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Abstract

Introduction: Prenatal alcohol exposure is associated with adverse pregnancy outcomes such as 

fetal alcohol spectrum disorders. The study characterizes the pattern and risk factors of alcohol use 

during pregnancy for American Indian and Caucasian mothers in the Northern Plains.

Methods: A general population of pregnant women was recruited from five sites, including 2,753 

Caucasians and 2,124 American Indians (2006–2017). Alcohol consumption was based on self-

report using a modified Timeline Followback interview, administered three to four times during 

pregnancy and 1-month postpartum. Risk for prenatal drinking was calculated using logistic 

regression models after controlling for demographics, reproductive history, prenatal care, mental 

health, and SES. The analysis was conducted in 2019.

Results: More Caucasian mothers consumed alcoholic beverages during pregnancy than 

American Indians (63% vs 52%), whereas more American Indian mothers were binge drinkers 

than Caucasians (41% vs 28%). American Indian mothers had a lower risk of drinking in the 

second and third trimesters and postpartum, but a higher risk of binge drinking in the first trimester 

compared with Caucasians. Frequent relocation increased the risk of prenatal alcohol use among 

American Indian mothers, whereas age, marriage, income, parity, and fertility treatment affected 

the risk of prenatal drinking among Caucasian mothers.

Conclusions: Alcohol use was more prevalent among Caucasian mothers. Among those who 

consumed alcohol during pregnancy, American Indian mothers consumed larger quantities. 
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Change of residence was found to be the sole risk factor for prenatal drinking among American 

Indian mothers, whereas different and multiple risk factors were found for Caucasian mothers.

INTRODUCTION

Prenatal alcohol exposure (PAE) is linked to a wide spectrum of adverse consequences. Fetal 

alcohol spectrum disorders are caused by PAE and encompass various types of 

neurodevelopmental disabilities, craniofacial anomalies, and growth impairments.1,2 Fetal 

alcohol spectrum disorder prevalence estimates are as high as one to five per 100 U.S. 

schoolchildren.3–6 Furthermore, PAE may increase the risk for fetal and infant mortality, 

including miscarriage, stillbirth, and sudden infant death syndrome.7–10 These adverse 

outcomes disproportionately affect socioeconomically disadvantaged populations and 

minority groups, including American Indians.11

Alcohol use by pregnant women is a significant public health concern. Based on the 2015–

2017 data from Behavioral Risk Factor Surveillance System collected from phone survey of 

the U.S. population, 11.5% of pregnant women reported drinking and 3.9% reported binge 

drinking (consuming four or more drinks on at least one occasion) in the past 30 days.12 

These estimates were slightly higher than those in 2011–2013 (10.2% drinking and 3.1% 

binge drinking).13 Analysis of the National Birth Defects Prevention Study data from phone 

interviews found that 30.3% of mothers who delivered live infants without birth defects 

reported drinking alcohol at some time during pregnancy, and 8.3% reported binge drinking.
14

Maternal self-report is commonly used to collect information on alcohol consumption. Self-

report methods are cost effective, especially on a large scale. Limitations include recall bias 

and under-reporting.15,16 Owing to concerns about confidentiality, social stigma, and 

punitive state laws,17 it is often felt that drinking in pregnancy is underestimated. Another 

reason for under-reporting is that some women only count alcohol use after pregnancy 

recognition. Even with self-reporting, prevalence estimates of prenatal drinking vary 

depending on how the data are collected.

In the Northern Plains (South Dakota, North Dakota), alcohol use is high among women of 

childbearing age. According to the 2016 self-reported data from the Behavioral Risk Factor 

Surveillance System, the prevalence estimates of any alcohol use ranged from 60% to 66% 

during the last 30 days, and the rates of binge drinking was reported at 23%–26%. The 

Northern Plains has a large American Indian population. It is the common belief that 

American Indian mothers drink alcohol at higher rates during pregnancy compared with 

Caucasian mothers. Some studies conducted in this region supported this notion.18,19 

However, other studies found lower overall rates of alcohol use among American Indian 

pregnant women than other racial groups either nationally or in the Northern Plains.20,21

