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Rates of very low birth-weight ([VLBW]) (birth 
weight <1500 g) and very preterm birth (ges-
tational age [GA] <32 weeks) are about 1.0% 

and 1.6%, respectively, of live birth in the United 
States. VLBW and very preterm birth are associated 
with increased risks for necrotizing enterocolitis, 
intraventricular hemorrhage, bronchopulmonary 
disorders, and retinopathy of prematurity. The eco-
nomic and social burdens of preterm birth in the 
United States are high, with costs averaging $64,815 
per preterm birth. Of the $16 billion spent annually 
on the medical care of preterm infants, $11 billion is 
spent on care for very preterm infants.1 The develop-
mental problems of many very preterm infants cre-
ate another far-reaching burden for families and 
society. Mothers with VLBW, very preterm infants, 
especially those whose income is below the poverty 
line, are at increased risk of mental health problems 
such as depressive symptoms and anxiety due to the 
additional financial and social costs.2

Racial disparities exist in the prevalence of VLBW 
and very preterm birth, with rates in Black mothers 
being 2.6 and 2.5 times those in White mothers, 
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ABSTRACT
Background:  Black mothers and their very low birth-weight infants in the United States have increased risk of adverse 
neonatal and maternal health outcomes compared with White mothers and infants. Disparities in adverse birth outcomes 
associated with sociodemographic factors are difficult to quantify and modify, limiting their usefulness in assessing 
intervention effects.
Purpose:  To test hypotheses that (1) the biological factors of maternal testosterone and cortisol are associated with 
sociodemographic factors and (2) both factors are associated with neonatal health and maternal mental health and healthy 
behaviors between birth and 40 weeks’ gestational age.
Methods:  We used a descriptive, longitudinal design. Eighty-eight mothers and very low birth-weight neonates were 
recruited from a tertiary medical center in the United States. Data on sociodemographic factors and neonatal health were 
collected from medical records. Maternal mental health and healthy behaviors were collected with questionnaires. 
Maternal salivary testosterone and cortisol levels were measured using enzyme immunoassays. Data were analyzed 
primarily using general linear and mixed models.
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related to higher levels of depressive symptoms. Black mothers had fewer healthy behaviors than White mothers.
Implications for Practice and Research:  Findings confirm that biological factors are associated with sociodemographic 
factors, and both are associated with neonatal health and maternal mental health and healthy behaviors. We propose 
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tum interventions.
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respectively.3 Black very preterm neonates are also at 
higher risk for adverse outcomes than White very pre-
term neonates.4 These disparities likely stem from a 
complex interplay of environmental exposures and 
social, economic, and behavioral factors. Racism and 
racial discrimination are associated with adverse peri-
natal outcomes including preterm birth, low birth 
weight, and neonatal mortality and morbidity.5 Struc-
tural racism contributes to the increased likelihood of 
Black women living in poverty compared with White 
women.6 Black women who are economically disad-
vantaged, are younger and unmarried, have less edu-
cational attainment (less than a high school diploma), 
and are enrolled in federal assistance programs such 
as the Special Nutrition Program for Women, Infants, 
and Children (WIC) or Supplemental Security Income 
(SSI) are at particularly high risk of adverse perinatal 
outcomes.7 Economically disadvantaged Black 
women also have more obstetric complications such 
as diabetes, hypertension, antepartum hemorrhage, 
and chorioamnionitis that are related to adverse birth 
outcomes than other childbearing women.8 Not sur-
prisingly, Black mothers with lower incomes and less 
educational attainment are also at increased risk for 
mental health issues due to financial, personal, and 
societal stressors.9

In addition to these sociodemographic factors, 
healthy lifestyle behaviors (“healthy behaviors”) are 
related to birth outcomes. Investigators have reported 
that rates of smoking and drinking were higher 
among mothers of preterm infants than those of full-
term infants.10,11 In another study, mothers of VLBW, 
very preterm infants who smoked cigarettes had 
more obstetric complications and resumed smoking 
and drinking during the postpartum period com-
pared with nonsmoking mothers.12 Those mothers 
were also less likely to engage in healthy eating and 
reported more mental health problems such as 
depressive symptoms than nonsmoking mothers. 
Researchers have also found that economically dis-
advantaged Black mothers are more likely to report 
unhealthy behaviors during pregnancy, including 
unhealthy eating patterns, physical inactivity, smok-
ing cigarettes, and drinking alcohol, that can affect 
perinatal outcomes.13,14

Interventions to reduce the risk of adverse neona-
tal health and maternal mental health outcomes in 
VLBW, very preterm birth have yet to be effective in 
reducing disparities in these adverse outcomes. The 
development of such interventions requires measur-
able, modifiable markers to serve as indicators of 
risk and intervention targets and to use in the assess-
ment of intervention effects. Yet, the sociodemo-
graphic factors associated with adverse neonatal and 
maternal mental health outcomes can be difficult to 
quantify. Also, sociodemographic factors are 
sometimes subjective due to self-report and are 
almost always difficult to modify. Identification of 

measurable, modifiable biological factors related to 
adverse neonatal health and maternal mental health 
outcomes in VLBW, very preterm birth would 
improve the identification of at-risk mothers and 
infants and the assessment of intervention effects. 
Interventions targeting maternal healthy behaviors—
which are modifiable and associated with both neo-
natal and maternal health outcomes—are a promis-
ing area of research. If the identified biomarkers 
were also associated with maternal healthy behav-
iors, they could be used to improve the assessment of 
the effects of behavioral interventions in this at-risk 
population.

