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I. Abstract

Preterm births present significant increased medical risks for children born. The medical

community has largely focused on identifying individual factors that increase preterm birth risk

for mothers, yet additional research is needed to identify systemic factors that increase preterm

birth rates in certain geographic areas. Systemic analysis comparing geographic areas in

Minnesota is critical because the preterm birth rates of Minnesotan counties differ. Some

counties have a singleton preterm birth rate of over 10% while other counties have a preterm

birth rate under 5%.

This paper is based on a review of research literature and my own empirical analysis on

preterm birth rates across counties in Minnesota. Both the correlates of county level preterm

birth rates in Minnesota and potential interventions are identified. Correlates related to higher

county level preterm birth rates include racial and ethnic disparities, particularly between

American Indian mothers and other maternal demographic groups, maternal smoking, and high

abortion rates in counties. High abortion rates potentially indicate high levels of unplanned

pregnancies. Interventions may include greater representation of Black and American Indian

women in the medical field, and increased trust and transparency between medical practitioners

and patients to improve the efficacy and consistency of healthcare. Smoking cessation

interventions implemented on the environmental and individual levels, comprehensive sexual

education, and the implementation of policies supportive to motherhood to decrease stress and

increase the feasibility of parenting also hold critical importance.



II. Introduction

Despite spending a higher percentage of GDP on healthcare than any other high income

nation, the United States has a disproportionately high preterm birth rate (1). Reducing preterm

birth rates is critical to public health. Why do preterm birth rates matter? Preterm births are

associated with 75% of neonatal deaths and over 50% of neonatal intensive care admissions (2).

Being born too early can have a wide-ranging impact on a person’s physical and mental health in

the short and long term. Children born before 28 weeks spend approximately 85 times as much

time in the hospital as full-term children and are more likely to experience educational and

developmental struggles including needing non-teaching assistance in schools (3).

For individuals, the likelihood of having a preterm birth is related to a number of known

and unknown risk factors. System level factors and barriers also contribute to variation in

preterm birth rates across locations. This paper seeks to explain differences in preterm birth rates

across counties in Minnesota based on demographic, social, and economic factors. An

exploratory analysis was conducted to investigate factors associated with county preterm birth

rates. After research findings are discussed, this paper will conclude with an intervention section,

describing policy recommendations with potential to reduce high preterm birth rates in

Minnesota.

It is important to note that there are additional considerations not listed in this report that

are critical to understanding preterm births as a trend in the U.S. and Minnesota specifically. For

example, the preterm birth variable in this analysis only documents singleton births. Having

multiple children at once significantly increases the likelihood of the children being born early;

this is more common in older mothers who use reproductive technologies to become pregnant - a

growing trend in the U.S. and other high income countries. Thus, the preterm birth rate in this



report will be lower than the overall preterm birth rate of Minnesota in alternative studies, due to

the nature of this data. Additionally, anatomical differences such as having a shorter than average

cervix can contribute to preterm births, as does a history of being underweight or obese or having

a sexually transmitted infection (STI) (4). Other variables, such as maternal nutrition, appear to

have effects on birth outcomes, but are still being debated by researchers (5). Even more,

important variables such as domestic violence rates, the availability of health services, and use of

drugs and alcohol during pregnancy were not included in the Minnesota Department of Health

data. Therefore, while this analysis is a beginning to a deeper understanding of the important

health phenomena of preterm births, it is not comprehensive and does not seek to directly address

causality, but instead seeks to highlight potential connections and systems behind higher preterm

birth rates on the county level.



III. Methods and Data

The main research question of this study is: what factors relate to differences between the

preterm birth rates of the 87 counties in Minnesota? In order to analyze this, preliminary data

was taken from the Minnesota Department of Health, specifically health tables measuring

statistics at the county level (6). Additional data was found in the Minnesotan Woman’s Right to

Know Act tables detailing the number of legal induced abortions per year in each county (7).

A. Defining the Data

Figure 1

Variables Description

Preterm Birth Rate Percentage of singleton births born prior to 37 weeks of pregnancy from 2013 to 2017

Maternal Demographic
Variables

Demographic information specific to mothers in 2017, separated into racial groups as
follows: white, Black, American Indian, Asian, and Latinx. Those who identified as
Latinx were described as a distinct racial/ethnic group

Prenatal Care
Utilization Rate

The percent of women in the county who received prenatal care in the first trimester of
pregnancy from 2013 to 2017

Abortion Rate (legally
recorded)

This was constructed through county level data tables that showed abortion counts per
county per year, to find the rate, the counts were added across 2013 to 2017, then
divided by the total number of births for that county from 2013 to 2017

Maternal Smoking Rate The percentage of mothers who reported smoking during pregnancy from 2013 to 2017

Percentage of
Unmarried Mothers

The percentage of mothers who gave birth and were not married at the time of their
child’s birth from 2013 to 2017

Child Poverty Rate The average percentage from 2013-2017 of children under 17 years of age living in
families below the poverty line. Poverty is used since average incomes are easily
skewed due to few high income earners

Proportion of Students in
English as a second
language classes (ESL)

The average percent of students with limited English proficiency per county from
preschool to high school in the range of 2014-2018

High School Dropout
Rate

The average high school dropout rate from 2014-2018

Dependency Ratios The elderly dependency ratio is the number of people in the county age 65+/total
population from 15-64 * 100. The child dependency ratio is the number of children
ages 0-14/people ages 15-64 * 100



B. Models

B.1. Conceptual Model

In order to analyze the research question, I created nine main regression models focused

on preterm birth rates, prenatal care, and maternal smoking. The regressions focused on prenatal

care and maternal smoking were conducted after the regressions for preterm birth rates to

analyze what may drive changes to these factors on the county level due to their connectedness

to maternal and child health. In conducting these regressions, I chose from available variables

recorded through the Minnesota Department of Health datasets.

For analyzing preterm birth rates, I focused on two main variable topics: demographic

and risk factor variables. For demographic variables I specifically used the maternal

demographic groups rather than general demographic groups to get a closer picture of birth

disparities between counties with more mothers of specific racial and ethic backgrounds. For risk

factor variables I included five variables. One variable was the county abortion rate because

pregnancy terminations may indicate high levels of unplanned pregnancies, and have risks for

subsequent births (8). I included child poverty rates because of the connection between familial

financial health and physical health, potentially through the pathway of heightened stress. The

marital status of mothers has been included in past studies as an independent risk factor for

preterm births, even when a mother is cohabiting with a partner (9). This result may differ

depending on the region and the cultural norms thereof, as elaborated upon later in this report.

Maternal smoking rates were also included due to the effects smoking and secondhand smoke

have on birth outcomes. Similarly, prenatal care is a routine component of maternal and child

health and therefore I wanted to see what its effect on preterm births may be.



I did not include several variables of interest in this regression. For example, I did not

include the proportion of students in ESL. The proportion of students in ESL gives an indication

of the proportion of families where English is not the first language spoken. In many cases, this

means one or more parents are not originally from the United States. In certain maternal

demographic groups, being born in a foreign country presents benefits to maternal and child

health statistics, yet for other groups being born in a foreign country can mean additional stress

while pregnant, especially depending on one’s immigration status (10). Therefore, I decided not

to include this variable due to its likely ambiguous results while looking at preterm births

directly. Similarly, I did not include the dependency ratios, as having more children in a family

could make subsequent pregnancies more or less stressful depending on the individual situation.

For both the prenatal care and maternal smoking regressions, I followed a similar format

to the preterm birth regressions, analyzing both demographic and risk factor variables. For the

risk factors associated with prenatal care utilization, I included the child dependency ratio due to

the challenge of finding childcare implied by those with greater dependents, which may prevent

a mother from attending an appointment. The elderly dependency ratio could indicate that there

may be intergenerational support in the area, which also may affect maternal support and

childcare options. For this regression I did include the variable representing ESL students

because of potential language barriers to receiving care. Education was considered as potentially

linked to less sexual education and its accompanying increase in risk of unplanned pregnancy;

education can also lead women to delay pregnancy due to educational and career related goals.