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

Syndrome and Stillbirth Network, was a large longitudinal prospective cohort study 

designed to investigate the association between PAE and stillbirth and sudden infant death 

syndrome.11 Pregnant women were enrolled from the Northern Plains and South Africa, 
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where residents are historically at higher risk for prenatal drinking and poorer pregnancy 

outcomes. Detailed information on the quantity, frequency, and timing of drinking was 

captured.15 The current analysis focuses on the Northern Plains cohort by comparing 

prenatal drinking between American Indian and Caucasian mothers. Improving the estimate 

of prenatal drinking can improve allocation of resources for public health prevention efforts 

and referral for treatment.

METHODS

Study Sample

The Safe Passage Study enrolled 4,968 unique pregnancies from the Northern Plains (2006–

2017). A general population was recruited from five sites, including two on American Indian 

Reservations.11,22 The inclusion criteria for this analysis were women: (1) enrolled from the 

Northern Plains, (2) with drinking information, and (3) either Caucasian or American Indian. 

A total of 4,877 pregnant women met eligibility criteria, including 2,753 (56%) Caucasians 

and 2,124 (44%) American Indians. Ninety-one subjects were excluded: four without 

information on alcohol consumption and 87 self-identified as other races.

Measures

The Safe Passage Study used a modified Timeline Followback method (TLFB) to capture 

alcohol use during pregnancy.15 Specially, at the visit, drinking information on alcohol type, 

container size, sharing, and duration was captured for 30 days prior to the last drinking day. 

The TLFB interview was administered up to five times: at recruitment (6 gestational weeks 

to delivery), at up to three prenatal visits (20–24, 28–32, and >34 gestational weeks), and at 

1 month post-delivery. At recruitment, alcohol consumption 15 days before and after the last 

menstrual period (LMP) was also collected. Alcohol use (yes/no) at 1 year prior to 

pregnancy was collected as well. The number of standard drinks was computed using 

information from the modified TLFB.11 Binge drinking was defined as four or more 

standard drinks per occasion.23

Analyzed maternal characteristics included demographics, reproductive history, prenatal 

care, psychological (e.g., depression, anxiety), and SES (e.g., income, relocation) (Table 1). 

This information was self-reported and collected at enrollment.11

Statistical Analysis

Analyses were performed using R, version 3.5.1 in 2019. Chi-square tests were used to 

evaluate racial differences in maternal characteristics. The Wilcoxon rank sums test was 

employed for a two-sided comparison of the amount of alcohol consumed by American 

Indians and Caucasians. An effect was considered as statistically significant if the p-value of 

the test was <0.05.

Simple logistic regression analyses were performed; drinking or binge drinking was 

modeled as the outcome, and race or other maternal characteristics that showed significant 

differences between Caucasian and American Indian mothers as the exposure (Appendix 

Table 1). ORs and the 95% CIs were derived from the logistic regression. Multiple logistic 
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regression analyses were further performed by including all variables to obtain AORs. 

Multicollinearity of variables was evaluated by computing the variance inflation factors. 

Every variable in each model has a variance inflation factor value <5, which is a commonly 

used threshold.24 Significance of an OR was defined as the 95% CI not including 1.

Regression models for drinking or binge drinking were built at each of the timeframes: 15 

days before and after LMP, first trimester, second trimester, third trimester, and 1-month 

post-delivery. The analysis was performed by trimester, concordant with the visit schedule of 

the Safe Passage Study. Sensitivity analyses using the model accounting for the entire 

pregnancy was compared to individual timeframe analyses. Because of the imbalanced data 

sets, models were not built for drinking 1-year prior to pregnancy and binge drinking in the 

second and third trimesters. To evaluate race-specific factors that associate with drinking, the 

entire cohort was stratified into two groups based on race. Separate multiple logistic 

regression models were built for American Indians and Caucasians. Sensitivity analyses 

were performed to determine whether the models based on racial stratification were similar 

to those from the entire cohort.

