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Abstract

Introduction: Little is known about the effectiveness of cigarette health warning labels (HWLs) 

among U.S. pregnant and non-pregnant women of reproductive age. Our intent was to examine 

HWL responses by pregnancy status and their associations with knowledge and perceived harm.

Methods: We conducted cross-sectional analyses of first (2013–2014) and second (2014–2015) 

Population Assessment of Tobacco and Health waves. The sample (N = 19,095) was representative 

of U.S. women of reproductive age (18–45 years). We examined three HWL responses (seeing 

HWLs, forgoing cigarettes because of HWLs, likely-to-quit because of HWLs), perceived harm 

from smoking, and knowledge of health effects to fetuses and others. Weighted logistic regression 

compared HWL responses by pregnancy status and their associations with perceived harm and 

knowledge, adjusting for demographics and tobacco use. Results were presented as marginal 

predicted probabilities.

Results: Pregnant smokers were less likely than never-pregnant smokers to report likelihood of 

quitting (57% vs 67%, p = 0.020). Forgoing cigarettes and likely-to- quit due to HWLs—but not 

seeing HWLs—were positively associated with perceived harm and knowledge. Pregnant smokers 

were less likely to have knowledge of fetal harm (83%) than ever-pregnant (91%, p = 0.006) and 

never-pregnant (92%, p = 0.003) smokers. However, pregnant smokers who reported likelihood of 
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quitting were much more likely to have knowledge of fetal harm than those who did not (93% vs. 

67%, p = 0.028).

Conclusions: Implementation of HWLs that elicit stronger reactions—such as pictorial HWLs

—and increase knowledge of fetal risks is one action to help reduce tobacco use in pregnant and 

non-pregnant U.S. women of reproductive age.

1. Introduction

Women who are or may become pregnant are key populations to target for smoking 

prevention and cessation. Tobacco use is a major cause of negative reproductive outcomes, 

including reduced fertility, low birth weight, and infant mortality.1–3 Cessation during 

pregnancy can significantly improve babies’ outcomes.4 In the U.S., 13.8% of pregnant 

women and 20.1% of non-pregnant reproductive age women smoke.5,6

One policy-level approach for cessation is health warning labels (HWLs) on cigarette 

packaging. HWLs are ubiquitous information sources to warn about the health risks of 

smoking and secondhand smoke (SHS). In the U.S., the four HWLs are text-only and have 

been on packaging since 1984; one label describes harm to fetuses, and another states that 

smoking “may complicate pregnancy.” Studies have shown that HWLs—especially pictorial 

HWLs—are effective for increasing knowledge about health risks and quitting.7–9 

Responses to HWLs—such as seeing (“salience”) or forgoing cigarettes because of HWLs 

(“behavioral response”)—are important intermediary steps between HWL exposure and 

attitudinal and behavioral changes.10–12

Pregnancy-related HWLs may elicit stronger responses than non-pregnancy-related HWLs 

in reproductive age women compared to men and older women.14 However, to our 

knowledge, no information is available about responses among U.S. pregnant women, and if 

responses are associated with harm perceptions and knowledge. Among U.S. reproductive 

age women, our aims are to: (1) determine whether pregnant women are more responsive to 

HWLs than non-pregnant women, and (2) examine whether HWL responses are associated 

with knowledge of health effects and harm perceptions. Our results with a nationally 

representative sample will help determine whether current labels effectively target pregnant 

and non-pregnant women of reproductive age, or provide evidence to support the FDA in 

implementing new HWLs.

2. Methods

We collapsed Public Use File (PUF) data from Waves 1 (2013–2014) and 2 (2014–2015) of 

the Population Assessment of Tobacco and Health (PATH), a household-based, nationally- 

representative, cohort study of adults and youths from the civilian, non-institutionalized U.S. 

population.15 Weighting procedures adjusted for oversampling, nonresponse, and the 

complex survey design. Further information about PATH and weighting procedures is 

available elsewhere.16 We restricted our analyses to women of reproductive age (18–45 

years) with complete information about current and previous pregnancies, current cigarette 

smoking, and frequency of seeing HWLs. Youth (<18) pregnancy status was unavailable.
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2.1 Measures

We obtained age, race/ethnicity, household income, education, lifetime use of cigarettes, and 

past 30-day use of other tobacco products. Using PATH derived variables, current cigarette 

smokers were defined as those who reported currently smoking cigarettes every day or some 

days, including both experimental (<100 cigarettes in lifetime) and established (≥100 

cigarettes in lifetime) smokers. We did not include number of years smoking, frequency and 

intensity of smoking, and time to first cigarette because of the large amount of missing data. 