Maternal smoking was included due to stigma during visits which could prevent a woman from

seeking care. Child poverty also appeared important, as mothers may work more hours and not

have time for prenatal care, or may not have adequate access to clinics in the geographic area.



In exploratory analyses I included the proportion of unmarried mothers in the regression.

When controlling for poverty I found it had an atypical relationship to what prior research

suggested. The results showed that counties with more unmarried mothers were more likely to

seek out early prenatal care, but demonstrated only slight statistical significance. When poverty

was omitted the reverse relationship was visible, suggesting that marital status could affect

prenatal care through the specific pathway of income security. Due to this conflicting result, I

omitted maternal marital status for the final prenatal care regression. I also did not include the

abortion rate because it appeared to have little to no relationship to prenatal care utilization.

For the smoking regressions a similar pattern was followed. The risk factor variables

included child poverty. Poverty has been shown to increase the use of both illegal and legal

drugs, particularly in women who also struggle with mental health. The combination of such

factors can lead to becoming unhoused, riskier living and health related situations, and declining

ability to find stable work (11). The marital status of mothers in the county was included in

exploratory analyses and kept due to high statistical significance (12). The proportion of students

in ESL was included due to its likelihood to have a negative relationship to maternal smoking,

since mothers born in countries other than the U.S. tend to have lower maternal smoking rates

(10). High school dropout rates were included to detail how educational level may affect

maternal smoking. I did not include the child or elderly dependency ratios as in exploratory

analyses they failed to demonstrate statistical significance.



B.2. County preterm birth rates

In the first equation analyzing preterm birth rates, only demographic variables were

included. This model helps determine if variation in preterm birth rates across counties is related

to the shares of the population of different demographic groups. The percentage of white

mothers, the largest maternal demographic in Minnesota, was used as the control group. The

regression was as follows:

County Preterm Birth Rate = β0 + β1(Percentage of Latinx mothers) + β1 (Percentage of

American Indian mothers) + β2 (Percentage of Asian Mothers) + β3 (Percentage of Black mothers)

When looking at demographic statistics, it is important to further question why disparities

between maternal demographic groups may exist. While it was not possible to capture

unmeasured variables like racism and discrimination on the personal level in this empirical

analysis, it is possible to probe into structural barriers to health that could be affecting certain

demographic groups more than others. To further analyze such structural barriers, I next focus on

variables that represent risk factors for individuals that could potentially affect county level

preterm birth rates. The regression was as follows:

County Preterm Birth Rate = β0 + β1(Abortion Rate) + β1 (Child Poverty Rate) +

β2 (Proportion of Unmarried Mothers) + β3 (Maternal Smoking Rate) + β4 (Prenatal Care Rate)

I then combined these two regressions to analyze health disparities by demographic

groups while including the variables considered to be risk factors for preterm births:

County Preterm Birth Rate = β0 + β1(Percentage of Latinx mothers) + β1 (Percentage of

American Indian mothers) + β2 (Percentage of Asian Mothers) + β3 (Percentage of Black mothers) +

β4 (Abortion Rate) + β5 (Child Poverty Rate) + β6 (Proportion of Unmarried Mothers) +

β7 (Maternal Smoking Rate) + β8 (Prenatal Care Rate)



B.3. Predictors of Use of Prenatal Care

Prenatal care has been largely cited in literature as a preventative measure for birth

complications. In order to analyze potential barriers to prenatal care, I used a similar model to the

preterm birth regressions. First, I used a model focused on demographic variables to help us

determine if variation across counties in the preterm birth rate is related to the shares of the

population of different demographic groups. The percentage of white mothers was again used as

the control group:

Estimated First Trimester Prenatal Care Utilization (%) = β0 + β1 (Percentage of Latinx

mothers) + β1 (Percentage of American Indian mothers) + β2 (Percentage of Asian Mothers) + β3

(Percentage of Black mothers)

I next explored risk factor variables related to county-level variation in use of prenatal

care. The regression equation was as follows:

Estimated First Trimester Prenatal Care Utilization (%)  ~ β0 + β1(Child Dependency Ratio)

+ β1 (Elderly Dependency Ratio) + β2 (Percentage of Students in ESL Classes) + β3 (High School

Dropout Rate) + β4 (Maternal Smoking Rate) + β5 (Child Poverty Rate)

I then combined the two regressions to analyze prenatal care utilization considering

differences between demographic groups while controlling for variables considered to be risk factors

for lower prenatal care utilization:

Estimated First Trimester Prenatal Care Utilization (%)  ~ β0 + β1 (Percentage of Latinx

mothers) + β2 (Percentage of American Indian mothers) + β3 (Percentage of Asian Mothers) + β4

(Percentage of Black mothers) + β5(Child Dependency Ratio) + β6 (Elderly Dependency Ratio) + β7

(Percentage of Students in ESL Classes) + β8 (High School Dropout Rate) + β9 (Maternal Smoking

Rate) + β10 (Child Poverty Rate)



B.4. Predictors of Maternal Smoking

A similar process was utilized to discuss and analyze predictors of maternal smoking, a

variable of great importance when considering its effects on maternal and child health. The first

regression conducted focused on demographic variables:

Estimated Maternal Smoking Rate = β0 + β1 (Percentage of Latinx mothers) + β1

(Percentage of American Indian mothers) + β2 (Percentage of Asian Mothers) + β3 (Percentage of

Black mothers)

The second regression considered risk factor variables such as child poverty rates, maternal

marital status, language barriers and education levels:

Estimated  Maternal Smoking Rate = β0 + β1(Child Poverty Rate) + β2 (Percentage of

Unmarried Mothers) + β3 (Percentage of Students in ESL Classes) + β4 (High School Dropout Rate)

The third regression considered both demographic and risk factor variables:

Estimated Maternal Smoking Rate = β0 + β1 (Percentage of Latinx mothers) + β1

(Percentage of American Indian mothers) + β2 (Percentage of Asian Mothers) + β3 (Percentage of

Black mothers) + β4 (Child Poverty Rate) + β5 (Percentage of Unmarried Mothers) + β6 (Percentage

of Students in ESL Classes) + β7 (High School Dropout Rate)



C. Descriptive Statistics

Figure 2:

Variable of Interest: Average: Maximum: Minimum: Variance:

Preterm Birth Rate
(Dependent Variable

6.85% 10.80%
(Mahnomen County)

4.40%
(Sherburne County)

1.24

Percentage of Black
mothers

3.9% 22.98%
(Hennepin County)

0.00%
(Multiple Counties)

28.09

Percentage of American
Indian Mothers

2.26% 63.27%
(Mahnomen County)

0.00%
(Multiple Counties)

88.38

Percentage of Latinx
Mothers

4.61% 50.00%
(Watonwan County)

0.00%
(Multiple Counties)

63.73

Percentage of Asian
Mothers

1.79% 23.26%
(Ramsey County)

0.00%
(Multiple Counties)

13.57

Prenatal Care Utilization 75.10% 92.40%
(Jackson County)

52.80%
(Mahnomen County)

37.28

Maternal Smoking Rate 14.90% 48.50%
(Mahnomen County)

3.80%
(Carver County)

46.40

Percentage of Unmarried
Mothers

34.90% 77.80%
(Mahnomen County)

14.60%
(Carver County)

89.60

Child Poverty Rate 14.69% 33.60%
(Mahnomen County)

4.64%
(Carver County)

22.27

Abortion Rate (those
legally recorded)

5.70% 21.06%
(Ramsey County)

0.00%
(Multiple Counties)

21.90

High School Dropout
Rate

4.92% 17.83%
(Mahnomen County)

1.25%
(Carver County)

8.42

Proportion of ESL
Learners

3.68% 24.80%
(Nobles County)

0.00%
(Multiple Counties)

24.46

Child Dependency Ratio 30.74% 47.04%
(Mahnomen County)

21.32%
(Winona County)