Human subject studies were performed in accordance with the ethical guidelines and 

approved by the Sanford IRB, Avera IRB, Oglala Sioux Tribe Research Review Board, and 

Great Plains Indian Health Service IRB.

RESULTS

Compared with Caucasian mothers, a higher percentage of American Indian mothers were 

Hispanic, aged <20 years, and single. Most American Indian women and their partners 

received education at or below the level of high school, whereas the majority of the 

Caucasian counterparts had education beyond high school. The number of pregnancies was 

greater among American Indian mothers than among Caucasian mothers. Around 6% of 

Caucasian women underwent assisted reproductive technology or ovulation induction, in 

contrast to 0.3% for American Indians. More than 90% of Caucasian mothers had prenatal 

care in all trimesters whereas only 60% of American Indian mothers received prenatal care 

in all trimesters. American Indian mothers showed higher prevalence of anxiety and 

depression than Caucasians. Most American Indian mothers had a lower SES, reflected in 

health coverage from public assistance, government support, and low income. In addition, 

American Indian mothers relocated more often: 26% moved more than once within a year in 

contrast to 10% for Caucasian mothers. Significant differences were found in all 

demographics and social indicators between the two races except the infant sex (Table 1).

During the entire pregnancy, Caucasian mothers were more likely to consume alcohol than 

American Indians (63% vs 52%). Conversely, American Indian mothers were more likely to 

binge drink than Caucasians (41% vs 28%). This was also true at individual timeframes: 1 

year prior to pregnancy, LMP, three trimesters, and 1 month postpartum (Figure 1, Appendix 

Tables 2 and 3). Most women consumed alcohol in the year prior to pregnancy. Around half 

of the women reported alcohol use at LMP and first trimester. Few reported drinking in the 

second and third trimesters. However, alcohol use rose 1 month after delivery. The trend of 
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binge drinking across pregnancy was similar to that of any drinking, but with lower 

prevalence rates.

Among women who reported any alcohol use, Caucasian mothers had a higher number of 

drinking days than American Indians during and after pregnancy. Some women consumed 

alcohol every day around LMP and after delivery (Appendix Table 4). However, the quantity 

of drinks consumed by American Indians was greater than Caucasians. There were 

individuals of both races who consumed alcohol heavily around the LMP and in the first 

trimester (Appendix Figure 1). Among binge drinkers, American Indian mothers reported 

more binge episodes than Caucasian mothers around the LMP and first trimester. A few 

women reported heavy binge drinking in these timeframes independent of race (Appendix 

Figure 2).

The ORs of drinking for American Indians (Caucasians as the reference) were calculated 

during and after pregnancy (Figure 2, Appendix Table 5). The crude ORs and 95% CIs were 

<1 at each time period. After the adjustment of covariates, American Indian mothers were 

found to be less likely to consume alcohol compared with Caucasians in the second and third 

trimesters as well as post-delivery. Specifically, there was a twofold decreased risk of any 

alcohol use for American Indian mothers compared with Caucasians in the second trimester 

(AOR=0.52). The risk was further reduced in the third trimester and after delivery 

(AOR=0.10, AOR=0.30). Sensitivity analyses using the model accounting for the entire 

pregnancy found no significant race differences in alcohol consumption (Table 2).

Based on crude ORs, the risk of binge drinking was higher for American Indian mothers 

compared with Caucasians in individual timeframes (Figure 2, Appendix Table 6). After the 

adjustment of confounding variables, increased risk of binge drinking was observed around 

the LMP and first trimester for American Indian mothers. The risk increased modestly in 

these two timeframes (AOR=1.40, AOR=1.35). Sensitivity analyses using the model for the 

entire pregnancy showed a similar result (AOR=1.38) (Table 2), indicating American Indian 

mothers were more likely to binge drink during pregnancy.

Drinking behaviors were also be influenced by social and economic factors (Table 2). For 

Caucasian mothers, the risk of alcohol consumption increased with age (AOR=1.58), and the 

risk of binge drinking decreased for those who were married or partnered (AOR=0.58). 