Stress regulation is associated with neonatal health, 
maternal mental health, and healthy behaviors.12  
As the end products of the hypothalamic-pituitary-
gonadal (HPG) and hypothalamic-pituitary-adrenal 
(HPA) axes, respectively, testosterone (T) and corti-
sol (F) are both involved in stress regulation. T levels 
are 18% to 30% higher across the whole pregnancy 
in Black women than in White women.15 High 
maternal T levels (normal range of salivary T in 
pregnancy is 44.4-86.0 pg/mL) are associated in 
varying degrees with fetal development, shorter 
pregnancy longevity, low birth weight and small for 
GA, and higher levels of maternal depression and 
parenting stress.12,16 High levels of psychological 
stress are sometimes related to increased F levels 
(normal range of salivary F in pregnancy is 0.21-
0.28 μg/dL). However, low F levels have also been 
found in women experiencing chronic stress. Because 
of adverse social determinants including low socio-
economic status (SES), housing insecurity, and expe-
rience with racism and discrimination, Black women 
are at higher risk of chronic stress than White 
women.17

In the present study, we hypothesized that, 
among mothers and their VLBW, very preterm 
infants, maternal T and F levels would be associated 
with maternal sociodemographic factors (age, mari-
tal status, education, race, body mass index [BMI], 
obstetric complications during pregnancy and 
labor, type of health insurance, gravida, parity, and 
delivery mode) and that both maternal T and F lev-
els and maternal sociodemographic factors would 
be associated with neonatal health outcomes (GA, 
Apgar scores, resuscitation at birth, physical 

What This Study Adds
	 •	High and/or low F levels are biological risk factors for adverse 

birth outcomes, neonatal health, and maternal mental health 
and healthy behaviors between birth and 40 weeks’ GA.

	 •	Ways are suggested of assessing health disparities associ-
ated with biological and sociodemographic factors and identi-
fying intervention effects.

	 •	Using sociodemographic and biological factors concurrently 
to identify risk and develop and evaluate ante- and postpar-
tum interventions.
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growth, neurological insults, and days of hospital-
ization), maternal mental health (depressive symp-
toms, anxiety, and perceived stress), and maternal 
healthy behaviors (healthy eating, physical activity, 
and no use of cigarettes and alcohol; see Figure 1). 
To test our hypotheses, we collected maternal 
sociodemographic characteristics at birth, measured 
maternal salivary T and F levels and neonatal health 
and maternal mental health variables at birth and 
40 weeks’ GA, and measured maternal healthy 
behaviors at 40 weeks’ GA in a sample of VLBW, 
very preterm neonates and their mothers. Our long-
term objective was to optimize ante- and postpar-
tum care in this high-risk population, improving 
outcomes and reducing disparities in neonatal 
health and maternal mental health outcomes.

METHODS

We used a descriptive, longitudinal research design 
to examine the associations between biological and 
sociodemographic factors and between those factors 
and neonatal health and maternal mental health out-
comes and maternal healthy behaviors at birth and 
40 weeks’ GA.

Participants
We recruited a convenience sample of 88 mothers of 
VLBW, very preterm neonates from a neonatal 
intensive care unit (NICU) of a tertiary medical cen-
ter in southeastern United States. We approached 
mothers for participation within 3 days after birth to 
avoid overwhelming them. Mothers were eligible if 
they were older than 15 years, spoke English, and 
were the primary caregiver of the neonate. To reduce 
potential confounding effects, mothers were 
excluded if they were dependent on narcotics or 
other recreational drugs, were HIV positive, or had 
a documented serious medical or psychological 
problem such as cancer or postpartum psychosis.

Measures
We collected data via review of medical records, 
interview, and standardized questionnaires. Salivary 
T and F levels were measured using enzyme immu-
noassay (EIA).

Sociodemographic Information and  
Pregnancy History
Data on age, marital status, education, race, BMI, 
and type of health insurance were collected from 

FIGURE 1

Conceptual framework. We hypothesized that, among very low birth-weight, very 
preterm infants and their mothers, the biomarkers of maternal salivary testoster-
one (T) and cortisol (F) would be related to sociodemographic factors and that 
both maternal T and F and sociodemographic factors would be related to mater-
nal healthy behaviors and neonatal health and maternal mental health outcomes. 
Hypothesized relationships are indicated with dotted lines. BMI indicates body 
mass index; GA, gestational age.
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demographic data forms at the NICU or interview 
by the research nurse. Pregnancy history (gravida 
and parity, obstetric complications during preg-
nancy and at labor, and mode of delivery) was col-
lected from the neonate’s medical record. Obstetric 
complications during pregnancy included diabetes, 
use of insulin, pregnancy-induced hypertension, 
chronic hypertension, antepartum hemorrhage, and 
chorioamnionitis. Obstetric complications at labor 
included prolonged prelabor rupture of membrane, 
use of antenatal steroids, use of antibiotics, and 
number of antibiotics used. Total scores for preg-
nancy and labor complications were calculated on 
the basis of the presence of 6 complications (yes = 
1, no = 0) that ranged from 0 to 6, with higher 
scores indicative of more health problems.

