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Abstract

Precise identification of drinking and smoking patterns during pregnancy is crucial to better 

understand the risk to the fetus. The purpose of this manuscript is to describe the methodological 

approach used to define prenatal drinking and smoking trajectories from a large prospective 

pregnancy cohort, and to describe maternal characteristics associated with different exposure 

patterns. In the Safe Passage Study, detailed information regarding quantity, frequency, and timing 

of exposure was self-reported up to four times during pregnancy and at 1 month post-delivery. 

Exposure trajectories were developed using data from 11,692 pregnancies (9,912 women) where 

pregnancy outcome was known. Women were from three diverse populations: white (23%) and 

American Indian (17%) in the Northern Plains, US, and mixed ancestry (59%) in South Africa 

(other/not specified [1%]). Group-based trajectory modeling was used to identify 5 unique 

drinking trajectories (1 none/minimal, 2 quitting groups, 2 continuous groups) and 7 smoking 

trajectories (1 none/minimal, 2 quitting groups, 4 continuous groups). Women with pregnancies 

assigned to the low- or high-continuous drinking groups were less likely to have completed high 

school and were more likely to have enrolled in the study in the third trimester, be of mixed 

ancestry, or be depressed than those assigned to the none/minimal or quit-drinking groups. Results 

were similar when comparing continuous smokers to none/minimal and quit-smoking groups. 

Further, women classified as high- or low-continuous drinkers were more likely to smoke at 

moderate-, high-, and very high-continuous levels, as compared to women classified as non-

drinkers and quitters. This is the first study of this size to utilize group-based trajectory modeling 

to identify unique prenatal drinking and smoking trajectories. These trajectories will be used in 

future analyses to determine which specific exposure patterns subsequently manifest as poor peri- 

and postnatal outcomes.

Keywords

pregnancy; ethanol; smoking; prenatal exposure; exposure patterns; group-based trajectory 
modeling

Introduction

In the US from 2002 to 2013, the most recent years for which data are available, 54% of 

women between the reproductive ages of 15 and 44 reported alcohol use and 23% reported 

binge drinking (five or more drinks per occasion, per the National Survey on Drug Use and 

Health; Slater, Haughwout, & Castle, 2015). Among the women reporting drinking in 2013, 

29% also reported concurrent smoking (Slater et al., 2015). Despite public warnings and 

well-documented complications to the fetus due to alcohol and cigarette tobacco exposure, 

alone or in combination, in 2013, the proportions of women reporting drinking or smoking 

during pregnancy were 9.4% and 15.4%, respectively (Slater et al., 2015). It is likely that the 

proportion reporting drinking early in pregnancy is an underestimate, because many women 

do not change their drinking behavior until they learn they are pregnant and often do not 

include the period of time between conception and pregnancy confirmation when reflecting 

on drinking during pregnancy (Day, Wagener, & Taylor, 1985).
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Alcohol and cigarette exposure information is generally obtained by either self-report or 

assessment of biomarkers, and both methods have limitations (Dawson, 2003; Day et al., 

1985; Dukic, Niessner, Benowitz, Hans, & Wakschlag, 2007; Joya et al., 2012; Pickett, 

Rathouz, Kasza, Wakschlag, & Wright, 2005). Biomarkers are costly and are limited in their 

ability to provide quantity, frequency, and timing of exposure during specific time windows 

in pregnancy. Self-reported exposure measures may be summarized as indicators (e.g., binge 

drinking, counts such as number of days exposed or measures of quantity/intensity such as 

mean number of drinks or cigarettes per exposure day). Exposures assessed in pregnancy are 

often aggregated by trimester (Day et al., 1985) or even over the entire pregnancy. However, 

alcohol and cigarette tobacco exposure are time-varying, and more precise identification of 

quantity, frequency, and timing over the course of pregnancy (e.g., month, week) offers the 

opportunity for better understanding of the risk of exposure to the fetus (Bailey & Sokol, 

2011; Day et al., 1985).