Mothers with more pregnancies or those who received fertility treatment had decreased odds 

of drinking and binge drinking (parity: AOR=0.70, AOR=0.73; fertility treatment: 

AOR=0.38, AOR=0.33). In addition, the risk for alcohol use increased with higher 

household income (AOR=1.31) and minimal government support (AOR=0.88).

For American Indian mothers, the risk factors for alcohol use during pregnancy were very 

different from those among Caucasian mothers. Frequent change of residence was the only 

factor that significantly increased the risk of drinking and binge drinking among American 

Indian mothers (AOR=1.38, AOR=1.29). Sensitivity analyses showed that the models using 

the entire cohort identified similar risk factors for prenatal drinking to those based on racial 

stratification. (Table 2).
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DISCUSSION

This study analyzed the alcohol use among 4,877 pregnant women from the Northern Plains. 

Fifty-nine percent of women reported alcohol consumption at some time during pregnancy 

and 33% reported binge drinking. These rates are higher than the estimates from two 

national studies.12,14 Although the general population was recruited, the Northern Plains 

historically has had more alcohol use than the national average. Data collection methods also 

play a role in the higher drinking rates from this study. The Safe Passage study collected 

alcohol use data via in-person in-depth interviews using TLFB approaches,15 whereas the 

two national studies conducted phone surveys.12,14

Decreased drinking rates after the first trimester were found. This is consistent with results 

from the National Birth Defects Prevention Study.14 Late recognition of pregnancy is likely 

the reason for a higher alcohol use rate in the first trimester than later trimesters. Binge 

drinking during early pregnancy has a profound effect on brain and organ development.25 

The fact that binge drinking was higher in the first trimester for American Indians compared 

with Caucasians has important consequences.

This analysis illustrates the opposite of commonly held stereotypes or misconceptions about 

racial differences in prenatal alcohol use in the Northern Plains. First, this analysis 

demonstrates that more American Indian women abstained from drinking during pregnancy 

than Caucasian women. Second, the decline in the rate of drinking over the course of 

pregnancy was comparable between American Indian and Caucasian mothers. The finding 

of lower rates of alcohol use for American Indian pregnant women is consistent with the 

result from an earlier study that used the 2005–2009 data from National Survey of Drug Use 

and Health.21 Similar to the Safe Passage study, that was an in-person survey, which can 

potentially produce different results than telephone interviewing or mail survey.

Others studies conducted in the Northern Plains have found either no difference or more 

prenatal alcohol use by American Indians. One study reported no difference in alcohol 

consumption by race via mailing surveys to South Dakota mothers who gave birth in 2014.20 

Based on the 2007–2012 birth certificates self-reported by North Dakota women, American 

Indians had more alcohol use during pregnancy than Caucasians.19 Another Northern Plains 

study asked women to complete a Prenatal Questionnaire at their first prenatal care visit and 

found that American Indian women had a higher risk for alcohol use during pregnancy 

compared with other racial groups.18 Therefore, the discrepancies in prenatal drinking 

between races may be due in part to the timing of assessments, variations in self-report 

methodology, and sample size.

American Indian mothers were found to be younger and have fewer years of education and 

lower household income than Caucasians, similar to the findings from other studies.19,20 

Some of these demographic and social factors significantly impacted alcohol use during 

pregnancy. For American Indian mothers, the change of residence was the single most 

important risk factor for prenatal drinking and binge drinking. Frequent relocation is usually 

associated with the financial stress as well as lack of social support. For American Indians 

specifically, relocation occurs between homes on a reservation or between reservations and 
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cities. People who experience changes of residence are prone to stress and poor mental 

health,26,27 which may contribute to heavier drinking behaviors. Most risk factors were not 

significant for American Indian women. The SES status of American Indians was relatively 

uniform and located in the lower category of government support and health coverage.

Risk factors of prenatal alcohol use for Caucasian mothers were substantially different from 

those for American Indians. Older Caucasian women from higher-income families were 

more likely to drink during pregnancy. This result has confirmed findings from other studies 

conducted in the Northern Plains, U.S., United Kingdom, Netherlands, and Norway that 

prenatal drinking is more common among older women.20,28 Women of higher SES are 

older and more likely to participate in social activities involved in alcohol consumption.