Data on neonatal health outcomes were also col-
lected from the neonate’s medical records. GA,  
1- and 5-minute Apgar scores, and resuscitation at 
birth were collected at birth. Neonatal anthropomet-
ric measures (body weight, length, and head circum-
ference) were collected at birth and 40 weeks’ GA. 
Neurological insults, as measured by the Neurobio-
logic Risk Score (NBRS), technology dependence, 
and days of hospitalization were collected at 40 
weeks’ GA. The score for resuscitation at birth, 
which ranged from 0 to 6, was calculated on the 
basis of the use of 6 treatments, including oxygen, 
bagging and mask, continuous positive airway pres-
sure (CPAP), intubation, chest compression, and epi-
nephrine. Higher scores indicate more treatment. 
The NBRS is the sum of scores for 7 possible neuro-
logical insults, including infection, blood pH, sei-
zures, intraventricular hemorrhage, assisted ventila-
tion, periventricular leukomalacia, and 
hypoglycemia. It ranges from 0 to 28, with higher 
scores indicating a higher prevalence of insults.18 The 
technology dependence score, calculated at 40 weeks’ 
GA or discharge (if earlier than 40 weeks’ GA), was 
based on the use of 6 treatments including oxygen, 
gastrostomy (G)-tube/tube feeding, ventilator/CPAP, 
tracheostomy, apnea monitor, and medication. 
Scores ranged from 0 to 6, with higher scores 
indicating more treatment.

Maternal Mental Health
We used self-report questionnaires to assess maternal 
mental health status.

Depressive Symptoms
We used the 20-item Center for Epidemiologic Stud-
ies Depression Scale (CES-D)19 to assess maternal 
depressive symptoms at birth and 40 weeks’ GA. 
Scores range from 0 to 60, with higher scores indi-
cating a higher level of depressive symptoms. Inter-
nal consistency using the Cronbach α was reported 
as 0.85 to 0.90.19 In the present study, it ranged from 
0.87 at birth to 0.89 at 40 weeks’ GA.

Perceived Stress
We used the 10-item version of Cohen’s Perceived Stress 
Scale (PSS-10)20 to assess maternal perceived stress at 
birth and 40 weeks’ GA. Scores range from 0 to 40, 
with higher scores indicating a higher level of perceived 
stress. Internal consistency using the Cronbach α was 
reported as 0.73 to 0.84.20 In the present study, it ranged 
from 0.84 at birth to 0.87 at 40 weeks’ GA.

Anxiety
We used the 6-item short form of the Spielberg 
State–Trait Anxiety Inventory (STAI/SF)21 to assess 
maternal anxiety at birth and 40 weeks’ GA. Scores 
range from 6 to 24, with higher scores indicating a 
higher level of anxiety. Internal consistency using 
the Cronbach α was reported to be 0.83 and was 
correlated with the 20-item full form of the STAI (r 
= 0.95).21 Internal consistency in the present study 
ranged from 0.82 at birth to 0.89 at 40 weeks’ GA.

Healthy Lifestyle Behaviors
As mothers of VLBW infants are short on time and 
energy due to the demanding physical and emotional 
needs of their infants, we modified the Life Index 
Questionnaire (LIQ),22 a measure of healthy lifestyle 
behaviors, so that it would require only 5 minutes to 
complete. The modified LIQ consists of 5 factors: 
healthy eating, physical activity, previous use of ciga-
rettes, current use of cigarettes, and current use of alco-
hol. We asked mothers to complete the LIQ only at 40 
weeks’ GA because mothers had to be home to report 
their daily healthy behaviors. Total score ranges from 
15 to 107, with a higher score indicating more healthy 
behaviors (ie, more balanced diet, more regular strenu-
ous physical activity, fewer cigarettes, and less alcohol 
per week). The stability of the LIQ for the 5 factors, 
using the intraclass correlation coefficient, ranged from 
0.74 to 0.92 at 40 weeks’ GA.

Biochemical Measurement
Women at high risk for very preterm birth are often 
treated with glucocorticoids to prevent fetal respira-
tory dysfunction. The effects of treatment with pre-
natal glucocorticoids last 7 days,23 which could 
affect F levels in these mothers the first week after 
birth. We measured salivary T and F levels both 
within 72 hours of birth and at 40 weeks’ GA, by 
which time any effects of prenatal glucocorticoids 
would have disappeared. Free steroids (protein-
unbound) in saliva are more physiologically mean-
ingful, noninvasive, and simpler to assay than total 
steroids (protein-bound) in the blood.24 Samples 
were collected between 9:00 am and 12:00 pm to 
minimize effects of diurnal variation. We asked 
mothers to refrain from drinking or eating in the 
hour before saliva collection. Because cotton and 
commercial collection devices interfere with 
T assays,24 we asked mothers to spit saliva (1.0 mL) 
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through a straw into a 2-mL Eppendorf microcentri-
fuge tube. Since T release is episodic, we collected 3 
saliva samples at 15-minute intervals at both birth 
and 40 weeks’ GA and combined them before analy-
sis. All samples were stored at −80°C freezer until 
analysis. Salivary T and F levels were determined 
using EIA. Levels of T and F were each measured 
twice to ensure accuracy.

Procedure
The university’s institutional review board approved 
this study. A research nurse identified eligible moth-
ers for the study using the NICU admission log, 
described the study to the mothers, and gave them 
informed consent forms to review. After obtaining 
written informed consent, the research nurse 
reviewed the medical records and interviewed moth-
ers to collect sociodemographic and neonatal health 
data. The research nurse asked mothers to complete 
the CES-D, STAI/SF, and PSS-10 at birth (ie, within 
72 hours after birth) and 40 weeks’ GA and the LIQ 
at 40 weeks’ GA. After confirming that mothers had 
not drunk or eaten in the previous hour, the research 
nurse also collected saliva samples at both time 
points. If the infant was discharged from the hospi-
tal earlier than 40 weeks’ GA, the research nurse 
completed the questionnaires and saliva collections 
with the mother on the day of discharge.

