Keywords Tobacco use � Regulations � Pregnancy � Low

birth weight � Preterm infants

Significance

What is known on this subject? Smokefree regulations have the

potential to improve birth outcomes by decreasing smoking

prevalence among pregnant women and/or reducing second-

hand smoke exposure during pregnancy. Research is limited,

though, and does not yet provide a consensus statement.

What does this study add? To our knowledge, this is the

first direct evaluation of varying degrees of regulation

restrictiveness (comprehensive versus partial ban) on and

the only long-term evaluation of birth outcomes and pre-

natal smoking. Also, most previous studies have utilized

aggregate data; our study uses individual-level data

allowing us to capture individual-level variations. Finally,

this is the first study to incorporate pregnancy-related

variables (parity, prenatal care, weight gain).

Introduction

Over the past 20 years, smokefree regulations in the

workplace and public places have been enacted across the

United States at the state, county, and municipal levels.
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These population-based smoking restrictions have been

effective public health interventions in reducing hospital

admissions for acute myocardial infarction, stroke, and

asthma [6, 23, 27,30, 38], as well as decreasing cigarette

consumption and smoking prevalence with variations by

sex, age, and socioeconomic status [12, 17, 34, 44]. In

addition to these improvements, smokefree regulations

have the potential to improve birth outcomes by decreasing

smoking prevalence among pregnant women and/or

reducing exposure to secondhand smoke (SHS) during

pregnancy.

Smokefree Regulations and Birth Outcomes

Smoking during pregnancy is a known risk factor for

adverse birth outcomes, including low birthweight (LBW)

(\2500 g), preterm birth (PTB) (\37 weeks gestation),

neonatal death, sudden infant death syndrome, and spon-

taneous abortion [7, 20, 24, 28, 41]. Growing evidence

indicates that exposure to SHS during pregnancy is also

associated with increased risks of adverse birth outcomes,

including LBW and possibly PTB and spontaneous abor-

tion [14, 15, 24, 33, 42]. Though smokefree regulations can

reduce smoking and SHS exposure, research on the effect

of these policies is limited for the prenatal setting and does

not yet provide a consensus statement. Additionally, there

has been no direct evaluation of the degree of regulation

restrictiveness (comprehensive versus partial ban)1 on birth

outcomes or prenatal smoking.

Studies evaluating the impact of comprehensive smok-

ing bans (ban in workplaces/restaurants/bars) have been

conducted at the national and local levels. Evaluations of

comprehensive bans in Ireland [25, 26] and Scotland [31]

and in the city of Pueblo, Colorado [35] levels have found

statistically significant declines in PTB, small for gesta-

tional-age (SGA), and prenatal smoking prevalence, though

the impact on risk of LBW was mixed. Additionally,

Belgium’s national comprehensive smoking ban was

implemented in three phases over several years with sta-

tistically significant reductions in PTB following each of

the three phases, but no change in average birthweight

(ABW), LBW, or SGA [13]. Finally, Norway’s ban in

public places ‘‘where food or drink is served’’ was evalu-

ated among hospitality workers, for whom it represented a

comprehensive smoking ban (workplace/restaurant/bar);

findings included statistically significant reductions in very

low birthweight (VLBW) and PTB, stemming primarily

from changes in prenatal smoking [8].

Smokefree regulations in the workplace have demon-

strated less consistent results. A multi-state analysis using

the CDC’s Pregnancy Risk Assessment Monitoring System

(PRAMS) data found a slight decrease in PTB and small

increase in gestational period only among mothers aged

25–34, but no impact on birthweight or prenatal smoking;

existing local smokefree regulations were not accounted

for [32]. In contrast, two unpublished state-level analyses

using Vital Statistics data first for a single state [3] and then

for all states [9], both accounting for local smokefree

regulations, found small but significant decreases in

birthweight, but no effect on gestational age, PTB, or

prenatal smoking. While seemingly counterintuitive, these

findings may support the limited body of research outside

the prenatal context that suggests paradoxical effects can

result from tobacco control measures due to compensatory

smoking behaviors such as displacement of smoking from

public places to private spaces or increased smoking

intensity (extracting more nicotine per cigarette) [1, 2, 8].

These paradoxical findings have not, however, been uni-

versally supported by the research [10].