Pregnancy status was categorized as never-pregnant, ever-pregnant (pregnant previously), 

and currently pregnant at the time of survey completion.

Three measures of HWL responses were asked at both waves:

(1) Seeing HWLs: all respondents were asked: “In the past 30 days, how often have 

you noticed health warnings on cigarette packages?” We dichotomized the 5-

point Likert scale: 0=never, 1=rarely, sometimes, often, or very often.

Smokers who reported seeing HWLs rarely, sometimes, often, or very often were 

subsequently asked:

(2) Forgoing cigarettes: “In the past 30 days, how often have health warnings 

stopped you from having a cigarette when you were about to smoke one?” We 

dichotomized the 5-point Likert scale: 0=never, 1=rarely, sometimes, often, or 

very often.

(3) Likely-to-quit: “To what extent, if at all, do the health warnings on cigarette 

packs make you more likely to quit smoking?” We dichotomized the 4-point 

Likert scale: 0=not at all, 1=a little, somewhat, or a lot.

Three measures of harm perceptions and knowledge were used:

(1) Perceived harm: “How harmful do you think cigarettes are to health?” Based on 

the mean value of 4.13 in the sample, we dichotomized the 5-point Likert scale: 

0=not at all, slightly, or somewhat harmful, 1=very or extremely harmful.

(2) Knowledge of health effects: Respondents were asked, “Based on what you 

know or believe, does smoking cause...” (0=no, 1=yes). PATH included 11 

conditions in the survey at both waves: stroke, lung cancer, heart disease, 

blindness, poor circulation, bladder cancer, mouth cancer, and lung disease in 

smokers, lung disease and heart attack in non-smokers from second-hand smoke 

(SHS), and harm to fetuses (or unborn children) during pregnancy from SHS. 

Harm to fetuses was kept separately (see below). We summarized the other 10 

items into one composite score of knowledge (range=0–10, Cronbach’s α=0.76). 

Based on the mean score of 7.83 in the sample, we dichotomized the variable: 

low (0–8) and high (9–10) knowledge level.

(3) Knowledge of fetal effects: Knowledge about SHS effect on the fetus was kept 

as a separate item (0=no, 1=yes).
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2.2 Study Sample

A total of 19,095 reproductive age women were analyzed (weighted N=112,188,239); 747 

(3.6%) were currently pregnant, 9,980 (60.2%) were ever-pregnant, and 8,368 (36.2%) were 

never-pregnant. About 20.9% (n=6,885) were current smokers, including 12.7% (n=176) of 

pregnant, 24.1% (n=4,646) of ever-pregnant, and 16.4% (n=2,063) of never-pregnant 

women. The mean gestational age was 20.7 weeks (BRR SE=0.52, n=745).

2.3 Analysis

We performed a cross-sectional analysis following the procedures described in the PATH 

User Guide. Variance and p-value computations used supplied survey weights and the 

recommended Balanced Repeated Replication (BRR) method (Fay=0.3). We conducted a 

descriptive analysis of the frequencies of HWL responses, knowledge, and harm perceptions 

by smoking status.

Next, we conducted weighted multivariate logistic regression of: 1) the association between 

pregnancy status and the three HWL responses; and 2) cigarette harm perceptions, 

knowledge of health effects, and knowledge about fetal effects as a function of HWL 

responses (each response tested separately). Models adjusted for pregnancy status, age, race/

ethnicity, income, education, lifetime cigarette use, other tobacco product use, and wave. In 

the models of knowledge and perceived harm, we used Wald χ2 tests of interaction terms 

between pregnancy and HWL responses. Models stratified by pregnancy status were then 

run for statistically significant interactions. All models were conducted with current 

smokers. The model of seeing HWLs as a function of pregnancy was additionally conducted 

with the total sample because this HWL response was the only one asked of non-smokers. 

Results are reported in terms of adjusted marginal predicted probabilities, with p-values 

from the odds ratios. Analyses were conducted in Stata 15 (StataCorp, College Station, TX).