Data Analysis
We used general linear models (GLMs), general linear 
mixed models (GLMMs), and generalized linear mod-
els (GLIMs) to examine associations between (1) 
maternal T and F levels and sociodemographic factors 
(age, marital status, education, race, BMI, type of 
health insurance, gravida and parity, obstetric compli-
cations during pregnancy and at labor, and delivery 
mode); (2) maternal sociodemographic factors and 
neonatal health (GA, Apgar scores, resuscitation at 
birth, and growth in body weight, length, and head 
circumference), maternal mental health (depressive 
symptoms, anxiety, and perceived stress), and mater-
nal healthy behaviors (healthy eating, physical activity, 
and use of cigarettes and alcohol); and (3) maternal T 
and F levels and neonatal health, maternal mental 
health, and maternal healthy behaviors at birth and 40 
weeks’ GA. In the case of twins (n = 4 sets), we 
randomly chose one of the 2 neonates for analysis.

We analyzed associations between maternal T 
and F levels and sociodemographic factors using 
GLM for continuous variables (eg, age and BMI), 
GLIM Poisson for count variables (eg, obstetric 
complications), and logistic regression for dichoto-
mous variables (marital status [married vs unmar-
ried], education [high school or less vs more than 
high school diploma], race [Black vs White], and 
mode of delivery [vaginal vs cesarean delivery]). For 
associations between maternal sociodemographic 

factors and neonatal health, maternal mental health, 
and maternal healthy behaviors, we used GLM for 
continuous variables (eg, GA and Apgar scores) and 
GLMM for longitudinal data (eg, neonatal physical 
growth in body weight, length, and head circumfer-
ence) and maternal mental health (depressive symp-
toms, anxiety, and perceived stress) between birth 
and 40 weeks’ GA. We analyzed associations 
between maternal T and F levels and neonatal 
health, maternal mental health, and maternal 
healthy behaviors using GLM for continuous vari-
ables (eg, neonatal days of hospitalization and 
maternal healthy behaviors) and GLMM for longi-
tudinal data such as neonatal growth and changes in 
maternal mental health from birth to 40 weeks’ GA.

We used log transformation to meet the assump-
tion of normality for several variables including T 
and F levels at birth and 40 weeks’ GA. Data analy-
ses were conducted using SPSS, version 24 (IBM 
Corp, Armonk, New York), and the significance 
level was set at .05.

RESULTS

Maternal Sociodemographic Characteristics 
and Neonatal Health
Table 1 provides maternal sociodemographic and 
neonatal demographic and health characteristics. 
Mean maternal age was 28 years. The majority of 
mothers were Black (58%), had more than a high 
school education (54%), were unmarried (55%), 
completed 2 doses of prenatal glucocorticoid treat-
ment (85%), and had obstetric complications during 
pregnancy (85%) and/or at birth (100%). The num-
ber of obstetric complications did not differ signifi-
cantly between Black and White mothers. Less than 
half (41%) were enrolled in federal assistance pro-
grams such as WIC or SSI. Mean scores out of 6.0 
were 2.1 for resuscitation at birth and 0.5 for tech-
nology dependence at 40 weeks’ GA. “Mean days of 
hospitalization” at 40 weeks’ GA was 69.6.

Associations Between Maternal Biological 
and Sociodemographic Factors
Means of maternal T and F levels were 58.61 pg/mL 
and 0.15 μg/dL at birth and 55.77 pg/mL and 0.23 
μg/dL at 40 weeks’ GA, respectively. Table 2 shows 
that younger maternal age and less educational attain-
ment (high school diploma or less) were associated 
with higher T and lower F levels. Mothers with higher 
T levels and those with lower F levels were also more 
likely to be Black and unmarried. Mothers with 
higher T levels were less likely to have private health 
insurance. Maternal BMI, gravida and parity, obstet-
ric complications during pregnancy and at birth, and 
delivery mode (vaginal vs cesarean delivery) were not 
associated with either T or F levels.
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Associations Between Maternal  
Sociodemographic Factors and Neonatal 
Health, Maternal Mental Health, and  
Maternal Healthy Behaviors
As shown in Table 3, higher maternal BMI was asso-
ciated with higher GA; younger age was associated 
with higher 1-minute Apgar score; being married 
was associated with higher 1-minute Apgar score 

and less-frequent resuscitation at birth; having pri-
vate insurance was associated with higher 1-minute 
Apgar score; and being Black was associated with 
greater growth in length from birth to 40 weeks’ GA 
and fewer healthy behaviors at 40 weeks’ GA. Edu-
cation, obstetric complications, gravida, parity, and 
delivery mode were not associated with any neonatal 
health, maternal mental health, or maternal healthy 

TABLE 1. Maternal Sociodemographic and Neonatal Demographic and Health Characteristics 
(N = 88 Dyads)a