The Context of West Virginia

West Virginia (WV) has among the highest smoking

prevalence in the United States both in the general popu-

lation (WV = 28.6 %, US = 21.2 % in 2011) [11] and in

the prenatal population (WV = 30.5 %, US = 10.7 %

during third trimester in 2010) [40]. Importantly, WV is

one of seven U.S. states without a statewide smoking

regulation [4].2 Unlike some states, however, WV has no

state preemption law that would otherwise prohibit local

jurisdictions from enacting smokefree regulations more

stringent than state law. As such, local Boards of Health3

have enacted county-level ‘‘Clean Indoor Air (CIA)’’ reg-

ulations across WV’s 55 counties under their authority to

promote public health.4 The first CIA regulation was pas-

sed in 1992, with 31 additional county CIA regulations

following in the mid-1990s and all counties by 2007. Most

early CIA regulations were limited in scope, providing

smokefree areas in the workplace and/or restaurants. Over

time, however, many of these limited regulations have been

amended to provide greater smokefree coverage, with CIA

1 Note, however, research indicates that comprehensive smokefree

measures are more effective in reducing air particulate matter (i.e.,

SHS) than are partial smokefree measures. See, Erazo et al. [16],

Fernandez et al. [18], Huss et al. [22] and Ward [43].

2 Defined here as no state-level smoking restriction in any of the

following three venues: private workplaces, restaurants, or bars.

These states include: Alabama, Kentucky, Mississippi, South

Carolina, Texas, West Virginia, and Wyoming.
3 While the majority of local Boards of Health govern a single

county, several Boards of Heath govern combined municipal-county

units with a very few Boards of Health governing multiple counties.
4 These actions have been upheld by the West Virginia Supreme

Court (Foundation for Independent Living, Inc. v. Cabell-Huntington

Board of Health. (2003). 214 W.Va. 818, 519 S.E.2d. 744).
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regulations of varying degrees of restrictiveness scattered

across the state. This patchwork effect and variation in

timing of county regulations provides a unique context in

which to assess the differential impacts of varying degrees

of ‘‘restrictiveness’’ of county-level smokefree regulations.

This study addresses a significant gap in the literature.

While there exists an important body of literature on the

overall impact of state and national tobacco and smokefree

policies, research on the effect of local smokefree policies

is quite limited [29]. Additionally, research assessing the

effect of local smokefree policy on birth outcomes is even

more limited (see, e.g., Page et al. [35]). Finally, to our

knowledge, there has been no direct evaluation of varying

degrees of regulation restrictiveness (comprehensive versus

partial ban) on birth outcomes and prenatal smoking.

Methods

Dataset

We selected the time period of 1995–2010 to capture a pre-

and post-CIA timeframe for the majority of WV counties and

to encompass the variation in restrictiveness of smokefree

regulations provided by CIA changes across counties and

over time. Our dataset was drawn from the WV Vital

Statistics data representing all births to WV residents by

county, providing data on birth outcomes with linked mater-

nal characteristics. Our sample comprised singletons born to

WV residents,5 representing 293,715 births during the study

period. Because our analysis involved only existing county-

level datasets from public-use sources with no unique iden-

tifiers, this research was exempt from Institutional Review

Board approval; all research activities were conducted in

accordance with the ethical standards articulated in the 1964

Declaration of Helsinki.

Four categories of smokefree regulations were estab-

lished based upon three venues for smoking regulation:

workplace, restaurant, and bar. Our categories were defined

to reflect the greater time (with accompanying exposures)

most adults spend in the workplace as compared to other

venues, and restaurants more than bars: Comprehensive

(ban in workplaces/restaurants/bars), Restrictive (ban in

workplaces/restaurants, no restriction in bars), Moderate

(ban in workplaces, partial restriction in restaurants, no

restriction in bars), and Limited (partial restriction in

workplaces, any restriction in restaurants, no restriction in

bars). We categorized the 55 counties by smokefree regu-

lation by month of policy implementation or modification

(Table 1).6 This table demonstrates the wide variation in

smokefree regulations across time and restrictiveness, as

well as the progression toward more restrictive regulations

across time in most counties. Finally, we defined maternal

groups for sub-group analysis by maternal age, marital

status, and smoking status. Maternal age groups were based

upon the minimum legal age for tobacco purchase and

marriage without parental consent (18 years), as well as

estimated age-related exposures in the three regulated

venues (workplace,7 restaurants, bars8): \18 years,

18–20 years, 21? years. Marital status and smoking status

were categorized as binary variables (Yes/No).