The Safe Passage Study, conducted by the Prenatal Alcohol in Sudden Infant Death 

Syndrome (SIDS) and Stillbirth (PASS) Network, was designed to investigate the role of 

prenatal drinking, modified by prenatal smoking, on poor peri- and postnatal outcomes, 

particularly SIDS and stillbirth, in populations at high risk for drinking and smoking during 

pregnancy (Dukes et al., 2014). The Safe Passage Study was a multicenter, prospective study 

that followed ~12,000 pregnancies and offspring for one postnatal year, the period of risk for 

SIDS. The high-risk maternal populations included the American Indians in the Northern 

Plains (NP), US, and the mixed ancestry women in Cape Town, South Africa (SA); white 

women and women of other racial backgrounds also participated. The research was overseen 

by the Network’s Steering Committee, an external Advisory and Safety Monitoring Board 

and by local institutional review boards and Tribal research councils (Angal, Petersen, 

Tobacco, & Elliott, 2016; Dukes et al., 2014). The purpose of this report is to describe the 

methodological approach used to define prenatal drinking and smoking trajectories from 

longitudinal data collected in the Safe Passage Study regarding quantity and frequency of 

alcohol and cigarette tobacco exposure, and to describe maternal demographic features 

associated with the different exposure patterns.

Material and methods

Study Design/Sample

Consenting and eligible women were enrolled during pregnancy and followed through 1 

year post-delivery. Gestational age at enrollment was determined during the first prenatal 

visit using standard clinical practices at each study center – ultrasound in SA, and a 

combination of clinical examination, ultrasound, and last menstrual period in the NP. 

Maternal self-report was used to obtain drinking and smoking exposure information. 

Maternal characteristics collected include age, race, education, partner status, receiving 

government assistance, depression (based on Edinburgh Depression Scale scores ≥13), and 

gestational age at time of recruitment.
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Self-reported Exposure Measures

Prenatal alcohol exposure information was obtained using the Timeline Follow-back (TLFB) 

interview (Sobell, Maisto, Sobell, & Cooper, 1979; Sobell & Sobell, 1979, 1992, 1995). Our 

study population required modification to the TLFB to include collection of additional 

details on sharing, type/brand of beverages consumed (to assign specific alcohol by volume), 

and container sizes (Dukes et al., this issue). Prenatal smoking exposure information was 

obtained by querying how often the participant smoked a tobacco cigarette using graduated 

frequency response options (i.e., none, monthly or less, 2–4 days per month, 2–3 days per 

week, 4–6 days per week, and 7 days per week) and the number of cigarettes smoked on a 

typical day. Collection of drinking and smoking exposure was through interviews 

administered by trained research staff (Dukes et al., this issue). Depending on the timing of 

participant enrollment, exposure information was collected up to four times during 

pregnancy: at recruitment (6+ gestational weeks), 20–24 weeks, 28–32 weeks (random 

subset only), and 34+ weeks, and also at 1 month post-delivery, each covering the 30-day 

reference period prior to the last reported drinking or smoking day. The first prenatal 

interview included information regarding alcohol exposure 1 year prior to pregnancy and 

around the last menstrual period (15 days before and 15 days after). Collection of exposure 

at multiple time points minimized the length of recall and captured data across pregnancy for 

use in identifying patterns of drinking and smoking.

Mean drinks per drinking day were calculated by summing standardized beverages (defined 

as 14 g of ethanol) consumed on each drinking day (Brick, 2006; ICAP, 1998). Binge 

drinking was defined as four or more drinks per occasion (NIAAA, 2004). Mean cigarettes 

per day were computed from the two smoking questions described above (see Appendix A 

for more details). Heavy smoking was defined as 10 or more cigarettes per day (Lubin et al., 

2010, 2011, 2012; Odendaal, Steyn, Elliott, & Burd, 2009). Drinking and smoking days 

defined per month were derived by summing the numbers of days in a month for which the 

corresponding exposure status was known. Mean drinking and smoking measures were 

defined for each month in pregnancy; Month 1 was defined as 0 weeks, 1 day through 3 

weeks, 6 days gestation; Month 2 as 4 weeks, 0 days through 7 weeks, 6 days gestation, etc., 

and Month 11 as 40 weeks, 0 days through 43 weeks 6 days gestation. Exposure validation 

metrics include pregnancy months defined, pregnancy months exposed, drinks per drinking 

day or cigarettes per day by pregnancy month, year prior to pregnancy and post-pregnancy.