Variable Min Max Mean or % SD

Maternal

Age, y 18 43 28.3 6.1

Gravida 1 11 2.8 1.8

Parity 1 6 2.0 1.1

BMI, kg/m2 20.7 49.4 32.9 6.9

Pregnancy complicationsb 0 3 1.0 0.8

Labor complicationsc 2 5 4.0 1.0

Race, %

  Black 58.0

  White 42.0

Education: more than HS diploma,d % 54.3

Medical insurance: private, % 59.3

Marital status: married, % 44.8

Delivery mode: vaginal, % 34.1

Complete steroid: yes, % 85.2

Neonatal

Gender: male, % 36.4

GA, wk 24.2 33.5 28.6 2.1

1-min Apgar score 0 9 5.0 2.5

5-min Apgar score 1 9 7.2 1.7

Resuscitation at birthe 0 4 2.1 1.0

Body weight, g

  Birth 450 2310 1070.8 330.5

  40 wk’ GA 1206 3350 2214.6 427.2

Length, cm

  Birth 25.0 44.5 38.1 3.6

  40 wk’ GA 31.0 50.0 48.5 43.5

Head circumference, cm

  Birth 20.0 33.0 33.0 25.5

  40 wk’ GA 26.0 45.5 45.5 31.7

Technology dependencef 0 4 0.5 0.9

NBRS 0 9 1.9 2.0

Days of hospitalization 6 161 69.6 34.2

Abbreviations: BMI, body mass index; CPAP, continuous positive airway pressure; GA, gestational age; HS, high school; NBRS, Neurobiologic Risk Score.
aMean is provided unless otherwise indicated.
bNumber of obstetric complications during pregnancy.
cNumber of obstetric complications at birth.
dPercentage of mothers with more than high school diploma.
eResuscitation at birth = the use of 6 treatments, including oxygen, G-tube/tube feeding, ventilator/CPAP, tracheostomy, apnea monitor, and medication.
fTechnology dependence = the use of 6 treatments, including oxygen, bagging and mask, CPAP, intubation, chest compression, and epinephrine.
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behavior variables. There were no associations 
between sociodemographic variables and 5-minute 
Apgar score at birth, degree of neurological insults, 
days of hospitalization at 40 weeks’ GA, or change 
in maternal mental health scores from birth to 40 
weeks’ GA.

Association Between Maternal Biological  
Factors and Neonatal Health, Maternal Mental 
Health, and Maternal Healthy Behaviors
All estimated coefficients of T and F levels at birth 
and 40 weeks’ GA were adjusted by maternal 
sociodemographic factors (age, race, marital status, 
education, gravida, parity, BMI, number of obstetric 
complications during pregnancy and at labor, type 
of health insurance, and mode of delivery). As shown 
in Table 4, neonates of mothers with higher T levels 
and those of mothers with lower F levels spent more 
days in the hospital and showed slower physical 
growth in body weight and length. Neonates of 
mothers with lower F levels also received more 

resuscitation at birth and showed slower growth in 
head circumference.

Maternal T levels were not associated with change 
in maternal mental health from birth to 40 weeks’ 
GA. Maternal F levels were inversely associated with 
change in the levels of depressive symptoms but were 
not associated with changes in the levels of either 
anxiety or perceived stress between birth and 40 
weeks’ GA. Maternal healthy behaviors were not 
associated with either T or F levels.

DISCUSSION

In the present study, we hypothesized that, in VLBW, 
very preterm neonates and their mothers, (1) the bio-
logical factors of maternal T and F levels at birth and 
40 weeks’ GA would be associated with maternal 
sociodemographic factors and (2) that both factors 
would be associated with neonatal health outcomes, 
maternal mental health, and maternal healthy behav-
iors at birth and 40 weeks’ GA. Findings supported 

TABLE 2. Associations Between Maternal Testosterone (T) and Cortisol (F) Levels and 
Sociodemographic Factors (N = 88 Dyads)

Variable Parameter β 95% CI P

GLMs for continuous variables

 Age T

F
−7.268

5.754

−12.691, −1.844

2.457, 9.052

.009

.001

 BMI T

F
−4.499

.681

−10.796, 1.797

−3.292, 4.655

.159

.734

 Gravida T

F
−.111

.024

−0.359, 0.137

−0.127, 0.175

.375

.755

 Parity T

F
−.074

.100

−0.277, 0.130

−0.024, 0.224

.473

.112

GLIMs for count variables (Poisson)

Pregnancy complications T

F

.468

−.271
−0.431, 1.366

−0.816, 0.274

.308

.329

Labor complications T

F

.153

−.002
−0.301, 0.607

−0.274, 0.271

.510

.989

Logistic regression for dichotomous variables

Marital status (married) T

F
−3.212

1.690

−5.504, −0.920

0.409, 2.970

.006

.010

 Education (HS diploma or less) T

F

3.194

−1.765

0.844, 5.544

−3.111, −0.419

.008

.010

 Race (Black) T

F

2.097

−1.910

0.031, 4.164

−3.221, −0.599

.047

.004

 Insurance (private) T

F
−2.673

.468

−4.921, −0.425

−0.709, 1.645

.020

.436

 Delivery mode (vaginal) T

F

.885

−.610
−1.037, 2.807

−1.779, 0.559

.367

.306

Abbreviations: β, parameter estimate; BMI, body mass index; CI, confidence interval; GLIMs, generalized linear models; GLMs, general linear models; HS, high 
school.
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TABLE 3. Associations Between Maternal Sociodemographic Factors and Neonatal Health, 
Maternal Mental Health, and Maternal Healthy Behaviors (N = 88 Dyads)a

Variable Parameter β 95% CI P

GLMs for neonatal health outcomes at birth

 GA Age

Marital status (married)

Education (HS or less)

Race (Black)

BMI

Pregnancy complications

Labor complications

Insurance (private)

Gravida

Parity

Delivery mode (vaginal)