3. Results

3.1 Descriptive Analysis

About half of the sample (52.4%) and most smokers (80.4%) reported seeing HWLs. 

Among smokers who saw HWLs, 35.6% reported forgoing cigarettes, and 65.2% reported 

being likely to quit. Most smokers reported cigarettes as harmful (78.4%) and SHS as 

harmful to fetuses (90.8%). However, fewer than half (42.0%) reported a high knowledge 

level of other health effects.

3.2 Responses to HWLs By Pregnancy Status

In multivariate models, pregnancy was not associated with seeing HWLs in the total sample 

or in smokers only (Figure 1). Among smokers, pregnancy was not associated with forgoing 

cigarettes because of HWLs. Never-pregnant smokers were more likely than pregnant 

smokers to report increased likelihood of quitting because of HWLs (67.1% vs. 57.4%, 

p=0.020).
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3.3 Knowledge and Harm Perceptions by HWL Responses and Pregnancy Status

In multivariate models, smokers who saw HWLs were more likely than those who did not to 

have knowledge of health effects (43.2% vs. 39.3%, p=0.022). However, seeing HWLs was 

not associated with perceived harm or knowledge of fetal effects (Figure 2). Smokers who 

reported forgoing cigarettes were more likely than those who did not to perceive harm from 

smoking (81.8% vs. 77.2%, p=0.001), know about health effects (49.8% vs. 39.5%, 

p<0.001), and know about fetal effects (92.7% vs. 90.4%, p=0.023). Similarly, smokers who 

reported being likely to quit were more likely than those who did not to perceive harm 

(83.0% vs. 70.9%, p<0.001), know about health effects (47.1% vs 35.7%, p<0.001), and 

know about fetal effects (93.2%, vs. 87.4%, p<0.001).

Pregnancy was associated with reduced knowledge of fetal effects due to SHS, but not with 

perceived harm or knowledge of other health effects. In the model adjusting for the likely-to-

quit HWL response, pregnant smokers were less likely to know about fetal effects (82.5%) 

than ever- pregnant (91.3%, p=0.006) and never-pregnant (91.7%, p=0.003) smokers. 

Results were similar in the models adjusting for other HWL responses.

The effect of likely-to-quit HWL response on fetal effect knowledge was much larger for 

pregnant than non-pregnant smokers (Wald χ2: F(2,98)=4.29,p=0.0163). Specifically, 93.0% 

of pregnant smokers who reported that HWLs increased their likelihood of quitting knew 

about the fetal effects of SHS compared to 66.6% of pregnant smokers who reported that 

HWLs did not increase their likelihood of quitting (p=0.028). In contrast, likelihood of 

quitting was associated with smaller gains in fetal effect knowledge among ever-pregnant 

(93.1% vs. 87.4%, p<0.001) and never-pregnant (93.6% vs. 89.3%, p=0.007) smokers. 

Pregnancy status did not modify any other association.

4. Discussion

This study is the first to report HWL responses by pregnant and non-pregnant reproductive 

age U.S. women, and associations with harm perceptions and knowledge. Using two waves 

of a nationally-representative dataset, we included a significant number of reproductive age 

women, including pregnant smokers. Due to the cross-sectional analysis, the results 

presented are correlations, and do not indicate causal relationships. However, this study is a 

first step in examining HWL responses among U.S. women of reproductive age.

We found that pregnant women were as likely as non-pregnant women to report seeing 

HWLs and forgoing cigarettes because of HWLs, but were less likely to endorse likely-to-

quit because of HWLs. Only about a third of smokers reported forgoing cigarettes and about 

two-thirds reported likely-to-quit. Together, these findings illustrate the need for more 

persuasive HWLs that target reproductive age women, particularly pregnant women. Other 

studies have shown that forgoing cigarettes and likely-to-quit because of HWLs are highly 

predictive of quitting.7,17,18 The difference in HWL response by pregnancy status could be 

due to differences in risk perceptions. One study found that never-pregnant women largely 

believed that smoking during pregnancy was too risky, whereas many ever-pregnant women 

thought quitting during pregnancy could be harmful to the baby.19 Further research is needed 
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to develop HWLs that can overcome misconceptions and encourage cessation during 

pregnancy.