Statistical Methods

Group-based trajectory modeling (GBTM) was used to identify distinct latent trajectories of 

prenatal alcohol exposure and distinct latent trajectories of prenatal cigarette exposure over 

the course of pregnancy. Drinks per drinking day was aggregated to month of pregnancy, and 

4, 5, 6, and 7 group models were examined for both exposures. Because many women were 

unexposed during pregnancy and both drinks per drinking day and cigarettes smoked per day 

are discrete, zero-inflated Poisson was chosen as the probability distribution function to 

model exposures. Each exposure model, considered separately, was adjusted for number of 

days defined (number of days in the month where exposure status was known) in order to 

assign appropriate weight to the quantity variable based on how many days of data were 

available for a given month.
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Both substantive and statistical criteria were used to determine the most appropriate and 

parsimonious models to describe drinking and smoking trajectory groups. We hypothesized 

between 4 and 7 trajectory groups for each exposure, based on review of the literature and 

substantive knowledge of exposure patterns in pregnancy. Statistical criteria included 

examination of: 1) overall model fit using the Bayesian Information Criterion (BIC) or 

Bayes Factor to determine the number of trajectory groups, although these are sensitive to 

large sample size and the number of parameters being estimated; 2) the model standard 

errors with concern for large values which imply over-parameterization; 3) review of 

individual posterior probabilities, which assess discrimination, aiming for mean probabilities 

>0.7 for each trajectory group; 4) the percentage of participants assigned to each trajectory 

group to ensure sufficient representation (recommended >5%); and 5) visual review of 

trajectory plots and inspection of 95% confidence intervals for overlap (Arrandale, 

Koehoorn, MacNab, & Kennedy, 2006; Jones, Nagin, & Roeder, 2001; Nagin, 1999). 

Graphical analysis in the form of spaghetti plots was also reviewed in a random sample of 

participants for each trajectory group to aid in the determination of order (e.g., linear, 

quadratic) for each trajectory.

To examine the effect of missing data, sensitivity analyses were performed on two subsets 

using GBTM as described above. The first subset included pregnancies that resulted in a 

miscarriage, stillbirth, or delivery prior to 28 weeks or were enrolled in the third trimester. 

The second subset included those with drinking and smoking status defined for all three 

trimesters of pregnancy.

After determination of the optimal number of drinking and smoking trajectories using 

GBTM methods, descriptive statistics of alcohol and cigarette exposure metrics and 

participant demographic characteristics were summarized using proportions for categorical 

measures and means and standard deviations for continuous measures. Where appropriate, 

information is presented by month, trimester, or drinking and smoking trajectory groups.

Chi-square, Mantel-Haenszel, and Analysis of Variance were used to test for associations 

between trajectory groups with respect to maternal characteristics and exposure validation 

metrics. Statistical significance was determined assuming two-sided tests with an α level of 

0.05. No formal statistical testing was performed for subsequent pairwise comparisons 

between specific trajectory groups; results are presented descriptively. Analyses were 

performed using SAS/STAT® software, Version 9.3, Copyright© 2011 (Cary, NC, US) and 

SAS Proc Traj, a custom SAS procedure available for free download (Jones et al., 2001).

Results

Subjects

Enrollment for the Safe Passage Study began on August 1, 2007, and 1-year post-delivery 

follow-up was completed on October 4, 2016. A total of 10,088 women were enrolled from 

three diverse populations: white (23%) and American Indian (17%) in the NP, and mixed 

ancestry (59%) in SA (other/not specified [1%]). There were 11,892 pregnancies and 12,029 

fetuses (1.2% twins). Exposure trajectories were developed where pregnancy outcome was 
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known (98.3%), representing 11,692 pregnancies from 9,912 women; 1,581 women enrolled 

more than once (16%, range 2 to 6).