−.076

.988

.472

−.335

.076

−.425

−.186

−.334

1.393

1.944

−.493

−0.182, 0.031

−0.262, 2.237

−0.575, 1.519

−1.412, 0.742

0.002, 0.151

−1.136, 0.286

−0.695, 0.323

−1.440, 0.773

−1.042, 3.827

−0.990, 4.878

−1.510, 0.524

.160

.119

.372

.537

.046

.237

.469

.549

.258

.190

.337

 1-min Apgar score Age

Marital status (married)

Education (HS or less)

Race (Black)

BMI

Pregnancy complications

Labor complications

Insurance (private)

Gravida

Parity

Delivery mode (vaginal)

−.122

2.731

.215

.336

.014

−.062

−.281

−1.366

1.234

2.408

1.022

−0.243, 0.000

1.310, 4.153

−0.973, 1.404

−0.890, 1.562

−0.072, 0.099

−0.874, 0.750

−0.867, 0.305

−2.635, −0.098

−1.591, 4.058

−0.941, 5.757

−0.142, 2.186

.050

.000

.718

.586

.750

.879

.342

.035

.386

.156

.084

 Resuscitation at birth Age

Marital status (married)

Education (HS or less)

Race (Black)

BMI

Pregnancy complications

Labor complications

Insurance (private)

Gravida

Parity

Delivery mode (vaginal)

−.004

−.815

−.314

−.217

−.006

.166

.022

−.038

.484

−.864

.089

−0.055, 0.047

−1.417, −0.214

−0.818, 0.190

−0.736, 0.301

−0.043, 0.030

−0.177, 0.508

−0.223, 0.267

−0.574, 0.498

−0.688, 1.657

−2.277, 0.548

−0.401, 0.579

.874

.009

.218

.406

.723

.338

.857

.887

.412

.226

.719

GLMMs for longitudinal anthropometric measures between birth and 40 wk’ GA

 Growth in length from 
birth to 40 wk’ GA

Age

Marital status (married)

Education (HS or less)

Race (Black)

BMI

Pregnancy complications

Labor complications

Insurance (private)

Gravida

Parity

Delivery mode (vaginal)

.000

.009

.006

.019

.001

−.009

.002

.000

.016

.028

.010

−0.001, 0.001

−0.010, 0.028

−0.009, 0.022

0.002, 0.035

−0.000, 0.002

−0.020, 0.001

−0.005, 0.010

−0.016, 0.018

−0.021, 0.054

−0.017, 0.074

−0.005, 0.025

.778

.340

.421

.024

.145

.078

.594

.922

.395

.216

.208

(continues)
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our first hypothesis: we found that high T and low F 
levels were associated with younger maternal age, 
less educational attainment, a decreased likelihood of 
having private health insurance, being Black, and 
being unmarried. Findings also supported our second 
hypothesis: T and F levels and sociodemographic fac-
tors were associated with neonatal health problems 
(GA, 1-minute Apgar scores, resuscitation at birth, 
days of hospitalization, and physical growth), mater-
nal mental health problems (depressive symptoms), 
and maternal healthy behaviors between birth and 
40 weeks’ GA. In some of these cases, only biological 
factors or only sociodemographic factors were asso-
ciated with a particular outcome.

Research on racial disparities in perinatal health 
outcomes has primarily focused on sociodemo-
graphic and environmental factors. Investigators 
have reported associations between racial disparities 
in adverse pregnancy and birth outcomes and educa-
tional attainment, marital status, income, access to 
healthcare, and perceptions of racism, racial dis-
crimination, and structural racism.17 Perceptions of 
racial discrimination and structural racism accumu-
late throughout life, leading to chronic stress that 
plays a critical role in health outcomes in Black 
women.9 These sociodemographic and environmen-
tal factors, however, are sometimes difficult to quan-
tify and not easily modified. On their own, then, 
they do not make ideal markers for precise identifi-
cation of risk or measurable targets for intervention. 
Identification of more quantifiable and modifiable 
factors associated with adverse birth outcomes 
would be an important step toward optimizing ante- 
and postpartum care in high-risk mothers and 
infants and, ultimately, reducing disparities in neo-
natal health outcomes, maternal mental health 
issues, and maternal unhealthy behaviors (which are 

related to mental health).14 Our findings in the pres-
ent study suggest that maternal T and F have the 
potential to serves as biomarkers of adverse out-
comes in VLBW, very preterm birth. We propose 
that using these biomarkers in conjunction with 
sociodemographic and environmental risk factors 
would improve our ability to identify at-risk moth-
ers, develop personalized interventions, and evaluate 
the effects of the interventions.

Associations Between Maternal T and F  
Levels and Neonatal Health, Maternal Mental 
Health, and Maternal Healthy Behaviors
We found that high maternal T levels were inversely 
associated with neonatal health outcomes and physi-
cal growth. Neonates of mothers with high T levels 
spent more days in the hospital and showed delayed 
physical growth in body weight and length between 
birth and 40 weeks’ GA. Svensson et al25 reported 
that a high maternal T level was associated with 
lower birth weight, small for GA, and shorter gesta-
tion, which could contribute to less favorable neona-
tal health outcomes. The associations between high 
maternal T levels and low birth weight and small for 
GA remained even after adjusting for maternal age, 
BMI, parity, secondhand smoke exposure, educa-
tion, SES, and infant sex. Other researchers found 
higher T levels in women who gave birth at preterm 
versus at full term.26 The inverse associations 
between maternal T levels and neonatal health and 
physical growth outcomes might occur because T 
levels are positively correlated between mothers and 
fetuses/infants, especially between mothers and their 
male fetuses/neonates (r = 0.43).27