Analysis

We analyzed the impact of the four categories of county

smokefree regulations on six outcome variables: Birth-

weight–BW (log of birthweight, in grams); Gestational Age–

GA (in number of days); Low Birthweight–LBW (birthweight

\2500 g); Very Low Birthweight–VLBW (birthweight

\1500 g); Preterm Birth–PTB (\37 weeks gestation); and,

Prenatal Smoking–PS (self-reported smoking status at time

of delivery). We introduced covariates drawn from the lit-

erature: maternal age, race, educational attainment, and

marital status, as well as parity, month prenatal care began,

and gestational weight gain (GWG). Also, because air pol-

lution has been shown to impact birth outcomes, we included

average annual county level of sulfur dioxide (log of parts per

billion).9 County fixed effects were introduced (to control for

county-specific time-invariant characteristics) as were

5 This includes both in-state and out-of-state births to WV residents.

WV borders five states (Ohio, Pennsylvania, Maryland, Virginia, and

Kentucky) making out-of-state births more routine than in most states.

6 Information on smoking regulations was obtained through an online

search of each county’s regulations, and supplemented with historic

data provided by the Smoke-Free Initiative of WV, a division of the

West Virginia Department of Health and Human Resources.
7 West Virginia employment rates for females, 16–54 years (2002):

16–19 years = 33 %, 20–24 years = 54.5 %, 25–34 years = 67.3 %,

35–44 years = 68.1 %, 45–54 years = 63.9 %. U.S. Department of

Labor, Bureau of Labor Statistics (–). Employment Status of the Civilian

Noninstitutionalized Population by Sex, Race, Hispanic Origin, and

Detailed Age, 2002 Annual Averages. http://www.bls.gov/lau/Table12

full02.pdf. Additionally, high school enrollment is estimated at 86 % for

15–18 year-olds (96 % in 9th grade declining each year to 79 % in 12th

grade; graduation rate is 74 %); while post-secondary enrollment is

estimated at 44 % the Fall after high-school graduation, with a 75 % first-

year persistence rate and a 16 % graduation rate within 6 years. Esti-

mated from data available from Southern Regional Education Board

(http://www.sreb.org) and National Center for Education Statistics

(http://nces.ed.gov).
8 The legal age for purchasing alcohol in West Virginia has been

21 years since 1986; private clubs/bars, however, may choose to

allow entrance to individuals 18 years of age and older. Alcohol

Beverage Control Commissioner, Series 2–Private Club Licensing

(§175-2-4.12).
9 Data obtained from the U.S. Environmental Protection Agency:

http://www.epa.gov/airquality/airdata. Data on other pollutants are

not available.
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Table 1 WV counties:

smokefree regulations by year
County\Year 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Barbour
Berkeley
Boone
Braxton
Brooke
Cabell
Calhoun
Clay
Doddridge
Fayette
Gilmer
Grant
Greenbrier
Hampshire

Hancock
Hardy
Harrison
Jackson
Jefferson
Kanawha
Lewis
Lincoln
Logan
McDowell
Marion
Marshall
Mason
Mercer
Mineral
Mingo
Monongalia
Monroe
Morgan
Nicholas
Ohio
Pendleton
Pleasants
Pocahontas
Preston

Putnam

Raleigh

Randolph
Ritchie
Roane
Summers
Taylor
Tucker
Tyler
Upshur
Wayne
Webster
Wetzel
Wirt
Wood
Wyoming

No Ban Limited Moderate Restrictive Comprehensive
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month fixed effects (to account for the seasonality of out-

come variables). Finally, to avoid overestimating the effect

of bans, we controlled for non-ban linear county-specific

time trends (to account for county-specific trends in the

outcome variables).10

Several models were tested to avoid potential omitted-

variable bias: we introduced secular trends by including the

U.S. monthly mean birthweight and mean gestational age

as covariates (to control for U.S. factors that might affect

birth outcomes) as well as introduced state and federal

tobacco tax rates as covariates (to account for any potential

impact on tobacco use). The inclusion of these covariates

did not change the findings, suggesting the findings are

independent of these variables.

We used individual-level weighted least squares regression;

however, using binary response models (Probit or Logit) for

binary outcomes (LBW, VLBW, PTB, PS) yielded very similar

estimates to the linear models. All statistical analyses were

conducted using Stata statistical analysis software.

Results

Description of Sample

The sample (Table 2) had similar patterns to the U.S. pre-

natal population (during the same time period)11 for maternal

age, marital status, parity, and prenatal care initiation

(though the sample had fewer with ‘‘No Prenatal Care’’). The

sample had relatively similar patterns of maternal education

to the U.S. population, though the sample had a higher rate of

High School only (40 vs. 32 %) and fewer with a College

Degree (19 vs. 24 %). There were, however, stark differ-

ences in maternal race and smoking status. The sample was

more racially homogenous (95 % White, 3 % Black) than

the U.S. population (80 % White, 15 % Black). Finally, the

sample had markedly higher prenatal smoking rates (26 %)

than did the U.S. population (10 %).