Exposure ascertainment

For the 11,692 pregnancies, drinking and smoking exposure information was successfully 

obtained at nearly 100% of eligible prenatal visits. Drinking status was known for all months 

of pregnancy for over 76% of pregnancies (Table 1) and for at least 6 of the months for 

93.9% of pregnancies; the mean number of drinking days defined during pregnancy was 

232.5 ± 58.7. Smoking status was known for all months of pregnancy for over 56% of 

pregnancies (Table 1) and for at least 6 of the months for 80.4% of pregnancies; the mean 

number of smoking days defined during pregnancy was 196.3 ± 80.2.

Extent of exposure

Women reported drinking during pregnancy in 61.2% of the 11,692 pregnancies, smoking in 

56.3% (Table 1), and dual exposure in 37.4%. The proportion of pregnancies exposed, as 

well as the quantity of exposure, decreased over the course of pregnancy (Table 1, Fig. 1). In 

the first trimester of pregnancy, women reported drinking in 47.8% of pregnancies (27.1% 

binge-drank), smoking in 54.0% (15.4% smoked ≥10 cigarettes/day) and dual exposure in 

27.8% (5.5% binge-drank and smoked ≥10 cigarettes/day) (Fig. 1). On average, 

consumption was 5.0 ± 4.6 drinks per drinking day among drinkers, and 5.4 ± 5.2 cigarettes 

per day among smokers. In the third trimester of pregnancy, 15.3% of pregnancies reported 

drinking (6.1% binge-drank), 40.0% reported smoking (6.1% smoked ≥10 cigarettes/day), 

and 11.2% reported both (1.1% binge-drank and smoked ≥10 cigarettes/day). On average, 

consumption was 3.3 ± 2.9 drinks per drinking day among drinkers, and 4.1 ± 3.9 cigarettes 

per day among smokers.

Drinking Trajectory Groups

The 5-group trajectory model (Fig. 2), with quadratic order for each group, was selected to 

best characterize prenatal alcohol exposure patterns during pregnancy. The 5 trajectories 

include: 1) non-drinkers/minimal exposure (none, 47.8% of pregnancies); 2) early moderate 

exposure with cessation around month 3 (moderate quit-early, 24.9% of pregnancies); 3) 

early high exposure with cessation around month 5 (high quit-later, 9.6% of pregnancies); 4) 

low continuous exposure (low-continuous, 11.6% of pregnancies); and 5) high continuous 

exposure (high-continuous, 6.1% of pregnancies). The average individual posterior 

probability for each trajectory group was greater than 0.92. Only 797 (6.8%) and 83 (0.7%) 

pregnancies had posterior probabilities less than 0.7 and less than 0.5, respectively. Upon 

visual inspection, there was no overlap in 95% confidence intervals for the drinking 

trajectory groups. Among women of mixed ancestry, 10.0% were classified as high- and 

18.4% as low-continuous drinkers as compared to American Indians and white women, 

where <1.3% were classified as high-and <1.8% as low-continuous drinkers (Appendix B, 

Fig. 1).
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Smoking-Trajectory Groups

The 7-group trajectory model (Fig. 3), with quadratic order for each group, was selected to 

best characterize smoking patterns over pregnancy. The 7 trajectories include: 1) non-

drinkers/minimal exposure (none, 52.1% of pregnancies); 2) early moderate exposure with 

cessation around month 3 (moderate quit-early, 7.5% of pregnancies); 3) early high exposure 

with cessation later in pregnancy (high quit-later, 2.3% of pregnancies); 4) low continuous 

exposure (low-continuous, 9.6% of pregnancies); 5) moderate continuous exposure 

(moderate-continuous, 18.1% of pregnancies); 6) high continuous exposure (high-
continuous, 8.5% of pregnancies); and 7) very high continuous exposure (very high-
continuous, 1.9% of pregnancies). While we aimed to develop groups with at least 5% of 

pregnancies, the high quit-later (n = 264) and very high-continuous (n = 217) smoking 

groups were retained as distinct and meaningful. The average individual posterior 