Limitations

The current study has several limitations. First, alcohol consumption was self-reported and 

could be complemented by objectively measured biomarkers. Several biomarkers have been 

developed to evaluate PAE by measuring ethanol metabolites in specimens from either the 

mother or infant or measuring offspring DNA methylation.28–32 Second, although a general 

population in the Northern Plains was recruited, the participants who visited the clinic sites 

may be subject to sampling bias. Third, the race information was self-reported, which could 

lead to misclassification. Fourth, addresses of relocation were not collected. Thus, for 

American Indians, it is unknown whether relocation occurred more frequently on 

reservations or between reservations and cities. Finally, interaction terms for maternal 

variables need to be investigated further.

CONCLUSIONS

This is the first study of this size to comprehensively characterize the alcohol use among 

pregnant women in the Northern Plains. Although alcohol use during pregnancy was less 

common among American Indians than Caucasians, among those who consumed alcohol, 

American Indian mothers consumed larger quantities. Relocation was found to be the sole 

risk factor for American Indian mothers, whereas different risk factors were found for 

Caucasian mothers. Understanding racial differences in risk factors and patterns of alcohol 

consumption will help tailor prevention efforts toward specific racial groups and may lead to 

greater acceptance of prevention efforts. In the past, health promotion campaigns focused 

exclusively on complete avoidance of alcohol by women when pregnant or attempting to 

become pregnant have faced resistance.33 Future programs and interventions for prenatal 

alcohol use must consider contextual factors. For American Indian mothers specifically, 

programs should be in place to provide housing and social assistance, and education should 

focus on the important consequences of binge drinking.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Prevalence of drinking and binge drinking before, during, and after pregnancy by race.

Notes: At each time point, a significant difference in dichotomous drinking was found 

between American Indian and Caucasian mothers (p<0.05, Chi-squared test). A significant 

difference was also found in binge drinking between the two races at each time point except 

T3 (p<0.05 Chi-squared test).

1YrPrior, 1 year prior to pregnancy; LMP, last menstrual period; T1, first trimester; T2, 

second trimester; T3, third trimester, 1MoPost, 1 month post-delivery.
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Figure 2. 
Association of drinking or binge drinking during and after pregnancy with being American 

Indian.

Notes: The associations were estimated without adjustment (crude OR) and with adjustment 

(AOR) for factors showing significant differences between American Indians and 

Caucasians in Appendix Table 1. Due to the reduced sample size of women who were binge 

drinkers in the second and third trimester, race differences in binge drinking were not 

determined in the two time frames.

LMP, last menstrual period; T1, first trimester; T2, second trimester; T3, third trimester, 

1MoPost, 1 month post-delivery.
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Table 1.

Maternal Characteristics Potentially Confounding Racial Differences in Prenatal Alcohol Use

Characteristics American Indian, n (%)
a
 2,124 (44) Caucasian, n (%) 2,753 (56)

Demographics

 Ethnicity

  Not Hispanic or Latina 1,973 (93) 2,701 (98)

  Hispanic or Latina 151 (7) 52 (2)

 Age, years

  <20 364 (17) 110 (4)

  20–34 1,630 (77) 2,369 (86)

  ≥35 130 (6) 274 (10)

 Marital status

  Single 583 (27) 181 (7)

  Married or partnered 1,539 (73) 2,572 (93)

 Education

  Any primary school 76 (4) 10 (0)

  Some high school 815 (38) 98 (4)

  Completed high school 606 (29) 358 (13)

  Beyond high school 625 (29) 2,287 (83)

 Partner education

  Any primary school 30 (2) 7 (0)

  Some high school 432 (30) 88 (3)

  Completed high school 631 (43) 526 (21)

  Beyond high school 369 (25) 1,914 (76)

 Infant sex

  Male 960 (49) 1,301 (49)

  Female 981 (51) 1,350 (51)