Birth outcomes in the sample confirmed the known

benefits conferred by specific maternal characteristics, with

better outcomes for: 21? years, married, non-smokers,

higher education, adequate prenatal care, and/or GWG over

25 pounds. Mothers \21 years (particularly\ 18), those

with \HS, inadequate prenatal care (particularly No Pre-

natal Care), gained\ 16 pounds GWG, high parity (5?),

and/or smokers had among the worst birth outcomes—

unsurprisingly, the same maternal groups with the highest

smoking prevalence12 (as high as 50 % among mothers

with\HS and those with No Prenatal Care).

Full Sample Analysis

Only Comprehensive and Restrictive smokefree regulations

were associated with statistically significant favorable

effects on birth outcomes in the full sample (Table 3).

Comprehensive was associated with increased birthweight

and gestational age, as well as reductions in VLBW and

PTB. The only other favorable effect in the full sample was

a very small decreased VLBW with Restrictive regulation.

Neither less restrictive regulation had any statistically

significant favorable effect on birth outcomes in the full

sample. In fact, Moderate regulation was associated with

an adverse effect (decrease) on birthweight in the full

sample while Limited had no effect. None of the regula-

tions had any effect on prenatal smoking in the full sample.

Sub-Group Analyses

The effects of all smokefree regulations varied by maternal

age (Table 4), marital status (Table 5), and smoking status

(Table 6). Comprehensive’s favorable effects extended to

most maternal groups, particularly mothers 21? years and

non-smokers (BW, GA, VLBW, PTB) as well as unmarried

mothers (BW, GA, PTB), but also married mothers (GA,

PS) and smokers (GA), with its greatest magnitude of

impact on unmarried mothers and smokers. Comprehensive

was associated with increased BW and decreased PTB

among 21? years, unmarried, and non-smokers, with

increased GA among all maternal groups other than

mothers \21 years, and with decreasedVLBW among

21? years and non-smokers. Comprehensive was, how-

ever, associated with an adverse effect (increase) on

VLBW among \18 years—one of two maternal groups

that experienced only adverse effects (the other being

18–20 years). Finally, Comprehensive was the only regu-

lation associated with a change in PS in any group, a small

decline among married mothers.

Less restrictive regulations demonstrated a more complex

picture. Restrictive had a mixed effect: a small reduction in

VLBW among 21? years, but an adverse effect (decrease)

on BW among\18 years.Moderate had only adverse effects

on birth outcomes, including a decrease in BW among most

10 This has proven effective in other contexts for capturing

confounding variation over longer periods of time. See, Barreca [5],

Raphael and Winter-Ebmer [36] and Wolfers [45].
11 U.S. comparison data were obtained from the Centers for Disease

Control and Prevention (CDC) ‘‘Natality Files’’ and ‘‘Linked Birth/

Infant Death System’’ on CDC WONDER. http://wonder.cdc.gov.

Note, however, these datasets did not provide information on Live

Birth Order prior to 2003. Additionally, birth certificates (from which

the CDC data were derived) changed tobacco use questions in 2003,

complicating comparisons of data prior to versus after 2003.

12 Note the smoking prevalence of 32 % among mothers\18 years,

despite the legal age of 18 for purchasing tobacco in West Virginia.
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maternal groups (18–20 years, 21? years, married, smok-

ers, non-smokers). Moderate also increased VLBW in both

maternal age groups\21 years. Additionally,Moderatewas

the only regulation with any effect on LBW, an increase

among smokers. The final regulation, Limited, had mixed

effects: a very small reduction in VLBW among

21? years, but a small increase among 18–20 years; and, an

increase in BW among smokers, but a decrease among non-

smokers.

Discussion

West Virginia has among the highest prenatal smoking

prevalence in the United States at 26 % as compared to

11 % in the US population during the study period

(1995–2010). Notably, smoking prevalence in West Vir-

ginia exceeds 40 % among mothers with low education,

late/no prenatal care, and/or unmarried in contrast to 19 %

in the US population. Of the state’s four county-level

Table 2 Descriptive statistics of sample

N % Mean Mean

gestation

Low

birthweight

Very low

birthweight

Preterm birth Prenatal

Birthweight

(g)

(days/weeks) Prevalence

(%)

Prevalence

(%)

Prevalence

(%)

Smoking

(%)