probability for each trajectory group was greater than 0.89. Only 683 (5.5%) and 33 (0.3%) 

pregnancies had posterior probabilities less than 0.7 and less than 0.5, respectively. Upon 

visual inspection, there was no overlap in the 95% confidence intervals for the smoking 

trajectory groups. Among women of mixed ancestry, 2.6% were classified as very high-

continuous, 12.2% high-continuous, 28.2% moderate-continuous, and 12.8% low-

continuous smokers as compared to American Indians and white women, where <1.3% were 

classified as very high-continuous, <3.5% as high-continuous, <7.0% as moderate-

continuous, and <9.2% as low-continuous smokers (Appendix B, Fig. 2).

Pregnancy Characteristics by Trajectory Groups

Overall, the mean maternal age was 25.6 ± 5.8 years and gestational age was 18.5 ± 6.7 

weeks at the time of enrollment. Maternal characteristics were statistically significantly 

different across the 5 drinking-trajectory groups and the 7 smoking-trajectory groups (all p 
values <0.001; Tables 2 and 3). Pregnancies assigned to the low- or high-continuous 

drinking trajectory groups based on self-reported exposure were more likely to have enrolled 

in the third trimester (≥17.5%) than those assigned to the no-drinking or to either of the quit-

drinking trajectory groups (≤10.5%). Continuous drinkers were less likely to have completed 

high school (≤18.7%) and more likely to be of mixed ancestry (≥95.0%), or depressed as 

defined by Edinburgh score ≥13 (≥59.0%), as compared to those reporting no drinking or 

quitting during pregnancy (Table 2). Maternal characteristics with respect to smoking-

trajectory group assignment were similar to those of drinking-trajectory group assignments. 

Specifically, pregnancies assigned to the continuous-smoking groups (low, moderate, high, 

or very high) were from women who were less educated (≤24.8% completed high school), 

more likely to be of mixed ancestry (≥79.8%) or depressed (≥49.3%), and enrolled later in 

pregnancy (≥13.3% third trimester) as compared to the no-smoking or quit-smoking groups 

(Table 3).

Dual Exposure

There is a statistically significant linear trend between drinking- and smoking-trajectory 

groups (p < 0.0001) (Fig. 4). Continuous drinkers were progressively more likely to smoke 

and to smoke higher quantities. Specifically, they were more likely to smoke at moderate-

continuous, high-continuous, and very high-continuous levels as compared to quitters or 
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those in the no-drinking trajectory group. For example, of pregnancies assigned to the high-

continuous drinking group, 36%, 25%, and 5% smoked at moderate-, high-, and very high-

continuous levels, respectively, compared to 14%, 6%, and 1% in the no-drinking group. 

Mixed ancestry women were more likely to report dual exposure (47.6%) as compared to 

American Indian (36.8%) and white women (13.0%).

Exposure Metrics by Drinking and Smoking Trajectory Groups

The quantity of drinking and smoking aligned with the exposure trajectories across the 

months of pregnancy (Figs. 5 & 6). Mean drinks per drinking day (DPDD) and cigarettes per 

day (CPD) were essentially zero in the no-smoking and no-drinking groups for all months of 

pregnancy (Fig. 5). After month 4, the moderate quit-early drinking group demonstrated a 

decline in DPDD to nearly correspond with the no-drinking group. The high quit-later 

drinking group showed a similar decline by month 7. Between months 5 and 9, women 

assigned to the high continuous-drinking trajectory group continued to report a higher 

number of drinks per drinking day compared to the other four trajectory groups, although 

there is some decline in the later months of pregnancy (high-continuous reported 4.3 ± 4.4 

DPDD in month 5 and 2.8 ± 3.5 DPDD in month 9) (Appendix B, Table 1). Pregnancies 

with continuous exposure had fewer weeks with drinking status defined (low-continuous 

26.4 ± 7.8, high-continuous: 22.0 ± 7.2) as compared to the no-drinking or quitting groups 

(no-drinking: 37.0 ± 6.2, moderate quit-early: 36.0 ± 6.3, high quit-later: 31.9 ± 7.1). The 

moderate quit-early smoking group looks similar to the no-smoking group by month 3, 

while the high quit-later group did not look similar to the no-smoking group until month 6 