We also found that HWL responses were associated with women’s knowledge and harm 

perceptions, particularly among pregnant women. Simply seeing the HWLs was not 

associated with a high level of knowledge and perceived harm, illustrating the importance of 

persuasive HWLs that elicit strong cognitive (e.g., likelihood of quitting) and behavioral 

(e.g., forgoing cigarettes) reactions. Compared to non-pregnant women, pregnant women 

were less likely to know that SHS harms fetuses, but pregnant women with a strong 

cognitive reaction to HWLs were much more likely to be knowledgeable of this fact. HWLs 

may need to be targeted to elicit stronger reactions in pregnant women, and subsequently 

may improve knowledge. Conversely, prior knowledge or perceived harm may have 

“primed” women to have greater HWL responses. However, research has shown that strong 

responses were associated with quit attempts among smokers with low levels of perceived 

risk at baseline.20

Our findings support the need for pictorial HWLs in the U.S. as part of a comprehensive, 

multi-pronged approach to address the persistent prevalence of smoking during pregnancy. 

Pictorial HWLs may be more effective than text-only HWLs for women overall and young 

women specifically.13,21–23 In Uruguay, pictorial HWLs alongside other tobacco control 

policies increased the cessation rate during pregnancy, which improved birth weight.24 The 

2009 Family Smoking Prevention and Tobacco Control Act mandated the use of pictorial 

HWLs on 50% of the front and back of cigarette packaging in the U.S., but it has yet to be 

implemented. Pictorial HWLs could potentially reduce prenatal smoking and hospital costs 

up to $100.2 million per year in the U.S.25 Pregnancy-related pictorial HWLs may be 

particularly effective for reproductive age and pregnant women, especially if pictures of real 

babies and testimonials are included.14,19,26,27

This study has several limitations. One limitation was our cross-sectional approach, which 

limits causal inferences about HWL effects. However, this approach allowed us to include a 

large number of pregnant smokers. Future research can use PATH data to examine 

longitudinal effects of HWLs on knowledge, attitude, and behavior changes. Also, we were 

unable to include women age 15–17 years, or to control for knowledge of health effects of 

other tobacco products, frequency of other product use, and dependence. Only one measure 

of cognitive HWL responses (likelihood of quitting) and one measure of behavioral HWL 

responses (forgoing cigarettes) were available, and future research should use multiple 

measures to better capture these latent constructs. The PATH survey does not measure 

exposure to specific HWLs; therefore, we cannot examine responses to pregnancy-specific 

HWLs. Lastly, we did not differentiate women who quit during pregnancy. Therefore, our 

pregnant sample may be “hard-core” smokers, i.e., completely unwilling or unable to quit 

and likely to remain that way.29 Longitudinal PATH analyses can examine whether HWLs 

encourage quitting when women become pregnant.

Our study confirms the need for more effective HWLs to increase cognitive and behavioral 

reactions among U.S. women of reproductive age, especially pregnant women. Findings 

indicate that stronger reactions are associated with higher levels of knowledge and perceived 
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harm, and that HWLs may be beneficial for pregnant women’s knowledge of SHS effects on 

fetuses. For women’s and babies’ health, the development and implementation of effective 

pictorial HWLs is especially urgent to help pregnant women quit smoking.
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Highlights

• Pregnant smokers were less likely to report likely-to-quit due to HWLs.

• Women who responded to HWLs had knowledge of health risks and 

perceived harm.

• Pregnant smokers were less likely to know about fetal effects of SHS.

• Pregnant smokers’ knowledge notably improved if HWLs made them likely-

to-quit.
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Fig. 1. 
Adjusted marginal predicted probabilities of health warning label (HWL) responses by 

pregnancy status among women of reproductive age (18–45 years).Note. Currently pregnant 

women are the reference group; *p < 0.05, **p < 0.01, ***p < 0.001; Models adjusted for 

pregnancy status, age, race/ethnicity, household income, education, lifetime use of 

cigarettes, use of other tobacco products, and wave.
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Fig. 2. 
Adjusted marginal predicted probabilities of harm perceptions and knowledge by health 

warning label (HWL) responses among female smokers of reproductive age (18–45 years). 

Note. “No” is the reference group for each HWL response; *p < 0.05, **p < 0.01, ***p < 

0.001; Models adjusted for pregnancy status, age, race/ethnicity, household income, 

education, lifetime use of cigarettes, use of other tobacco products, and wave.
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