Reproductive history

 Gravidity

  1 442 (22) 794 (29)

  2 486 (24) 814 (30)

  3 360 (18) 525 (20)

  >3 738 (36) 564 (21)

 Parity

  0 532 (26) 999 (37)

  1 501 (25) 938 (35)

  2 373 (18) 492 (18)

  >2 620 (31) 268 (10)

 Fertility treatment
b

  No 1,944 (100) 2,502 (94)

  Yes 5 (0) 154 (6)

Prenatal care
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Characteristics American Indian, n (%)
a
 2,124 (44) Caucasian, n (%) 2,753 (56)

 Prenatal care in all trimesters

  No 789 (40) 202 (8)

  Yes 1,174 (60) 2,455 (92)

Mental health

 Anxiety
c

  No 1,262 (71) 2,300 (87)

  Yes 504 (29) 332 (13)

 Depression
d

  No 1,481 (83) 2,467 (94)

  Yes 306 (17) 169 (6)

SES

 Health coverage
e

  Commercial insurance 43 (2) 1,924 (73)

  Self-pay 1 (0) 41 (2)

  Public assistance 1,725 (98) 662 (25)

 Government support
f

  None 50 (4) 1,724 (75)

  Prenatal only 5 (1) 19 (1)

  Postnatal only 62 (5) 104 (5)

  Both 1,042 (90) 434 (19)

 Household monthly income, dollars

  250 324 (19) 35 (1)

  750 493 (28) 91 (4)

  1,500 518 (30) 293 (11)

  >2,500 402 (23) 2,181 (84)

 Relocation within a year

  None 766 (45) 1,770 (68)

  Once 502 (29) 558 (22)

  More than once 441 (26) 262 (10)

Note: Pearson’s chi-squared test to test race differences in the variables: p<0.05 for all variables except infant sex.

a
Race information was collected in the following categories: American Indian or Alaska Native, white, Asian, black or African American, Native 

Hawaiian or other Pacific Islander, and other/unknown. Only American Indian or Alaska Native and white were included in this study.

b
Fertility treatment included fertility treatment included assisted reproductive technology (in vitro fertilization, intracystoplasmic sperm injection, 

zygote intrafallopian transfer, gamete intrafallopian transfer) and ovulation induction with or without artificial insemination.

c
Anxiety was defined as having a STAI State Anxiety Cutoff Score >40 or STAI Trait Anxiety Cutoff Score >40 at any time point during 

pregnancy.

d
Depression was defined as having an Edinburgh Depression Scale >13 at any time point during pregnancy.

e
Public assistance included statewide Medicaid program, other statewide option, Veteran’s Benefits, and Indian Health Services.

f
Government support referred to Electronic Benefit Transfer (EBT)/Food Stamps, or Temporary Assistance for Needy Families (TANF), or 

Women, Infants and Children (WIC).
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Table 2.

Association of Alcohol Consumption During the Entire Pregnancy With Maternal Characteristics by Race

Variables
a Drinking Binge drinking

American Indian Caucasian Entire cohort
b American 

Indian
Caucasian Entire cohort

OR 
(95% 
CI)

AOR
c 

(95% 
CI)

OR 
(95% 
CI)

AOR 
(95% 
CI)

OR 
(95% 
CI)

AOR 
(95% 
CI)

OR 
(95% 
CI)

AOR 
(95% 
CI)

OR 
(95% 
CI)

AOR 
(95% 
CI)

OR 
(95% 
CI)

AOR 
(95% 
CI)

American 
Indian, 
ref=Caucasian

NA NA NA NA 0.64 
(0.57, 
0.72)

0.81 
(0.63, 
1.05)

NA NA NA NA 1.86 
(1.64, 
2.11)

1.38 
(1.05, 
1.83)

Hispanic, 
ref=no

1.21 
(0.86, 
1.72)

1.10 
(0.61, 
1.97)

1.00 
(0.57, 
1.84)

1.60 
(0.74, 
3.70)

0.99 
(0.74, 
1.34)

1.21 
(0.76, 
1.92)

1.20 
(0.84, 
1.70)