We found that lower maternal F levels were asso-
ciated with younger age, an increased likelihood of 
being unmarried, less educational attainment, and 

TABLE 3. Associations Between Maternal Sociodemographic Factors and Neonatal Health, 
Maternal Mental Health, and Maternal Healthy Behaviors (N = 88 Dyads)a (Continued)

Variable Parameter β 95% CI P

GLMs for maternal healthy behaviors at 40 wk’ GA

 Healthy lifestyle behav-
iors at 40 wk’ GA

Age

Marital status (married)

Education (HS or less)

Race (Black)

BMI

Pregnancy complications

Labor complications

Insurance (private)

Gravida

Parity

Delivery mode (vaginal)

−.371

−3.532

6.089

−7.366

−.261

.263

−.530

1.930

−3.936

7.506

−1.884

−1.085, 0.343

−12.331, 5.267

−1.175, 13.352

−14.621, −0.112

−0.777, 0.255

−4.606, 5.132

−4.124, 3.063

−5.833, 9.694

−21.923, 14.050

−13.748, 28.761

−8.673, 4.906

.302

.425

.099

.047

.316

.914

.769

.621

.663

.483

.581

Abbreviations: β, parameter estimate; BMI, body mass index; CI, confidence interval; GA, gestational age; GLMs, general linear models; GLMMs, general linear 
mixed models.
aThere were no significant associations between demographic factors and 5-min Apgar scores, neurological insults, days of hospitalization, body weight, head 
circumference, depressive symptoms, anxiety, and perceived stress (data are not shown).
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being Black. For neonates, low maternal F levels 
were associated with more resuscitation at birth and 
were inversely associated with physical growth in 
weight, length, and head circumference between 
birth and 40 weeks’ GA. In a prior study, Gillespie 
et al28 found that higher maternal F levels were pre-
dictive of earlier birth among women without, but 
not those with, racial discrimination. Mothers with 
chronic stress due to discrimination might have a 
blunted F response.29 Our findings in the present 
study indicate that higher maternal F levels are a 
protective factor against adverse neonatal health 
outcomes and delays in physical growth. Other prior 
studies have also reported positive associations 

between maternal F levels and perinatal outcomes. 
Mothers with preterm birth had lower F levels (8.59-
9.71 pg/mg) throughout pregnancy than mothers 
with full-term birth (11.26-23.80 pg/mg).30 Mater-
nal F levels during the first and third trimesters were 
positively associated with birth weight, especially 
for males (β = .17, P = .04).31 During the postpar-
tum period, higher maternal F levels were positively 
associated with infant cognitive and gross motor 
development at 6 months.32

The effect of prenatal glucocorticoid treatment, 
which 85% of mothers in the present study received, 
was likely a contributor to increased maternal F lev-
els at birth. Nonetheless, maternal F levels were 

TABLE 4. Associations Between Maternal Testosterone (T) and Cortisol (F) Levels and 
Neonatal Health, Maternal Mental Health, and Maternal Healthy Behaviors (N = 88 Dyads)a

Variable Parameter β 95% CI P

GLMs for neonatal health at birth and 40 wk’ GA

 GA T 00

F 00

.745

−.565
−1.836, 3.325

−2.271, 1.140

.566

.510

 1-min Apgar score T 00

F 00

.419

.380
−2.595, 3.434

−1.607, 2.367

.781

.703

 5-min Apgar score T 00

F 00

.868

.050
−1.339, 3.076

−1.409, 1.509

.434

.945

 Resuscitation at birth T 00

F 00

.104

−.157
−0.108, 0.316

−0.297, −0.017

.330

.029

 Neurological insults at 40 wk’ GA T 40W

F 40W

.166

.272
−0.550, 0.881

−0.310, 0.854

.640

.349

 Days of hospitalization at 40 wk’ GA T 40W

F 40W

66.887

−38.204

12.013, 121.761

−73.837, −2.570

.018

.036

GLMMs for neonatal growth from birth to 40 wk’ GA

 Body weight T

F
−.182

.198

−0.327, −0.038

0.107, 0.289

.014

.000

 Length T

F
−.051

.058

−0.096, −0.005

0.029, 0.086

.027

.000

 Head circumference T

F
−.039

.052

−0.082, 0.003

0.025, 0.078

.072

.000

GLMMs for change in maternal mental health from birth to 40 wk’ GA

 Depressive symptoms T

F

.335

−.306
−0.057, 0.728

−0.552, −0.059

.093

.016

 Anxiety T

F

.108

−.063
−0.078, 0.294

−0.186, 0.059

.251

.305

 Perceived stress T

F

2.725

−.644
−3.152, 8.604

−3.891, 2.602

.360

.694

GLMs for maternal healthy behaviors at 40 wk’ GA

 Healthy lifestyle behaviors at 40 wk’ GA T 40W

F 40W
−.090

.053

−0.229, 0.048

−0.035, 0.141

.198

.230

Abbreviations: β, parameter estimate; CI, confidence interval; F 00, cortisol levels at birth; F 40W, cortisol levels at 40 weeks’ GA; GA, gestational age; GLMs, 
general linear models; GLMMs, general linear mixed models; T 00, testosterone levels at birth; T 40W, testosterone levels at 40 weeks’ GA.
aAll estimated coefficients of testosterone and cortisol were adjusted by maternal demographic factors (age, race, marital status, education, gravida, parity, 
body mass index, number of obstetric complications during pregnancy and at labor, type of health insurance, and mode of delivery).
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lower at birth (ie, within 72 hours after birth, mean 
F levels = 0.146 μg/dL) than at 40 weeks’ GA (∼2-3 
months after birth, mean F levels = 0.238 μg/dL). 
As the effects of glucocorticoids usually last for 7 
days,23 higher F levels at 40 weeks’ GA were likely 
not related to the treatment. It is possible that prena-
tal glucocorticoid treatment affected the variable of 
resuscitation for neonates at birth, as its treatment 
addresses respiratory immaturity, but our findings 
suggest that it did not have a substantial effect on 
maternal F levels at birth or 40 weeks’ GA.