Full sample 293,715 100 3302 271.45/38.78 6.81 0.90 10.98 26.09

Maternal age

\ 18 years 12,375 4 3183 271.19/38.74 8.78 1.34 13.65 32.19

18–20 years 46,803 16 3220 272.35/38.91 8.00 1.00 11.47 35.71

21? years 234,537 80 3325 271.29/38.76 6.47 0.90 10.74 23.84

Marital status

Married 189,793 65 3355 271.65/38.81 5.70 0.80 10.03 18.16

Unmarried 103,922 35 3205 271.10/38.73 8.85 1.16 12.70 40.56

Maternal race

White 279,390 95 3309 271.55/38.79 6.68 0.89 10.84 26.45

Black 10,107 3 3125 268.67/38.38 10.91 2.00 15.47 23.62

Hispanic 1985 1 3321 271.80/38.83 4.53 0.80 10.48 8.66

Other 2233 1 3246 271.38/38.77 6.58 0.94 9.23 7.21

Maternal education

Less than HS 56,643 19 3174 271.38/38.77 9.64 1.12 13.00 50.45

HS 117,370 40 3286 271.54/38.79 7.17 1.01 11.16 29.49

Some college 65,193 22 3352 271.33/38.76 5.68 0.83 10.45 16.84

College degree or higher 54,509 19 3409 271.50/38.79 4.48 0.68 9.13 4.49

Smoking status

Smoker 76,621 26 3107 270.97/38.71 11.14 1.21 12.77 –

Non-Smoker 217,094 74 3370 271.63/38.80 5.29 0.83 10.35 –

Month prenatal care began

1–3 247,662 84 3316 271.33/38.76 6.45 0.80 10.57 23.81

4–6 39,217 13 3238 272.61/38.94 8.23 0.98 12.63 37.34

7–9 5579 2.6 3218 272.05/38.86 7.83 0.48 12.44 42.50

No prenatal care 1257 0.4 2810 258.07/36.86 29.91 9.10 34.45 49.48

Parity

1 128,237 43 3256 272.12/38.87 7.88 1.21 11.14 22.78

2 100,007 34 3348 271.34/38.76 5.49 0.66 10.10 25.87

3–4 58,805 20 3326 270.48/38.64 6.56 0.78 11.73 32.10

5? 6666 3 3280 269.00/38.43 8.48 1.16 14.64 39.75

Gestational weight gain (in lbs)

\16 42,071 14 3125 268.21/38.32 12.73 3.03 15.63 32.00

16–25 70,594 24 3212 270.26/38.61 9.05 1.18 13.10 27.26

26–35 85,737 29 3312 271.91/38.84 5.64 0.46 10.17 23.80

[35 95,313 33 3437 273.36/39.05 3.60 0.24 8.09 24.67
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smokefree regulations, Limited was the only regulation

adopted before 1999 and was the first regulation for 37

counties, with 30 progressing to more restrictive regula-

tions. Seven counties began with Moderate, five remained

unchanged, and six other counties used as an interim reg-

ulatory step. Ten counties began with Restrictive, nine

remained unchanged, and 14 other counties transitioned

from less restrictive regulations to Restrictive. Only one

county began with Comprehensive, but 19 counties ulti-

mately transitioned to this most restrictive regulation.

All policies have the potential to achieve their desired

effect, but also have the potential for unintended conse-

quences that are ineffective, undesirable, or perverse (i.e.,

contrary to the desired effect) [37]. That risk for perverse

or adverse effect is, therefore, a risk for smokefree regu-

lations—a risk that was realized among our findings. Our

analyses indicate that only more comprehensive smokefree

regulations—Comprehensive and Restrictive—were asso-

ciated with statistically significant favorable effects on

birth outcomes in the full sample, but all regulations varied

in impact by maternal sub-group. Comprehensive had the

most consistently favorable effects across maternal groups,

with improvements extending to nearly all outcome vari-

ables and to most maternal groups. Restrictive was asso-

ciated with a single improvement in one maternal group.

Both regulations were associated with an isolated adverse

effect on \18 years. Moderate was the only other regula-

tion associated with a statistically significant effect in the

full sample—an adverse effect on BW that extended to all

maternal groups except\18 years and unmarried mothers.

In fact, Moderate was the only regulation associated with

only adverse effects on birth outcomes. Limited regulation

had no effect on the full sample, but offered a mixed set of

findings among maternal groups—opposite effects on

groups within one maternal characteristic.

All maternal groups, other than those\21 years, expe-

rienced at least one improvement with at least one regu-

lation; unmarried mothers were the only group to

experience only improvements, while mothers \21 years

(\18, 18–20) were the only groups to experience only

adverse effects. The broadest set of improvements exten-

ded to mothers 21? years, non-smokers, and unmarried

mothers, though married mothers and smokers experienced

some benefits as well. The greatest magnitude of impact

occurred among unmarried mothers and smokers—two

maternal groups with among the worst birth outcomes.