0.97 
(0.51, 
1.76)

0.90 
(0.45, 
1.69)

0.76 
(0.30, 
1.74)

1.37 
(1.01, 
1.85)

0.89 
(0.53, 
1.44)

Age 1.03 
(0.85, 
1.24)

1.38 
(0.97, 
1.98)

1.41 
(1.13, 
1.75)

1.58 
(1.19, 
2.11)

1.30 
(1.12, 
1.49)

1.59 
(1.27, 
1.98)

0.99 
(0.82, 
1.21)

1.26 
(0.87, 
1.82)

0.92 
(0.73, 
1.17)

1.12 
(0.81, 
1.53)

0.83 
(0.72, 
0.97)

1.25 
(0.99, 
1.57)

Married or 
partnered, 
ref=single

0.73 
(0.60, 
0.89)

1.06 
(0.74, 
1.53)

1.11 
(0.81, 
1.52)

0.91 
(0.53, 
1.53)

1.00 
(0.85, 
1.17)

1.02 
(0.76, 
1.38)

0.71 
(0.58, 
0.87)

0.91 
(0.63, 
1.33)

0.52 
(0.38, 
0.71)

0.58 
(0.34, 
0.99)

0.53 
(0.45, 
0.63)

0.80 
(0.59, 
1.09)

Education 0.98 
(0.88, 
1.08)

0.99 
(0.83, 
1.16)

1.54 
(1.32, 
1.79)

1.22 
(0.96, 
1.55)

1.25 
(1.16, 
1.34)

1.02 
(0.89, 
1.17)

0.89 
(0.80, 
0.99)

0.97 
(0.81, 
1.15)

1.12 
(0.94, 
1.35)

1.00 
(0.77, 
1.32)

0.79 
(0.73, 
0.84)

0.96 
(0.83, 
1.11)

Partner 
education

0.92 
(0.81, 
1.06)

0.87 
(0.73, 
1.05)

1.27 
(1.09, 
1.47)

0.96 
(0.79, 
1.17)

1.30 
(1.19, 
1.41)

0.93 
(0.81, 
1.06)

0.86 
(0.75, 
0.99)

0.85 
(0.70, 
1.02)

1.00 
(0.84, 
1.18)

0.95 
(0.77, 
1.17)

0.81 
(0.74, 
0.88)

0.90 
(0.79, 
1.04)

Gravidity 0.87 
(0.80, 
0.94)

0.94 
(0.68, 
1.30)

0.80 
(0.74, 
0.86)

0.97 
(0.83, 
1.13)

0.80 
(0.77, 
0.85)

0.95 
(0.83, 
1.09)

0.92 
(0.85, 
0.99)

0.99 
(0.70, 
1.38)

0.84 
(0.77, 
0.91)

1.01 
(0.86, 
1.19)

0.92 
(0.87, 
0.97)

0.99 
(0.85, 
1.15)

Parity 0.88 
(0.81, 
0.95)

0.92 
(0.66, 
1.28)

0.76 
(0.70, 
0.82)

0.70 
(0.59, 
0.84)

0.79 
(0.75, 
0.83)

0.79 
(0.68, 
0.91)

0.92 
(0.85, 
0.99)

0.96 
(0.68, 
1.36)

0.79 
(0.72, 
0.86)

0.73 
(0.60, 
0.89)

0.93 
(0.88, 
0.99)

0.83 
(0.71, 
0.98)

Fertility 
treatment, 
ref=no

1.44 
(0.24, 
10.93)

1.14 
(0.13, 
10.09)

0.47 
(0.34, 
0.66)

0.38 
(0.26, 
0.54)

0.60 
(0.44, 
0.83)

0.41 
(0.29, 
0.59)

0.37 
(0.02, 
2.51)

0.00 
(NA)

0.32 
(0.18, 
0.53)

0.33 
(0.19, 
0.55)

0.26 
(0.15, 
0.42)

0.34 
(0.19, 
0.56)

Prenatal care, 
ref=no

0.88 
(0.73, 
1.06)