13.41

Elderly Dependency
Ratio

30.74% 55.66%
(Aitkin County)

14.74%
(Scott County)

66.89



IV. Empirical Results

Table 1: Regression results

Dependent variable: Preterm Birth Rate per County (%)
(1)                              (2) (3)

Intercept 6.711
(0.173)***

5.906
(2.07)**

4.939
(2.188)*

American Indian Mothers (%) 0.0568
(0.0116)***

0.0427
(0.175)*

Black Mothers (%) 0.0228
(0.0244)

0.0151
(0.028)

Latinx Mothers (%) -0.0079
(0.0136)

0.0097
(0.0174)

Asian Mothers (%) -0.0437
(0.0351)

-0.0429
(0.038)

Abortion Rate (%) 0.0613
(0.024)*

0.069
(0.0284)*

Child Poverty Rate (%) 0.0183
(0.389)

0.0095
(0.0385)

Unmarried Mothers (%) -0.0138
(0.0219)

-0.0195
(0.0276)

Maternal Smoking Rate (%) 0.0909
(0.0254)***

0.0664
(0.383)▪

Prenatal Care Utilization (%) -0.0066
(0.0211)

0.0107
(0.0231)

R-Squared 0.263 0.292 0.36

Adjusted R-Squared 0.227 0.248 0.285

87 observations
Standard Errors are in Parentheses
*** significant at 0.1% level, ** significant at the 1% level, * significant at the 5% level, ▪ significant at the 10%
level



V. Discussion

A. Demographic Variables

In the primary regression for preterm births focused on demographic variables one can

see that, on the county level, disparities are visible between mothers of different racial and ethnic

backgrounds. The highest coefficient estimate was for American Indian mothers, which was

statistically significant at the 0.001 level. The coefficient estimate indicates that for every one

percent increase in the share of American Indian mothers at the county level, the preterm birth

rate is expected to increase by approximately 0.0568 percentage points. The estimated coefficient

for Black mothers was also positive, at 0.0228, but was not statistically significant.

This data reflects similar results to more recent studies focused on the individual level.

As of 2019, the March of Dimes concluded that in Minnesota the preterm birth rate is 64%

higher for American Indian women than all other women in the state and noticeable disparities

also exist between Black women and white women in Minnesota (13). Looking at the disparities

between Black women and white women in Minnesota, it is meaningful to note that results vary

within populations, including how many women from each group are born in the U.S. or

elsewhere. In the Black population in the U.S., preterm birth rates tend to be lower for

foreign-born women. According to one study, foreign-born Black women had a 3.2 percentage

point lower risk of preterm birth than U.S.-born Black women (14). This trend is important to

recognize because in the Minnesota Department of Health dataset, the mother’s birthplace is not

identified. Yet, foreign-born women in Minnesota tend to have a higher fertility rate. As of 2017,

20% of children were born to foreign-born mothers in Minnesota (15).

A study by the American Journal of Preventive Medicine using cross-sectional data from

2016, attributed 38% of the disparities between Black and white preterm birth rates to covariate



differences, including maternal education, marital status, delivery payment method (insurance

status), and hypertension during pregnancy (16). These results somewhat contradict this study’s

empirical results, visible in the correlation matrix in section D of the appendix, which finds that

the percentage of unmarried mothers is negatively associated with the percentage of Black

mothers in a county and the high school dropout rate is not highly correlated. Yet, variables like

insurance status and hypertension were not included in this analysis, pointing to additional

possible connections between race and birth disparities.

Additional studies have suggested chronic, race-related, or pregnancy-specific stress,

particularly among Black women who possess higher educational and income levels, contributes

to persistent inequalities (17,18). Furthermore, chronic stress is linked to intermediary factors in

preterm births such as the presence of infections and altered gene expression (19). The presence

of infections during pregnancy has been cited in literature as one potential cause of racial

disparities in preterm births (20). Seeking medical care as a Black woman can foster additional

stress for a variety of reasons, including history of abuse from the medical system broadly,

contradicting pressures on Black women surrounding childbearing, and pervasive stereotypes of

Black women, sexuality, and motherhood (21). Furthermore, the chronic stress of motherhood as

Black women has led to disparities not just in maternal and child health, but also in abortion

rates, potentially leading to further complications when women do desire to have children (8,22).

In Minnesota in 2017, Black women made up approximately 3.9% of women giving birth, but

26% of women who terminated pregnancies (7). This has led reproductive justice advocates to

fight for a more comprehensive meaning of “choice” with women’s choices, including a healthy

and feasible motherhood (23).

Stress may also contribute to the disparity that exists between American Indian women



and other demographic groups. American Indian women experience a higher preterm birth rate in

addition to other poor birth outcomes such as high maternal mortality (24). It is essential to

recognize that even when controlling for other risk factors such as smoking and the abortion rate,

communities with more American Indian mothers appear to have higher preterm birth risks than

than other demographic groups. American Indian women have experienced enduring

disenfranchisement and discrimination, contributing to persistent psychosocial trends in the

American Indian community including substance abuse, mental health challenges, and domestic

violence that present additional risk factors not recorded in this study. Furthermore, American

Indian women are more likely to have teen pregnancies, poor financial situations and

pre-existing medical conditions. Pre-existing conditions are accentuated by lack of access to

consistent health care and lack of access to reliable, healthy, and culturally appropriate food (25).

The disparities that exist between American Indian women and women of other racial

and ethnic backgrounds, particularly in the areas of maternal and child health, are known by

health organizations in Minnesota. These disparities have been documented in the past (e.g.the

2015 Infant Mortality Reduction Plan outlined by the Minnesota Department of Health), yet

there is little literature studying the roots of these disparities (26). Rather, much available

literature focuses on health disparities broadly, noting the intergenerational factors stemming

from historical oppression, government programs, and institutional distrust (27). There also

appears to be a low prioritization of the American Indian focused health research due to lack of

representation in research positions and small population size. In Minnesota, American Indian

people make up approximately 1% of the population, thus in non-area studies health disparities

can fail to appear statistically significant due to small sample sizes. Therefore, more research into

the health disparities affecting American Indian populations in Minnesota is needed.



When analyzing the results of demographic data in relation to preterm births it is

important to keep several considerations in mind. Firstly, the maternal demographic groups in

these analyses are not homogenous, meaning that communities of the same racial or ethnic group

may have large differences in their lived experiences. This relates to the stated potential

differences between health statistics for Black mothers who immigrated to the U.S. before giving

birth versus Black mothers who were born in the U.S.. This also relates to how all Asian

Minnesotans including South, Central, and Eastern Asian identifying mothers are placed into one

demographic group despite significant cultural differences. The specific cultural identities within

demographic groups impact one’s health through numerous pathways, including but not limited

to one’s immigration status, sense of belonging in their area of residence, and level of familial

and financial support. Thus, the demographic categories in this report may fail to adequately

describe the nuance of demographic inequalities.

Further, both the data used in this report, and the aforementioned March of Dimes report

conducted in 2019, come prior to the COVID-19 pandemic. It is likely that the stress of

COVID-19, including financial challenges and increased pressure on mothers, will affect preterm

birth statistics. COVID-19 also saw large disparities between demographic groups, which may

accentuate the disparities present in preterm births. Even more, the COVID-19 era has seen

marked increases in Anti-Asian discrimination, particularly towards those of East Asian descent

(28). Thus, while significant disparities are not present in the 2019 data between mothers of

Asian and white maternal groups on the area level, these results may not hold in the post COVID

world.



B. Risk Factor Variables

In the second and third regressions with the preterm birth rate as the dependent variable,

one can see that the maternal smoking rate and abortion rate appear statistically signficant. Both

variables have positive coefficients, estimating higher county level preterm birth rates. The

percentage of unmarried mothers, the child poverty rate, and the prenatal care utilization rate

failed to be statistically significant predictors of preterm birth rates on the county level.