Only married women experienced a change in prenatal

smoking, though without improvement in birth outcomes

beyond increased GA (experienced by most maternal

groups).

Outcomes related to gestation had the most consistent

improvements (GA more than PTB), and were never

adversely affected. Outcomes related to birthweight (BW,

LBW, VLBW), however, were mixed—with improvements

and adverse effects noted in various maternal groups

(though LBW had a single adverse effect among smokers).

Prenatal smoking (PS) showed very limited effect, with a

small decrease in married women with Comprehensive.

These findings appear consistent with the existing literature

evaluating comprehensive smokefree regulations: nearly

universal improvement in gestation-related outcomes and

mixed effects on birthweight-related outcomes. The

Table 3 Effect of smokefree regulations: full sample

(1) (2) (3) (4) (5) (6)

Birthweight Gestational age LBW VLBW PTB PS

Comprehensive 28.831 1.641 -0.005 -0.004 -0.015 -0.015

(5.545–52.117)* (0.706–2.577)** (-0.013–0.004) (-0.008–-0.000)* (-0.022–-0.008)** (-0.041–0.011)

Restrictive -2.773 0.046 0.002 -0.002 0.003 0.007

(-16.798–11.252) (-0.625–0.716) (-0.005–0.008) (-0.004–-0.000)* (-0.005–0.011) (-0.009–0.024)

Moderate -23.340 -0.355 0.008 0.001 0.004 -0.005

(-34.159–-12.522)** (-0.829–0.119) (-0.001–0.016) (-0.001–0.004) (-0.002–0.010) (-0.041–0.032)

Limited -5.579 0.202 -0.001 -0.001 0.001 -0.014

(-16.243–5.085) (-0.286–0.690) (-0.006–0.004) (-0.003–0.001) (-0.006–0.007) (-0.034–0.005)

R-squared 0.088 0.038 0.026 0.011 0.015 0.159

Observations 293,715

Birthweight is reported in grams and gestational age in number of days. The remaining outcomes are reported as percentage points: LBW (Low

Birthweight), VLBW (Very Low Birthweight), PTB (Preterm Birth), and PS (Prenatal Smoking). All results reported are from a weighted least

squares regression. The analysis controls for individual-level covariates: maternal age, education, race (White, Black, Hispanic), marital status,

parity, month prenatal care began, and gestational weight gain. In addition, the analysis includes: average annual level of Sulfur dioxide (log of

parts per billion) for the county, 54 county fixed effects, 203 months fixed effects, and 54 county-specific time trends. Confidence intervals (–)

are reported using clustered standard errors to allow for non-independence of observations from the same county. * Significant at p\ 0.05,

** Significant at p\ 0.01
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general lack of effect on PS may also be consistent with the

literature: at least one study’s findings suggested the

decrease in PS following smokefree regulation may have

been transient [31]. No previous evaluation has included an

extended timeframe; the length of timeframe provided in

our study assesses the overall long-term effect on PS rather

than any short-term, transient impact. Also, the adverse

effects on birthweight noted with Moderate may be con-

sistent with the paradoxical birthweight findings of two

evaluations of workplace smokefree regulations. Overall,

the gradient effect in birth outcome improvements among

the regulations in the general absence of any change in PS,

suggests that more restrictive regulations improve birth

outcomes through greater reductions in SHS exposure.

The variation in effects among maternal groups with all

regulations—without corresponding changes in PS—sug-

gests there exist variations in exposure to SHS given

maternal socio-demographic factors.13 Maternal age and

marital status can contribute to differential exposure to

SHS in the three regulated venues (workplace, restaurants,

bars) as well as in the home (an unregulated environment).

This study is limited, however, by the inability to directly

measure SHS exposure; a discussion follows of surrogate

measures for SHS exposures in these venues.

Workplace: Employment data (Footnote 8) suggest

that smokefree workplace regulations (Comprehensive,

Restrictive, Moderate) would have the greatest impact on

mothers 21? years, particularly those 24? years. Our

findings were generally consistent with this—far more

favorable effects on birth outcomes for 21? years with

Comprehensive and Restrictive than for either maternal

group\21 years. There was also a very small improvement

in VLBW among 21? years with Limited not seen in

younger maternal groups; given this regulation’s partial

smokefree workplace, this could support a gradient effect

for regulation impact based upon degree of workplace

protection. Notably, Moderate—like Comprehensive and

Restrictive—provides a smokefree workplace (but only the

workplace) with no favorable effects found.