0.75 
(0.56, 
1.00)

1.08 
(0.80, 
1.45)

0.87 
(0.58, 
1.29)

1.17 
(1.01, 
1.35)

0.76 
(0.60, 
0.96)

0.86 
(0.71, 
1.05)

0.85 
(0.63, 
1.16)

1.09 
(0.77, 
1.57)

0.97 
(0.62, 
1.53)

0.69 
(0.59, 
0.81)

0.86 
(0.68, 
1.11)

Anxiety, 
ref=no

1.25 
(1.02, 
1.55)

1.13 
(0.80, 
1.60)

0.79 
(0.63, 
1.00)

0.88 
(0.65, 
1.21)

0.90 
(0.77, 
1.05)

1.00 
(0.79, 
1.26)

1.41 
(1.14, 
1.75)

1.33 
(0.93, 
1.90)

1.09 
(0.84, 
1.41)

0.94 
(0.66, 
1.32)

1.44 
(1.22, 
1.69)

1.11 
(0.87, 
1.42)

Depression, 
ref=no

1.19 
(0.93, 
1.53)

1.05 
(0.70, 
1.58)

0.81 
(0.59, 
1.11)

0.90 
(0.58, 
1.40)

0.89 
(0.74, 
1.08)

1.00 
(0.75, 
1.35)

1.21 
(0.93, 
1.55)

1.00 
(0.65, 
1.51)

1.13 
(0.79, 
1.59)

1.10 
(0.68, 
1.75)

1.36 
(1.11, 
1.66)

1.05 
(0.77, 
1.43)

Health 
coverage

0.96 
(0.71, 
1.31)

0.91 
(0.59, 
1.39)

0.87 
(0.80, 
0.96)

1.13 
(0.95, 
1.34)

0.78 
(0.74, 
0.83)

1.03 
(0.89, 
1.20)

1.28 
(0.92, 
1.83)

1.26 
(0.79, 
2.10)

1.10 
(1.00, 
1.22)

1.14 
(0.95, 
1.37)

1.28 
(1.20, 
1.37)

1.10 
(0.93, 
1.29)

Government 
support

0.89 
(0.74, 
1.06)

0.83 
(0.67, 
1.04)

0.84 
(0.78, 
0.90)

0.88 
(0.78, 
0.99)

0.80 
(0.76, 
0.83)

0.84 
(0.75, 
0.93)

1.16 
(0.96, 
1.42)

0.96 
(0.76, 
1.22)

1.02 
(0.94, 
1.10)

0.96 
(0.83, 
1.10)

1.13 
(1.07, 
1.19)

0.93 
(0.83, 
1.05)

Household 
income

0.97 
(0.88, 
1.06)

1.08 
(0.94, 
1.24)

1.30 
(1.13, 
1.49)

1.31 
(1.05, 
1.65)

1.22 
(1.15, 
1.30)

1.13 
(1.01, 
1.27)

0.92 
(0.83, 
1.01)

1.07 
(0.93, 
1.24)

0.94 
(0.81, 
1.10)

1.20 
(0.94, 
1.56)

0.81 
(0.76, 
0.87)

1.09 
(0.96, 
1.23)

Relocation 1.38 
(1.22, 
1.55)

1.38 
(1.16, 
1.64)

0.96 
(0.85, 
1.08)

0.95 
(0.82, 
1.11)

1.05 
(0.96, 
1.14)

1.12 
(1.00, 
1.26)

1.34 
(1.19, 
1.51)

1.29 
(1.08, 
1.54)

1.16 
(1.02, 
1.32)

0.97 
(0.82, 
1.15)

1.35 
(1.24, 
1.47)

1.12 
(0.99, 
1.27)

Am J Prev Med. Author manuscript; available in PMC 2021 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ye et al. Page 15

Note: Boldface indicates statistical significance (95% CI not including 1).

a
Values assigned to each variable are in Appendix Table 1.

b
The entire cohort includes both American Indian and Caucasian mothers.

c
AOR was calculated from multivariate logistic regression models by including all variables in the table.

NA, not applicable.
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