These findings are fascinating to analyze. The maternal smoking rate has been a

well-documented risk factor for birth complications due to the intake of chemicals that can

negatively affect a fetus, in addition to co-occurring health conditions that accompany smoking.

The abortion rate has been less documented as a systemic indicator of birth complications, but is

understood as an independent risk factor on the individual level for preterm births. Risks have

been associated with the physical effects of the procedures (8,22). Undergoing multiple

pregnancy terminations increases a woman’s risk risk of preterm birth further, thus reducing the

abortion rate is seen as a modifiable factor in reducing the preterm birth rate, but doing so

challenging (29). Currently incentives make it easier for women, particularly young women

without excess resources, to terminate pregnancies rather than give birth. On average terminating

a pregnancy costs approximately one tenth the cost of giving birth to a child in a hospital (30).

On the county level poverty is not associated with pregnancy terminations, yet on the

individual level a lack of financial stability is a top reason Minnesotan women terminate

pregnancies. This could be because the majority of women who terminate pregnancies in

Minnesota are between the ages of 20 and 29, and have some college education.  Even if the

women live in more prosperous areas, it is unlikely that they have large safety nets to fall back

on without familial support (7). The abortion rate appears to be higher in more populous counties



with greater populations of young adults, and more unmarried mothers. Given this result, in this

analysis the abortion rate may indicate something difficult to measure, that the county broadly

has more unplanned pregnancies. Unplanned pregnancy is seen as a risk factor for preterm births

and birth complications because of pregnancy related stress and the lack of mental, physical, and

financial preparedness for motherhood (31).

In capturing the effects of unplanned pregnancies, marital status has been used as a tool

of measurement in the past. While this may be a piece of the puzzle, the social and cultural

perceptions of marriage and raising children outside of marriage have changed over time. In

environments where marriage is less common and long term partnerships are more socially

accepted, marital status tends to be less important to birth outcomes (32). In this dataset, when

controlling for other factors, marital status is not statistically significant and has a negative

coefficient in the regressions analyzing preterm births.

The lack of statistical significance for child poverty and prenatal care utilization in the

second and third regressions is more challenging to describe. Observing Minnesotan counties

creates a relatively small sample size of 87, therefore the regression may not have the power to

capture the full effects of these variables. Likewise, poverty, even if it fails to directly affect

preterm births on the county level, affects women and children in multifaceted ways, increasing

stress and the likelihood of chronic diseases and high risk health behaviors. Therefore, the

regressions above should not minimize the importance of poverty reduction, but instead

demonstrate how interconnected factors are at play in health phenomenons. Interventions must

recognize the importance of financial security, while also sustainably addressing the systems that

undergird poverty. Similarly, prenatal care should not be dismissed, but rather should be

analyzed for efficacy and improvement.



C. Analysis of Risk Factors

C.1. Prenatal Care

To analyze prenatal care utilization, I ran three primary regressions with demographic and

risk factor variables:

Table 2: Regression results

Dependent variable: Prenatal Care Utilization Rate per County (%)
(1) (2) (3)

Intercept 86.63
(0.855)***

101.5
(4.76)***

102.0
(5.6)***

American Indian Mothers (%) -0.409
(0.0576)***

-0.0585
(0.0874)

Black Mothers (%) -0.222
(0.121)▪

-0.0905
(0.201)

Latinx Mothers (%) -0.0837
(0.0672)

0.0922
(0.126)

Asian Mothers (%) -0.151
(0.174)

-0.0394
((0.180)

Child Dependency Ratio -0.32
(0.129)*

-0.352
(0.143)*

Elderly Dependency Ratio 0.198
(0.072)**

0.121
(0.0871)

Maternal Smoking Rate -0.0056
(0.134)

-0.0056
(0.134)

Child Poverty Rate -0.666
(0.176)***

-0.55
(0.192)**

Students in ESL -0.0085
(0.138)

-0.0891
(0.0306)

High School Dropout Rate -0.606
(0.204)**

-0.605
(0.214)**

R-Squared 0.396 0.556 0.575

Adjusted R-Squared 0.366 0.523 0.519

87 observations
Standard Errors are in Parentheses
*** significant at 0.1% level, ** significant at 1% level, * significant at 5% level, ▪ significant at 10% level



Examination of the demographic analysis of prenatal care showed counties with higher

populations of Black and American Indian mothers tended to have lower utilization of prenatal

care. The coefficient estimate for American Indian women was statistically significant at the

0.001 level, and the coefficient estimate for Black women was statistically significant at the 0.05

level. When additional risk factor variables were added to the regression, the maternal

demographic variables ceased to be significant. This may indicate that lower maternal

educational attainment, greater child poverty, and greater dependents in families may explain

some prenatal care disparities between maternal demographic groups.

Of the risk factor variables, higher child poverty and high school dropout rates appeared

to be consistently significant in estimating lower prenatal care utilization on the county level.

The maternal smoking rate was not significant nor was the ESL variable controlling for other

factors. When the child poverty variable was omitted in exploratory analyses both smoking and

the ESL variables had significant, negative coefficients, suggesting that language barriers and

smoking stigma may not be barriers to prenatal care provided families have adequate financial

stability.

The effects on birth outcomes of earlier and more adequate prenatal care is still unclear.

Expanded insurance coverage under the Affordable Care Act for young mothers and Medicaid

expansions for mothers of all ages, have increased early prenatal care utilization, and the

adequacy of prenatal care for mothers with lower education levels (33,34). In the case of Oregon,

expanding Medicaid after the Affordable Care Act was passed reduced both preterm birth and

low birth weight rates, particularly among women with undocumented immigration statuses (35,

36). Similar analyses have noted that even though preterm birth rates overall may not decrease

with expanded coverage, racial disparities may (37). Yet, other studies have seen little change,



potentially because women who seek early prenatal care tend to have more challenging and high

risk pregnancies (38). For women who have pre-existing medical conditions or major stressors,

prenatal care may be too late of an intervention.

Additionally, barriers to prenatal care are multifaceted. For example, in this empirical

analysis the child dependency ratio has a statistically significant negative coefficient. This could

be for multiple reasons. Women with more children may find appointments less valuable due to

pregnancy history. While at the same time, women who have prior children may lack child care

and thus may not be able to schedule or make appointments (39). Other barriers such as financial

instability, lower educational levels, and lack of familial support can reinforce each other,

making these issues difficult to address in policy frameworks (40).



C.2. Maternal Smoking

Maternal smoking is a well documented factor affecting preterm births both on the

individual and systemic levels. This hypothesized connection is supported by the Minnesota

Department of Health data. In order to better understand maternal smoking, I ran three

regressions in a similar format to the prior analyses of preterm births and prenatal care:

Table 3: Regression results

Dependent variable: Maternal Smoking Rate (%)
(1)                           (2) (3)

Intercept 15.531
(0.768)***

-2.031
(1.19)▪

-0.863
(1.451)

American Indian Mothers (%) 0.454
(0.0517)***

0.0808
(0.0475)▪

Black Mothers (%) -0.291
(0.108)**

0.0932
(0.106)

Latinx Mothers (%) -0.121
(0.0603)*

-0.0494
(0.0791)

Asian Mothers (%) -0.162
(0.156)

-0.236
((0.107)*

High School Dropout Rate 0.0564
(0.133)

-0.0533
(0.135)

Unmarried Mothers (%) 0.445
(0.0531)***

0.456
(0.0564)***

Child Poverty Rate 0.249
(0.0996)*

0.166
(0.102)

Students in ESL -0.683
(0.0608)***

-0.555
(0.181)**

R-Squared 0.609 0.845 0.864

Adjusted R-Squared 0.589 0.838 0.85

87 observations, Standard Errors are in Parentheses
*** significant at 0.1% level, ** significant at 1% level, * significant at 5% level, ▪ significant at 10% level



Looking at the primary regression of demographic variables, one can see large variations

across maternal demographic groups and predicted maternal smoking rates on the county level.