Restaurant: Patterns of restaurant patronage show a

strong interplay between age, income, and macroeconomic

conditions. U.S. data indicate that restaurant dining is

Table 5 Effect of smokefree regulations: marital status

Variables (1) (2) (3) (4) (5) (6)

Birthweight Gestational age LBW VLBW PTB PS

Unmarried

Comprehensive 50.067 1.821 -0.008 -0.006 -0.022 -0.004

(0.389–99.744)* (0.684–2.958)** (-0.022–0.005) (-0.013–0.000) (-0.035–-0.010)** (-0.060–0.051)

Restrictive 1.987 -0.112 0.004 -0.004 0.001 0.017

(-31.264–35.238) (-0.847–0.624) (-0.007–0.014) (-0.008–0.000) (-0.009–0.012) (-0.020–0.055)

Moderate -7.825 -0.035 0.010 0.000 0.000 -0.008

(-33.115–17.466) (-0.762–0.691) (-0.003–0.022) (-0.004–0.004) (-0.014–0.015) (-0.057–0.041)

Limited 4.389 0.413 -0.001 0.000 -0.004 -0.017

(-22.994–31.772) (-0.202–1.029) (-0.011–0.009) (-0.004–0.004) (-0.015–0.007) (-0.054–0.020)

R-squared 0.083 0.040 0.032 0.016 0.019 0.087

Observations 103,922

Married

Comprehensive 11.890 1.468 -0.000 -0.003 -0.009 -0.017

(-12.755–36.536) (0.496–2.439)** (-0.010–0.010) (-0.006–0.001) (-0.018–0.000) (-0.030–-

0.004)**

Restrictive -4.416 0.178 0.001 -0.001 0.004 0.002

(-21.866–13.033) (-0.538–0.894) (-0.009–0.010) (-0.003–0.001) (-0.006–0.013) (-0.009–0.013)

Moderate -31.260 -0.542 0.007 0.002 0.005 -0.002

(-47.030– - 15.490)** (-1.253–0.170) (-0.001–0.014) (-0.001–0.005) (-0.009–0.019) (-0.034–0.030)

Limited -10.515 0.092 -0.001 -0.001 0.004 -0.012

(-22.639–1.610) (-0.396–0.579) (-0.008–0.006) (-0.003–0.001) (-0.003–0.011) (-0.026–0.001)

R-squared 0.069 0.039 0.020 0.009 0.013 0.135

Observations 189,793

See Table 3 note

13 There could also exist variations in biological response to SHS

based upon maternal characteristics, but a survey of the existing

literature did not support this.
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highest among younger age groups steadily declining with

age, suggesting smokefree restaurant environments would

impact younger mothers more [39]. Eating out, however,

has declined among younger Americans (18–34 year olds)

since 2007 as U.S. economic conditions have changed [21].

Without WV data, it is difficult to interpret how these U.S.

trends have impacted WV’s prenatal population over the

study period or the effect on variations in SHS exposure in

restaurants.

Bar: The WV legal age for purchasing alcohol has been

21 years since 1986, but individual private clubs and bars

may choose to allow entrance to individuals 18 ? years

(Footnote 9). Bar patronage, therefore, is likely highest

among 21? years, then 18–20 years, and nonexistent

among \18 years; smokefree bars would have a greater

effect on 21? years, then 18–20 years, but none on

\18 years. Our findings are consistent with this: Com-

prehensive was associated with improvements in birth

outcomes among 21? years, but adverse effects on

\18 years and none on 18–20 years. Both Restricted and

Limited, however, had the same pattern of findings despite

no regulation of bars.

Home: Following implementation of smokefree regula-

tion, smoking patterns could change among other inhabi-

tants of the mother’s home: SHS could increase (given

potential ‘‘displacement’’ of smoking from public places

(work) to private spaces (home)), could decrease (given

reduced prevalence, frequency, or quantity of smoking), or

could remain unchanged. Our findings could suggest a role

of ‘‘displacement:’’ Unmarried women realized far greater

improvements in birth outcomes than did married women

(despite their small decrease in prenatal smoking), and

mothers 21? years realized far greater improvements than

did mothers \21 years (who experienced only adverse

effects). Married mothers would nearly universally have

another inhabitant in their home, and younger mothers

(\18 years and to a lesser extent 18–20 years) are less

likely to be financially self-sufficient and, therefore, more

likely to live with others. Additionally, because both teen

pregnancy and smoking prevalence are higher among

lower socioeconomic status individuals, younger mothers

may have a higher risk of SHS at home. Without data on

SHS exposure in the home, however, it is difficult to fully

understand the pattern of improvements in birth outcomes.