(Fig. 6). There does not appear to be much change in the distribution of CPD across 

pregnancy for the moderate-, high-, and very high-continuous smoking groups. Pregnancies 

assigned to the very high-continuous group involved smoking greater than 14 cigarettes per 

day, on average, during months 1 through 9 of pregnancy, as compared to 0 cigarettes per 

day in the none-trajectory group (Appendix B, Table 2). Pregnancies with continuous 

exposure had fewer weeks with smoking status defined as compared to the no-smoking or 

quitting groups.

Re-enrollments (n = 1,581 women)

Of the women participating more than one time in the Safe Passage Study, 50% were 

assigned to the same drinking trajectory group and 67% were assigned to the same smoking 

trajectory group in all pregnancies. Restricting the sample to women who enrolled exactly 

twice with singleton pregnancies for both (n = 1,345), 26.3% increased drinking, 22.8% 

decreased drinking, and 50.9% did not change drinking patterns or trajectory group 

assignment in the second pregnancy as compared to the first. Of these 1,345 women, 17.0% 

increased, 14.0% decreased, and 69.0% remained unchanged with respect to smoking 

trajectories in the second pregnancy as compared to the first.

Sensitivity Analysis

The two sensitivity analyses performed to examine the effect of missing data showed nearly 

identical results for both drinking and smoking trajectory classifications (Appendix B, Figs. 

3–6). The first subset included pregnancies that resulted in a miscarriage, stillbirth, or 

delivery prior to 28 weeks or were enrolled in the third trimester (incomplete study, n = 
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1,425). The second subset included those with drinking and smoking status defined for all 

three trimesters of pregnancy (all trimesters defined, n = 10,720). In all cases, the plots look 

nearly identical to those from the full cohort. There is some shift in percentages, as well as 

more variability in the data for the ‘incomplete study’ subset, due to the smaller sample size, 

but percentages and variability are nearly identical in the ‘all trimesters defined’ subset.

Discussion

When investigating the role of prenatal drinking and smoking in poor fetal and postnatal 

outcome, it is critical to examine the effects of quantity, frequency, and timing of exposure 

during pregnancy. We used group-based trajectory modeling to develop distinct trajectories 

of maternal drinking and smoking exposure during pregnancy, derived from the detailed 

exposure information captured in the Safe Passage Study. Specifically, we identified 5 

distinct patterns of drinking exposures and 7 distinct patterns of smoking exposures in a 

diverse group of pregnant women. Several published studies classify women as exposed or 

not exposed, and provide estimates of the average quantity of exposure during a specified 

time window (e.g., first trimester) of pregnancy. These studies have observed that higher 

quantities of exposure, such as binge drinking episodes, are associated with fetal alcohol 

syndrome, as well as poor neurological outcomes in the offspring (May et al., 2013), and an 

increased risk for stillbirth and SIDS (Bailey & Sokol, 2011). A major objective of the Safe 

Passage Study is to improve on current knowledge by examining the role of different 

patterns of exposure over time in poor outcome.

There are a number of methods available to take full advantage of the detailed quantity, 

frequency, and timing exposure data captured in the Safe Passage study, including growth 

curve modeling (GCM), Markov modeling (Titman & Sharples, 2008), and group-based 

trajectory modeling (Nagin, 1999; Nagin & Odgers, 2010). GCM approaches capture the 

mean developmental trend and individual departures from mean developmental trend. 

Additionally, GCM approaches assume random variation and assume that development over 

time can be described using one set of parameters for the population. Markov modeling 

captures proportions of the population transitioning from one state to another state (Titman 

& Sharples, 2008). GBTM, an application of finite mixture modeling, employs a 

multinomial modeling strategy to approximate a discrete number of homogenous 

subpopulations; population variability is captured by differences across groups, not 

distinguishable on measured patient characteristics or inter-individual variability provided 

by random effects. In GBTM, the interest is in determining the number of and shape of 

patterns of change over time.