According to the data, counties with higher proportions of American Indian mothers appeared to

have higher smoking rates. Counties with larger populations of Black, Latinx, and Asian mothers

appeared to have lower predicted maternal smoking rates. This is an interesting result given the

disparities in preterm births between demographic groups of mothers and how significant

smoking is; yet, the results do not contradict existing research.

According to the CDC, Asian Americans are the least likely maternal demographic group

to smoke during pregnancy (41). Further, Black Americans are less likely to use tobacco than

white Americans, and tend to start smoking at a later age, smoking less even if they start. Still,

smoking is a major cause of death and health issues in Black communities as Black Americans

are more likely to experience second-hand smoke and be targeted by tobacco advertisements

(42). Similarly, Latinx Americans tend to also be more targeted by tobacco advertising, but are

also less likely to smoke across the U.S. broadly. Moreover, smoking rates vary by subgroups

and gender within communities. Latinx men appear more likely than women to smoke, as are

Cuban Americans versus other Latinx groups such as Mexican Americans (43). This could

potentially affect pregnant women of these communities due to secondhand smoke in their

homes. Regardless of race or ethnicity, foreign-born women tend to have lower smoking rates,

this could be why the proportion of ESL learners in school appeared significant as the majority

of ESL students in Minnesota have one or more foreign-born parents (44).

Predictors of higher rates of maternal smoking include higher rates of mothers who are

unmarried and higher rates of child poverty. This is an influential finding, because although

factors such as child poverty rates and marital status of women may not affect preterm births



directly, these variables may affect preterm births through health behaviors such as smoking. In

exploratory analyses, when the percentage of unmarried mothers was omitted in the regression

above, the child poverty rate was highly statistically significant. While marital status is showing

decreasing importance in predicting birth outcomes due to increased prevalence of long-term

partnerships, unmarried mothers without a long term partnership are more likely to have low

incomes, and therefore may experience attenuated stress due to the financial undertakings of

motherhood, which could potentially increase the risk of maternal smoking (45).

Further, while the child poverty rate was not statistically significant on the county level

predicting preterm births, numerous other studies have shown poverty to increase overall birth

complications, including on an area level (46,47). Poverty impacts the ability for children born

preterm to develop on-track with their age cohort, and can decrease the likelihood of children

getting adequate nutrition, medical care, and educational support (48). The high correlations seen

between childhood poverty and variables such as unemployment, cancer, heart disease, injury

rates, and high school dropout rates indicate that financial stability and human wellness are

deeply intertwined.

Smoking cessation is a critical intervention to reduce the likelihood of preterm birth (49).

Though there is conflicting research as to if reduced maternal smoking rather than complete

cessation can reduce preterm birth risk, there is no entirely safe level of smoking during

pregnancy (50). In recent years, despite claims of increased safety, vaping has also been shown

to  increase the likelihood of pregnancy complications (51). Smoking cessation, even in the third

trimester, can be a modifiable risk factor to decrease likelihood of complications with high risk

births (52). While more women quit smoking during pregnancy than any other time,

approximately half of women who smoke do not quit for pregnancy. Women specifically are



more likely than men to use nicotine as a way to cope with mental health struggles. Many

women of lower income levels do not have access to the mental health services that will help

them quit smoking in the long term (53). Lack of long term cessation is especially critical due to

unplanned pregnancies, where women may not know they are pregnant for significant amounts

of time. Therefore, though quitting smoking is extremely difficult due to the addictive nature of

nicotine, smoking cessation has urgent importance. The means of such interventions are further

elaborated upon in the interventions section of this paper.



VI. Potential Interventions

Investigating preterm births makes clear that mental, physical, social, and financial health

should not be put in silos for the future of public health. Rather, a unified wellness approach,

supporting women through their life-cycle offers a more comprehensive look at potential health

interventions. It is important to make health services accessible financially for the duration of

women’s lives, not just during pregnancy. The Affordable Care Act expanded health coverage to

low income users of public insurance, making it easier to attain preventative care, prenatal care,

and baby check-ups. As a result, improvements have been noted, including increased prenatal

vitamin usage, especially for women under the poverty line. That said, for women above 150%

of the poverty line, there tends to be an issue with churn in insurance provisions, leading to

greater instability in coverage and reduced preventative care. Women on private insurance tend

to be more financially stable, but still may not be able to afford birth costs and the costs of the

NICU for preterm infants, particularly if they are very preterm (54) .

Some private insurance plans have large co-pays that make these medical services,

particularly at the beginning of the year, very expensive (55). According to Norman Waitzman,

an economist out of the University of Utah, the societal cost of each preterm birth is on average

about $64,815, rising 25% from 2005 to 2016 (56). These costs include lost productivity, and

special care for children born preterm later in their lives. Most families will not have to bear this

entire burden, yet sometimes the large costs do cause families to go into debt (57). This indicates

that reducing insurance churn for women and the co-pays for the birth and care for preterm

infants on private plans could make accessing health care more feasible and thus could assist

women, particularly women who have unplanned pregnancies, pregnancy related stress, or who

struggle financially.



These discussions and interventions are of critical importance because approximately one

third of pregnancies in the U.S. are unplanned, and around 8.5 women out of 1000 in Minnesota

terminate pregnancies every year (7). Unplanned pregnancies that result in either birth or

termination have risks. Unplanned pregnancies present risks since a woman may not know she is

pregnant for some time, and thus may not engage in important health behaviors like alcohol and

smoking cessation. Pregnancy terminations can create additional physical risks for mothers at

later dates, in addition to greater likelihood of prenatal anxiety, a significant indicator of maternal

stress associated with poorer maternal and child outcomes (58). Such occurrences could

potentially be prevented if policies were in place to make motherhood more widely feasible.

Policies that support motherhood include paid maternity and paternity leave (59), increased

access to affordable childcare and/or government sponsored childcare, supportive tax policies to

individuals with/or expecting children (60), and comprehensive sexual education. Interventions

that improve the feasibility of motherhood can especially assist women who do not have strong

intergenerational support and/or involvement by a partner.

For pregnant women or new mothers currently in school, offering scholarships and

opportunities for extended grading, simple credit transfer systems, and night classes can provide

more resilience for mothering, particularly as it can be a difficult feat for single mothers to go

back to school, despite college education being correlated with higher income levels. There are

childcare grants and governmental grants that exist for single mothers to pursue education, but

taking the time to find them and apply can be difficult. Thus, making applications systems

simpler could increase maternal educational attainment (61). These considerations have multiple

benefits, increasing the feasibility of motherhood, while reducing likelihood of induced abortions

and pregnancy related stress, and preventing cycles of financial difficulty. It has also been shown



that having more women in the workforce increases economic productivity (62), thus women

should not have to choose between having a family and supporting that family.

In this puzzle of preterm birth prevention, prenatal care is seen as a crucial part of

increasing accessibility to care and better supporting mothers. That said, the literature on prenatal

care conflicts, some literature stating prenatal care is critically important, while others say that

prenatal care is too late of an intervention for most (63). In response to criticism, certain health

systems have adapted to improve the efficacy of care for mothers. Prenatal care models, such as

group models or appointments with childcare provided, may increase access. Goals of such

interventions are to foster community, increase trust and medical transparency, while potentially

decreasing cost (64). Despite the advantages of group models, there are drawbacks including

lack of privacy. Additional innovations have come through increased telehealth services, online

maternal support groups and hybrid in-person and online options; studies have seen improved

prenatal care utilization through these programs, likely through increasing convenience and

allowing women to have their questions answered in a timely fashion while maintaining privacy

(65).