Table 6 Effect of smokefree regulations: smoking status

Variables (1) (2) (3) (4) (5)

Birthweight Gestational age LBW VLBW PTB

Non-smoker

Comprehensive 30.948 1.533 -0.005 -0.004 -0.015

(6.250–55.647)* (0.399–2.666)** (-0.014–0.004) (-0.008– - 0.001)* (-0.024– - 0.006)**

Restrictive -5.631 0.059 0.003 -0.001 0.003

(-21.942–10.681) (-0.733–0.850) (-0.005–0.011) (-0.004–0.001) (-0.004–0.010)

Moderate -24.469 -0.495 0.006 0.001 0.004

(-41.179– - 7.760)** (-0.998–0.008) (-0.002–0.013) (-0.002–0.003) (-0.004–0.012)

Limited -18.300 0.067 0.002 -0.001 0.004

(-30.719– - 5.881)** (-0.503–0.637) (-0.004–0.008) (-0.003–0.001) (-0.002–0.010)

R-squared 0.079 0.038 0.022 0.011 0.015

Observations 217,094

Smoker

Comprehensive 3.688 1.894 0.003 -0.003 -0.013

(-27.222–34.598) (0.870–2.918)** (-0.016–0.021) (-0.013–0.007) (-0.031–0.006)

Restrictive 7.386 0.008 -0.002 -0.004 0.004

(-12.005–26.778) (-0.803–0.818) (-0.012–0.009) (-0.009–0.001) (-0.013–0.020)

Moderate -26.734 0.086 0.013 0.003 0.002

(-44.691– - 8.776)** (-0.805–0.976) (0.004–0.023)** (-0.003–0.009) (-0.014–0.018)

Limited 15.686 0.551 -0.005 0.001 -0.007

(1.295–30.076)* (-0.053–1.156) (-0.014–0.004) (-0.004–0.005) (-0.024–0.010)

R-squared 0.075 0.044 0.031 0.016 0.020

Observations 76,621

See Table 3 note
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Limitations

Despite the strength of our findings, there are limitations in

our study. First, our prenatal smoking variable14 is a ‘‘Yes/

No’’ binary variable, and does not measure the quantity,

frequency, or duration of active smoking. The data,

therefore, would not capture any changes in smoking status

or smoking intensity during the pregnancy.15 Next,

importantly, we cannot measure SHS exposure in the reg-

ulated venues or in private spaces. Future research projects

that include SHS exposure could further elaborate on the

relationship between smokefree regulations and birth out-

comes. Finally, this study does not include measures of

policy implementation, enforcement, or penalties, which

are all potentially influential in policy compliance.

Including measures of implementation effectiveness [19]

and consequences of policy non-compliance can expand

our understanding of the impact of smoking restrictions.

Conclusions

The degree of regulation restrictiveness was a determining

factor in the impact of smokefree regulations on birth

outcomes. Only more comprehensive smokefree regula-

tions (Comprehensive and Restrictive) were associated with

favorable effects on birth outcomes in the full sample,

while the less restrictive Moderate (workplace) regulation

was associated with an adverse effect and the least

restrictive regulation, Limited, had no impact. All four

regulations varied in impact by maternal group (age,

marital status, smoking status). Comprehensive had the

most consistently favorable effects across maternal groups,

with improvements extending to nearly all outcome vari-

ables and to nearly all maternal groups (except mothers

\21 years). Consistent with the current literature, gesta-

tion-related outcomes demonstrated more consistent

improvements, while birthweight-related outcomes had

mixed effects. The broadest set of improvements extended

to mothers 21? years, non-smokers, and unmarried

mothers, though married mothers and smokers experi-

enced some benefits. Mothers \21 years experienced

only adverse effects on birth outcomes with multiple

regulations. The greatest magnitude of impact occurred

among unmarried mothers and smokers—maternal groups

with among the worst underlying birth outcomes. There

was no change in prenatal smoking other than a small

decrease among married mothers with Comprehensive.

This study suggests comprehensive smokefree regula-

tions (ban in workplaces/restaurants/bars)—but not less

restrictive smokefree regulations (complete or partial ban

in workplaces only)—show promise in improving birth

outcomes. The pattern of findings in the absence of PS

changes suggests the impact of smokefree regulations on

birth outcomes stems from decreased SHS exposure rather

than lower smoking prevalence, with comprehensive reg-

ulations improving birth outcomes through greater reduc-

tions in SHS. Additionally, our findings may be consistent

with ‘‘displacement’’ of smoking from public places to

private spaces following regulation, with less benefit

accruing to younger mothers and married women (all of

whom are more likely to live with others). Future research

would benefit from the inclusion of measures of SHS

exposures; measures of smoking quantity, frequency, and

duration; and variables assessing policy implementation

and enforcement.
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