GBTM approaches have been in existence since the 1990s, but this approach has been 

under-utilized to classify prenatal exposures. In 2013, Eiden utilized a GBTM approach to 

characterize maternal smoking patterns in pregnancy of women who were current smokers at 

enrollment (n = 215), yielding four distinct trajectories: non-persistent light smokers, non-

persistent moderate smokers, persistent-moderate smokers, and persistent-heavy smokers 

(Eiden et al., 2013). Our findings are comparable, but because we included non-smokers and 

possibly more variation among a much larger sample, we were able to identify 7 smoking 

trajectory groups in the Safe Passage Study. Studies among HIV-positive men and women 
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utilized GBTM to determine smoking- and drinking-trajectory groups, respectively (Akhtar-

Khaleel et al., 2016; Cook et al., 2013), but these trajectory groups are not applicable to our 

study because cessation is more prevalent during pregnancy and learning of an HIV 

diagnosis may ultimately increase exposure in a subset of participants (Akhtar-Khaleel et al., 

2016; Cook et al., 2013).

We found that women who were classified as continuous drinkers and smokers were less 

educated, more likely to be depressed, and enrolled later in pregnancy, as compared to 

women classified as no/minimal or quit-exposure groups. Further, women who were high- or 

low-continuous drinkers were more likely to smoke at moderate, high-continuous, and very 

high-continuous levels, as compared to the women who were categorized as non-drinkers 

and quitters. The same pattern held for women reporting high- and very high-continuous 

smoking levels; they were more likely to be high-continuous and low-continuous drinkers, 

supporting findings in literature (Flynn, Marcus, Barry, & Blow, 2003). Women engaging in 

drinking or smoking were more likely to participate in dual exposures, and the quantity of 

each exposure increased when used in a dual fashion. We also found that women of mixed 

ancestry were more likely to be low- or high-continuous drinkers as compared to American 

Indian or white women, and moderate, high- or very high-continuous smokers, as compared 

to American Indians and white women. Mixed ancestry women were also more likely to 

report dual exposure as compared to American Indian and white women.

Limitations

First, women may be likely to under-report drinking and smoking exposure during 

pregnancy due to social stigma and recall error. The prospective design of the Safe Passage 

study reduced recall error, and a significant effort was made to reduce social stigma by 

building rapport and a sense of trust between the participants, community, and study staff 

and utilizing a certificate of confidentiality (Dukes et al., this issue). We found that 61% of 

women reported a positive history of drinking, 56% reported a positive history of smoking, 

and 38% reported a positive history of dual exposure during pregnancy, compared to lower 

prevalences of 9.4% and 15.4% drinking and smoking during pregnancy, respectively, 

reported in the literature (Slater et al., 2015). Our study populations consisted of women 

from communities historically known to have high exposures in pregnancy compared to the 

general population; however, we also observed higher alcohol exposures in white women 

(23.4%) than previously reported. This population allowed for a larger variety of patterns 

than if we had been restricted to a population more likely to quit after pregnancy 

confirmation. Discrepancies in rates between our findings and those from published reports 

may be due to the timing of assessments. Changes in exposure would not have been captured 

without serial assessments and subsequent analysis of patterns over the course of pregnancy, 

as well as enrollment early in pregnancy for the majority of participants.

Second, there were challenges in collecting exposure data at pre-determined time points in 

pregnancy. Specifically, there may be gaps in exposure information due to late enrollments 

or missed assessments. Missing exposure information is problematic because it may bias 

research findings, particularly if the data are not missing completely at random, and GBTM 

approaches are not invariant to issues of missing data. However, sensitivity analyses yielded 

Dukes et al. Page 10

Alcohol. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



nearly identical results in two subsets of women who: 1) had a miscarriage, stillbirth, or 

delivery prior to 28 weeks or who enrolled in the third trimester of pregnancy, and 2) had 

complete exposure status defined for all three trimesters of pregnancy.

Third, there was some concern that the study design could allow for therapeutic drift (i.e., 

changes in exposure behavior as a result of study participation). However, the results seen in 

the subset of women who enrolled more than once show that only 22.8% and 14% decreased 

their drinking and smoking patterns, respectively, in the second pregnancy compared to the 

first.