In terms of comprehensive sexual education and preventing unplanned pregnancies,

Minnesota is making progress with the 2019 passage of legislation supporting the

implementation of comprehensive sexual education in all public schools for the 2021-2022

school year (66). The legislation requires lessons on anatomy, consent, healthy relationships, and

STI and unplanned pregnancy prevention. Nevertheless, comprehensive sexual education can

still focus more on pregnancy prevention than reproductive knowledge. In a recent study only

20% of women were observed to know what ovulation is out of a random sample of 1000

American women, most of whom had taken sexual education classes (67). Teaching students



about the female body will help foster respect and also avoid unintended pregnancies in addition

to creating fertility awareness later in life. Many women seek reproductive assistance and

in-vitro fertilization (IVF) treatments in order to achieve pregnancy when these treatments are

not necessary, but instead because of lack of understanding of fertility in general. IVF treatments,

though very helpful for women dealing with infertility or for women who want children without

a male partner, can increase risks for preterm births and pregnancy complications, particularly in

older women when giving birth to multiples (68).

Additionally, one of the first and foremost behavioral interventions, recognized by

existing studies and the empirical analysis, is that of smoking cessation. It is important to note

that substance abuse, in addition to other risk factors like high levels of stress, are often results of

underlying trauma. Thus, smoking cessation must be multi-faceted, including accessible mental

health services, pharmacological interventions, and long-term structural changes (69). To further

discuss sustainable smoking cessation measures, I interviewed Dr. Lando, a subject matter expert

who has worked on behavior modification from the lens of both psychology and public health. A

recent study conducted by Dr. Lando found that pre and post-natal support through telehealth

counseling sessions help pregnant women not relapse into smoking after giving birth, a common

occurrence in women who quit during pregnancy. That said, many women fail to quit during

pregnancy even with interventions such as counseling and nicotine replacement therapies

because of the extreme addictive qualities of nicotine. Moreover, often pregnant women try to

quit without assisting medication or nicotine replacement therapies that aid cessation because of

fear that treatments could harm the pregnancy. Though there are risks involved with such

treatments, risks are lower than continued or relapsed smoking.



Furthermore, secondhand smoke can be very dangerous to mothers and babies, often with

underestimated influence. This makes smoking cessation not only important for women, but also

for the households and communities they live in. Smoking and oral tobacco use are often

ingrained in cultural lifestyles, particularly in American Indian communities. Therefore, smoking

cessation interventions on the macro-level must address the discriminatory targeted advertising

of tobacco companies and make tobacco less accessible to young people. Providing

comprehensive education about the risks of tobacco use and universal access to individual level

smoking cessation treatments, including counseling, is important; viewed as a crucial part of

treating smoking cessation as a human right (70).

Making this a reality is a challenge. Particularly in rural and lower income areas stigma

can be attached to counseling and mental health services. Additionally, telehealth has made

mental health care more accessible broadly, but not necessarily if there is not reliable internet in

an area (71). Furthermore, because smoking and risky behaviors are often linked with trauma,

and the roots of trauma can frequently be connected to persistent inequality and discrimination,

institutional distrust is common in communities with high levels of smoking. This may lead to a

person being less likely to seek out help to deal with traumatic experiences. Additionally,

inequality and discrimination require consistent investment, educational changes, and public

policy reforms to begin to address their influence in Minnesota.

All of this considered, in order to make wellness feasible to everyone, public health must

become creative, this is particularly true on the individual level with wellness strategies and

mental health. Preterm birth is an especially challenging topic because maternal trauma can

increase the likelihood of birth complications, while being exacerbated by them. Mothers who

have preterm infants may struggle with post-traumatic stress and postpartum depression. A study



published in Child Psychiatry & Human Development noted that low-cost therapeutic

approaches like consistent expressive writing and art were shown to statistically significantly

improve maternal mental health (73).

Furthermore, particularly for American Indian and Black women and children in

Minnesota, healthcare could be made more accessible by having additional racial representation

within institutions. Seeing someone of the same racial or ethnic origin can increase trust and

decrease stress in medical contexts, making mental and physical health visits more productive

and making patients more likely to come back, speak honestly, participate in studies and follow a

practitioner's treatment protocol (71,74). Adequate representation does not happen overnight. In

fact, studies have shown that for women of color representation in the past three decades has

decreased in most medical specialties and medical school admissions (75). Moreover,

representation does not begin with medical school admissions, but through representation in

schools, political institutions, and financial institutions; fostering trust and cooperation at all

levels makes educational, career, and personal goals more feasible, allowing for more people of

color to become health practitioners and have healthy pregnancies and parenthood.

Preterm birth is a complex issue, with many interconnected factors. In an ideal world, all

pregnancies would be desired, smoking cessation would happen well in advance of having

children, and all women would have access to healthcare, employment, educational

opportunities, and stable incomes. There are issues that this paper does not address - for example,

access to nutritious food and healthy family environments. The reality is that for many women,

wellness faces persistent barriers, often structurally, including lack of representation in

institutions and stressful life events that result in trauma. The best thing interventions can do is

try and make the world without barriers to maternal and child wellbeing more possible.



VII. Conclusion

This study points out the need for a life-cycle approach to maternal wellness, recognizing

that chronic stress and persistent inequalities can increase pregnancy risk factors such as

smoking, and prevent a woman from feeling confident in her ability to be a mother. Accounting

for risk factors, several interventions are put forward including expanded accessibility of mental

health care, making motherhood more accessible to people without familial support, reducing

barriers to health and wellbeing in general, including prenatal care, and increasing the

educational, income, and employment based opportunities of women, particularly American

Indian and Black women in Minnesota.
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IX. Appendix

A. Maternal Demographics Per County:

White Mothers
(%)

Black Mothers
(%)

American Indian
Mothers (%)

Asian Mothers
(%)

Latinx Mothers
(%)

Aitkin County 89.26 0.83 6.61 0.00 3.31

Anoka County 72.70 12.74 0.77 7.60 6.19

Becker County 81.86 0.76 13.60 0.76 3.02

Beltrami County 55.69 1.97 40.06 0.61 1.67

Benton County 86.74 7.77 1.33 1.33 2.84

Big Stone County 93.75 0.00 0.00 1.56 4.69

Blue Earth County 82.87 9.43 0.73 3.19 3.77

Brown County 91.61 0.36 0.00 1.09 6.93

Carlton County 86.30 0.55 12.05 0.00 1.10

Carver County 85.57 3.54 0.00 5.76 5.10

Cass County 63.93 0.71 33.93 0.00 1.43

Chippewa County 70.55 2.45 2.45 6.75 17.79

Chisago County 95.60 1.02 0.17 1.35 1.86

Clay County 85.65 10.45 2.53 1.38 0.00

Clearwater County 84.55 0.91 11.82 0.91 1.82

Cook County 82.22 0.00 15.56 0.00 2.22

Cottonwood County 76.71 4.79 0.68 4.79 13.01

Crow Wing County 94.69 1.06 2.28 0.46 1.52

Dakota County 70.29 12.32 0.43 7.24 9.72

Dodge County 89.96 0.44 0.87 1.75 6.99

Douglas County 95.16 1.15 0.46 0.92 2.30



Faribault County 80.71 1.43 1.43 0.00 16.43

Fillmore County 98.49 0.38 0.00 0.00 1.13

Freeborn County 74.53 1.86 0.62 6.52 16.46

Goodhue County 89.88 2.43 1.82 1.21 4.66

Grant County 93.33 1.67 1.67 0.00 3.33

Hennepin County 56.28 22.98 0.92 11.02 8.80

Houston County 97.80 1.32 0.00 0.88 0.00

Hubbard County 84.65 0.93 6.51 2.33 5.58

Isanti County 93.44 2.11 0.00 1.64 2.81

Itasca County 89.20 1.08 8.42 0.22 1.08

Jackson County 89.42 1.92 1.92 2.88 3.85

Kanabec County 94.44 1.11 0.56 3.33 0.56

Kandiyohi County 57.43 20.87 0.00 2.00 19.70

Kittson County 96.88 1.56 0.00 0.00 1.56

Koochiching County 95.15 0.00 2.91 0.97 0.97

Lac Qui Parle County 96.55 0.00 0.00 1.72 1.72

Lake County 98.99 0.00 0.00 0.00 1.01

Lake of the Woods
County

88.24 0.00 2.94 8.82 0.00

Le Sueur County 84.14 1.42 0.57 1.42 12.46

Lincoln County 93.15 0.00 1.37 2.74 2.74

Lyon County 72.39 8.73 0.28 7.61 10.99

McLeod County 89.36 0.28 0.28 1.40 8.68

Mahnomen County 28.57 1.02 63.27 0.00 7.14

Marshall County 95.31 2.34 0.78 0.00 1.56



Martin County 87.83 0.43 0.87 1.74 9.13

Meeker County 92.86 0.40 0.40 0.40 5.95

Mille Lacs County 83.23 1.83 11.89 0.91 2.13

Morrison County 94.37 1.69 0.00 0.28 3.66

Mower County 60.76 8.95 0.19 10.48 19.62

Murray County 91.95 0.00 0.00 1.15 6.90

Nicollet County 81.96 8.49 0.27 1.06 8.22

Nobles County 43.95 6.84 0.53 5.00 43.68

Norman County 93.75 3.75 2.50 0.00 0.00

Olmsted County 73.65 11.18 0.24 9.19 5.73

Otter Tail County 91.24 3.05 1.22 0.91 4.57

Pennington County 88.24 0.59 1.76 4.12 5.29

Pine County 88.77 1.45 4.71 2.17 2.90

Pipestone County 80.00 1.54 6.15 1.54 10.77

Polk County 80.56 10.54 3.28 1.64 3.98

Pope County 91.41 0.00 0.78 0.78 7.03

Ramsey County 45.12 21.68 0.58 24.36 8.26

Red Lake County 87.80 2.44 4.88 0.00 4.88

Redwood County 85.33 1.63 3.26 7.07 2.72

Renville County 80.22 1.65 1.10 1.10 15.93

Rice County 70.76 16.56 0.40 1.87 10.41

Rock County 88.89 0.93 0.93 0.93 8.33

Roseau County 86.44 1.69 3.95 3.95 3.95

St. Louis County 88.31 4.03 4.28 1.41 1.97



Scott County 78.11 7.77 0.82 7.28 6.02

Sherburne County 89.18 6.77 0.25 1.49 2.31

Sibley County 78.06 1.29 0.00 0.65 20.00

Stearns County 71.19 20.92 0.24 1.70 5.94

Steele County 78.76 8.59 0.72 0.48 11.46

Stevens County 79.84 1.55 0.00 0.78 17.83

Swift County 75.63 7.56 1.68 8.40 6.72

Todd County 86.42 0.31 0.62 0.93 11.73

Traverse County 70.00 0.00 30.00 0.00 0.00

Wabasha County 90.95 2.06 0.41 1.65 4.94

Wadena County 97.41 2.07 0.00 0.00 0.51

Waseca County 87.37 4.55 0.51 0.51 7.07

Washington County 78.07 7.67 0.37 9.92 3.98

Watonwan County 49.35 0.00 0.00 0.65 50.00

Wilkin County 93.98 2.42 2.41 0.00 1.20

Winona County 89.29 3.35 0.00 3.35 4.02

Wright County 92.27 2.18 0.18 1.89 3.48

Yellow Medicine
County

92.38 0.00 0.00 0.00 7.62



B. Risk Factor Variables Per County: (Section I)

Abortion Rate Elderly
Dependency Ratio

Child Dependency
Ratio

Child Poverty
Rate

ESL learners (%)

Aitkin County 8.03 55.66 25.48 22.18 0.00

Anoka County 11.75 18.40 29.68 9.34 7.20

Becker County 0.81 32.56 33.78 18.18 0.30

Beltrami County 4.91 23.36 33.74 25.04 0.60

Benton County 10.12 21.24 31.98 12.82 0.90

Big Stone County 0.00 45.12 30.02 16.80 1.70

Blue Earth County 14.47 18.68 23.66 13.94 4.20

Brown County 5.21 32.94 29.22 10.94 1.80

Carlton County 9.75 25.94 29.08 12.44 0.00

Carver County 6.66 15.91 33.84 4.64 3.50

Cass County 6.38 42.03 30.72 25.50 0.10

Chippewa County 2.83 34.06 31.82 15.44 5.70

Chisago County 8.50 21.70 28.22 7.62 0.90

Clay County 1.41 19.07 29.68 13.32 4.90

Clearwater County 0.00 33.47 34.78 23.12 0.00

Cook County 8.14 41.91 21.40 15.60 0.00

Cottonwood County 3.36 39.58 34.38 17.74 8.90

Crow Wing County 7.63 35.40 30.40 15.10 0.10

Dakota County 12.05 19.26 30.76 8.48 6.80

Dodge County 5.44 21.21 34.54 8.60 2.60

Douglas County 3.37 36.66 29.34 11.26 0.30

Faribault County 6.16 37.99 29.54 18.52 2.40



Fillmore County 5.73 34.72 33.86 16.72 0.20

Freeborn County 7.03 36.18 30.24 17.34 6.20

Goodhue County 8.30 30.26 29.74 10.60 1.60

Grant County 0.00 40.40 32.52 16.12 0.30

Hennepin County 17.04 19.07 27.40 14.80 14.00

Houston County 4.94 32.17 28.54 10.44 0.60

Hubbard County 1.08 41.77 30.16 19.16 0.60

Isanti County 8.54 23.23 30.64 10.66 0.90

Itasca County 6.31 35.66 28.28 18.74 0.10

Jackson County 3.59 33.82 29.90 13.20 2.20

Kanabec County 6.16 30.78 28.26 19.46 0.10

Kandiyohi County 5.86 28.75 32.22 16.92 17.80

Kittson County 0.00 38.91 28.54 13.52 0.00

Koochiching County 7.87 36.75 24.42 22.08 0.50

Lac Qui Parle County 0.00 44.28 28.42 13.78 3.40

Lake County 8.57 42.36 25.70 14.26 0.00

Lake of the Woods
County

0.00 36.95 24.90 16.88 0.00

Le Sueur County 6.74 26.03 31.38 10.42 5.20

Lincoln County 0.00 44.48 34.40 14.10 0.70

Lyon County 4.67 23.08 32.50 15.20 9.70

McLeod County 6.04 28.60 31.06 10.42 4.20

Mahnomen County 0.00 30.56 47.04 33.60 0.00

Marshall County 0.00 33.34 31.02 12.26 1.20

Martin County 6.57 37.15 29.58 18.20 2.50



Meeker County 4.84 30.73 33.20 11.20 1.30

Mille Lacs County 8.31 29.40 32.12 17.26 0.20

Morrison County 4.70 29.09 31.34 15.42 0.40

Mower County 8.24 29.44 33.86 15.94 12.90

Murray County 1.36 42.32 30.60 12.50 1.50

Nicollet County 8.89 22.10 27.48 10.98 4.80

Nobles County 1.22 25.74 36.34 17.56 24.80

Norman County 0.00 36.02 31.44 18.64 1.00

Olmsted County 8.13 22.41 32.20 10.82 9.20

Otter Tail County 0.85 38.80 29.92 14.98 3.10

Pennington County 0.00 26.47 30.08 12.76 1.10

Pine County 9.13 29.65 25.82 20.14 0.50

Pipestone County 0.00 35.48 35.62 15.88 6.00

Polk County 0.33 27.68 31.36 16.54 3.00

Pope County 1.91 39.68 29.66 12.50 0.40

Ramsey County 17.40 20.12 29.50 21.78 21.90

Red Lake County 0.00 32.25 34.50 12.40 0.20

Redwood County 3.94 35.51 34.38 14.90 0.80

Renville County 5.16 33.81 30.38 15.80 6.90

Rice County 8.04 21.80 27.02 13.46 13.00

Rock County 0.00 34.60 35.46 12.18 2.50

Roseau County 0.00 25.38 31.38 11.64 1.60

St. Louis County 11.90 27.07 24.00 17.04 0.30

Scott County 9.23 14.74 35.50 6.18 5.60



Sherburne County 6.87 15.77 33.16 7.44 2.40

Sibley County 5.43 28.60 31.98 12.48 10.20

Stearns County 8.78 20.86 28.20 13.06 10.90

Steele County 6.79 26.64 33.72 13.82 7.60

Stevens County 1.01 25.40 26.54 10.04 3.10

Swift County 2.81 36.03 30.94 14.52 2.30

Todd County 3.14 32.96 32.76 20.10 5.70

Traverse County 3.91 44.04 28.90 20.14 1.00

Wabasha County 6.69 31.76 29.66 10.12 1.60

Wadena County 0.00 37.38 35.48 20.44 0.20

Waseca County 5.43 26.44 30.04 13.30 2.30

Washington County 10.16 20.58 30.92 5.98 3.40

Watonwan County 5.64 32.65 33.42 16.52 14.30

Wilkin County 0.00 29.17 29.22 12.86 1.30

Winona County 9.01 22.52 21.32 13.12 2.90

Wright County 6.12 18.24 36.98 6.38 1.60

Yellow Medicine
County

4.80 33.19 31.42 14.14 1.60



C. Risk Factor Variables: (Section II)

High School
Dropout Rate

Preterm Birth
Rate

Prenatal Care
Utilization (%)