Fourth, the determination of trajectory groups has subjective aspects, specifically in the 

selection of the number of trajectory groups and the determination of the order of each 

trajectory group. With our large sample size, some of the statistical tests were not valid, 

forcing us to rely more upon substantive criteria. However, sensitivity analyses yielded 

consistent results with respect to hypothesized exposure patterns. Further, exposure metrics 

at the week level of pregnancy also yielded equivalent results. However, for model stability 

and to facilitate interpretation, we determined trajectories using data aggregated at the month 

level of pregnancy. In addition, we successfully validated self-reported alcohol exposure in a 

study of 108 Safe Passage study women for which a meconium sample was collected 

(Himes et al., 2015).

Future Considerations

In GBTM, the goal is to determine the number and shape of exposure patterns over time. 

Groups derived from GBTM are not distinguishable on measured participant characteristics 

or inter-individual variability provided by random effects. Thus, in utilizing trajectory 

groups in analyses investigating the effect of exposure and outcome in the Safe Passage 

prospective study, appropriate adjustment for non-random allocation of exposure at baseline 

will be performed using techniques such as the development of propensity scores or 

adjustment for individual confounders. Since there is substantial imbalance in the population 

of women who were highly exposed, particularly those with high dual exposure (higher 

proportion of mixed ancestry), adjustment to parse out the independent effect of exposure(s) 

with outcome is a necessity. In addition, in analyses involving rare outcomes, the exposure 

trajectories may require aggregation (e.g., dichotomize by combining the no-exposure and 

quit-trajectory groups vs. the continuous-exposure groups) in order to make meaningful 

comparisons.

Conclusion

This is the first study to examine prenatal drinking and smoking patterns from longitudinal 

data in a large, diverse cohort of pregnant women. We successfully developed and validated 

the distinct drinking and smoking trajectory groups that will be utilized in the Safe Passage 

Study, using study populations with higher and more variable levels of prenatal exposures 

compared to the general US population, to assess the effects of quantity, frequency, and 

timing of drinking and smoking during pregnancy on adverse outcomes. Exposure validation 

metrics confirmed the appropriateness of the trajectories defined. These trajectories will be 

used in future analyses to more accurately determine the exposure patterns that subsequently 
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manifest as poor pre-, peri-, and postnatal outcomes. The GBTM method used here can 

contribute to a more accurate way to classify exposure patterns and can be applied to 

populations other than pregnant women. It will be, however, important when using the 

exposure trajectories in analyses, to adjust for non-random allocation of exposure at 

baseline.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Group-based trajectory modeling identified prenatal drinking and smoking 

patterns.

• Five unique drinking trajectories (1 none/min, 2 quit, 2 continuous) are 

identified.

• Seven unique smoking trajectories (1 none/min, 2 quit, 4 continuous) are 

identified.

• Continuous patterns linked with profiles (e.g., less educated, more depressed) 

are identified.

• Future analyses will link trajectories to peri- and postnatal outcomes.
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Fig. 1. 
Self-reported drinking and smoking exposure by trimester of pregnancy (n = 11,692 

pregnancies).
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Fig. 2. 
Drinking trajectory groups based on drinks per drinking day in each month of pregnancy (n 

= 11,692 pregnancies).
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Fig. 3. 
Smoking trajectory groups based on cigarettes per day in each month of pregnancy (n = 

11,692 pregnancies).
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Fig. 4. 
Pregnancy smoking by drinking trajectory groups (n = 11,692 pregnancies). For the five 

drinking groups, values in the bars indicate the percentage of pregnancies assigned to each 

of the seven smoking groups (e.g., “N 63%”: of pregnancies assigned to the None drinking 

group, 63% were also assigned to the None smoking group).
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Fig. 5. 
Drinks per drinking day by drinking trajectory group in each month of pregnancy (n = 

11,692 pregnancies).
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Fig. 6. 
Cigarettes per day by smoking trajectory group in each month of pregnancy (n = 11,692 

pregnancies).
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