Maternal
Smoking Rate

Unmarried
Mothers (%)

Aitkin County 3.75 7.00 82.10 28.20 43.90

Anoka County 3.88 6.50 85.40 9.10 31.00

Becker County 5.03 7.00 73.00 22.30 41.10

Beltrami County 12.58 8.50 72.10 24.50 57.50

Benton County 2.13 8.30 83.80 18.00 34.20

Big Stone County 1.83 7.00 81.00 12.70 28.30

Blue Earth County 5.23 6.80 88.40 10.90 32.80

Brown County 5.93 6.20 87.30 13.40 33.80

Carlton County 4.98 8.00 85.20 18.00 40.50

Carver County 1.25 6.40 85.10 3.80 14.60

Cass County 11.68 8.90 75.10 32.90 57.60

Chippewa County 1.63 5.80 85.10 16.60 40.50

Chisago County 5.00 7.10 87.50 12.70 33.30

Clay County 6.85 6.90 63.80 10.80 28.50

Clearwater County 7.85 4.90 75.60 16.60 37.90

Cook County 3.03 7.70 80.20 21.10 33.30

Cottonwood County 2.78 8.30 84.30 13.40 38.20

Crow Wing County 6.00 8.00 88.80 20.50 39.40

Dakota County 3.18 6.90 83.30 5.50 26.90

Dodge County 1.73 6.30 84.70 14.00 33.20

Douglas County 5.30 7.10 91.90 13.50 28.60

Faribault County 8.18 5.00 81.60 19.50 38.00



Fillmore County 2.13 6.00 72.70 10.30 23.30

Freeborn County 7.10 7.30 89.70 13.00 47.50

Goodhue County 4.71 7.10 84.20 13.90 34.10

Grant County 2.08 7.90 88.80 11.70 27.90

Hennepin County 4.75 7.00 79.50 4.70 31.00

Houston County 14.88 5.00 80.30 11.90 25.40

Hubbard County 10.18 6.50 81.90 20.80 40.90

Isanti County 2.70 6.30 86.80 17.20 36.10

Itasca County 4.10 8.00 82.60 22.30 43.20

Jackson County 1.88 6.90 92.40 11.70 31.00

Kanabec County 3.40 6.60 84.00 24.00 47.40

Kandiyohi County 7.10 6.00 79.10 10.10 37.30

Kittson County 3.90 5.30 87.30 11.80 20.30

Koochiching County 4.38 6.10 82.30 15.30 47.20

Lac Qui Parle County 1.60 7.50 88.10 10.10 25.30

Lake County 2.50 8.80 84.90 22.30 30.90

Lake of the Woods
County

8.35 4.40 78.20 21.90 49.20

Le Sueur County 3.33 6.30 86.90 14.40 34.00

Lincoln County 3.77 5.40 88.00 9.10 21.50

Lyon County 4.03 5.40 86.70 7.40 32.10

McLeod County 4.68 7.40 88.00 13.70 35.20

Mahnomen County 17.83 10.80 52.80 48.50 77.80

Marshall County 1.33 7.20 90.40 14.40 24.80

Martin County 4.45 7.90 87.90 20.80 43.10



Meeker County 3.15 6.70 85.10 15.20 29.40

Mille Lacs County 7.08 9.20 78.00 26.90 50.00

Morrison County 3.30 6.70 87.10 20.70 33.00

Mower County 9.05 7.20 71.90 14.90 41.30

Murray County 4.53 5.00 87.70 13.70 28.00

Nicollet County 4.08 5.70 87.10 7.80 28.30

Nobles County 8.95 5.40 80.20 4.50 46.10

Norman County 4.20 7.20 73.80 16.70 36.50

Olmsted County 4.48 5.80 80.90 7.00 24.70

Otter Tail County 6.63 5.00 84.40 9.50 29.80

Pennington County 3.25 7.90 90.80 17.90 37.80

Pine County 7.18 7.20 80.30 25.30 48.10

Pipestone County 9.78 5.60 81.40 11.80 30.90

Polk County 4.85 7.50 82.40 13.80 33.00

Pope County 3.75 6.10 88.70 12.80 25.70

Ramsey County 6.55 6.70 74.50 6.50 42.00

Red Lake County 3.35 5.30 87.80 15.50 31.60

Redwood County 3.38 7.80 81.10 15.50 36.20

Renville County 5.10 8.40 79.60 13.00 38.50

Rice County 5.71 7.20 81.40 11.80 33.10

Rock County 2.71 6.60 78.80 9.30 29.40

Roseau County 4.84 4.40 86.90 19.50 38.40

St. Louis County 6.40 7.00 86.70 18.60 40.20

Scott County 2.97 6.50 83.50 4.90 20.80



Sherburne County 3.56 6.60 87.60 11.00 26.60

Sibley County 5.26 7.20 83.20 12.40 30.70

Stearns County 3.70 6.90 84.30 10.90 26.50

Steele County 5.35 7.50 89.00 13.90 34.20

Stevens County 1.91 7.50 87.30 7.10 18.10

Swift County 4.01 6.60 84.20 17.70 36.10

Todd County 5.24 7.90 79.70 12.70 31.10

Traverse County 2.30 8.30 89.90 19.90 37.40

Wabasha County 4.13 5.80 84.20 15.50 35.10

Wadena County 4.61 7.50 82.20 22.40 35.20

Waseca County 4.46 7.00 87.70 14.40 36.70

Washington County 2.50 6.60 87.30 6.00 23.90

Watonwan County 7.00 6.20 80.60 9.80 45.80

Wilkin County 4.44 7.70 83.60 17.70 36.50

Winona County 4.48 6.60 85.00 11.60 29.80

Wright County 3.09 7.00 88.00 8.70 21.10

Yellow Medicine
County

1.85 7.40 88.80 12.50 35.40



D. Correlation Matrix: (Demographic & Risk Factor Variables)

White Mothers (%) Black Mothers (%)
American Indian
Mothers (%)

Asian Mothers
(%) Latinx Mothers (%)

Maternal Smoking
Rate

-0.063 -0.410 0.707 -0.355 -0.291

Abortion Rate -0.242 0.521 -0.126 0.442 0.005

Child Poverty Rate -0.393 -0.112 0.640 -0.082 0.023

Elderly
Dependency Ratio

0.270 -0.556 0.141 -0.353 -0.089

Child Dependency
Ratio

-0.345 -0.059 0.324 -0.003 0.241

ESL learners (%) -0.687 0.694 -0.234 0.553 0.720

High School Dropout
Rate

-0.489 0.018 0.571 -0.007 0.145

Preterm Birth Rate -0.188 -0.068 0.495 -0.182 -0.139

Prenatal Care
Utilization (%)

0.504 -0.147 -0.560 -0.096 -0.049

Unmarried Mothers
(%)

-0.481 -0.141 0.663 -0.012 0.129