Cortisol is known to increase susceptibility to 
mental health problems. For example, high maternal 
F levels have been associated with negative mood 
and emotional dysregulation during pregnancy33 
and depressive symptoms at birth and in the post-
partum period.34 Yet, in the present study, high 
maternal F levels appeared to be protective against 
maternal depressive symptoms during the postnatal 
period, as mothers with higher F levels reported 
lower levels of depressive symptoms between birth 
and 40 weeks’ GA. Likewise, Scheyer and Urizar35 
found that lower maternal F levels from the third 
trimester to 3 months postpartum were associated 
with higher levels of perceived stress while lower 
maternal F levels from the first trimester to 3 months 
postpartum were associated with higher levels of 
postpartum depression. The depressed mothers with 
lower F levels and additional stressors were also 
younger, more likely to smoke, and had neonates 
with lower birth weights and more health problems 
at 4 to 6 weeks after birth. Research has shown that 
mothers with chronic stress—stemming from 
sociodemographic factors such as perceived racism 
and low SES—have a blunted F response and flat-
tened diurnal F curve.29 As noted earlier, lower F 
levels in the present study were associated with 
younger maternal age, an increased likelihood of 
being unmarried, less educational attainment, and 
being Black, many of which suggest they were at 
increased risk of experiencing chronic stress. 
Another explanation is that the positive association 
between hypercortisolism and depression and 
depressive symptoms may be transient, whereas the 
inverse association between F levels and mental 
health problems is chronic.36

Associations Between Maternal  
Sociodemographic Factors and Neonatal 
Health, Maternal Mental Health, and  
Maternal Healthy Behaviors
In the present study, findings confirmed some asso-
ciations between sociodemographic factors and 
adverse neonatal and maternal birth outcomes 
reported in the literature, but we also had some 
unexpected findings. Maternal BMI was the only 
sociodemographic factor associated with very pre-
term birth, with neonates of mothers with a higher 

BMI having a higher GA. A higher BMI might be 
considered a risk factor for adverse pregnancy and 
birth outcomes because obesity is associated with an 
increased risk for obstetric complications such as 
gestational diabetes and hypertension.37 Manuck38 
reported, in a finding similar to ours, that very pre-
term birth was decreased in Black women who were 
obese compared with those with normal weights. In 
another study, researchers reported that mothers of 
VLBW, very preterm neonates were more likely to 
be economically disadvantaged than mothers of full-
term infants with normal birth weight and thus 
could sometimes not afford healthy foods.39 Eco-
nomically disadvantaged mothers enrolled in a fed-
eral assistance program such as WIC showed a 10% 
to 20% increase in their intake of optimal foods and 
nutrients compared with those not enrolled.39

Marital status was the sociodemographic factor 
most frequently associated with birth outcomes in the 
present study. Neonates of mothers who were mar-
ried had higher 1-minute Apgar scores and required 
less resuscitation at birth than those of mothers who 
were unmarried. Prior studies support our finding of 
marital status as an important factor for adverse 
birth outcomes. Shapiro et al40 reported that mothers 
who are married may have access to more social and 
financial resources that can reduce adverse perinatal 
outcomes including preterm birth, low birth weight, 
and small for GA. Sullivan et al41 found that Black 
mothers born in the United States were less likely to 
be married (32.4%) than White mothers born in the 
United States (75.7%). Thus, marital status might be 
directly related to racial disparities in birth outcomes 
in the United States as individual factors explain 6% 
to 7% of health disparities.17

Neonates of Black mothers had a faster rate of 
growth in length than those of White mothers in the 
present study, though neither growth in weight nor 
growth in head circumference differed by race. This 
finding is contrary to that of Tarca et  al,42 who 
reported that mean birth weight at 40 weeks’ GA 
was 133 g higher for neonates born to White moth-
ers than those born to Black mothers. Barrett et al15 
found that Black women were more likely to have 
high T levels than White women, while Svensson 
et al25 found that high T levels were inversely associ-
ated with birth weight and physical growth.

We did not find any associations between mater-
nal sociodemographic factors (age, marital status, 
educational attainment, race, BMI, and type of 
health insurance) and changes in maternal mental 
health between birth and 40 weeks’ GA. A possible 
explanation is that maternal mental health problems 
might be reduced by time, but we analyzed the data 
longitudinally. Indeed, anxiety levels were signifi-
cantly higher at birth in mothers who were unmar-
ried than in those who were married, but the differ-
ence was no longer significant at 40 weeks’ GA.
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Only race was associated with healthy behaviors 
in the present study. Black mothers reported fewer 
healthy behaviors at 40 weeks’ GA than White 
mothers, including healthy eating, physical activity, 
and refraining from smoking cigarettes and drinking 
alcohol. Olendzki et al43 reported that, in an urban 
area in the District of Columbia, 50% of Black and 
14% of White women older than 65 years had 
unhealthy eating patterns. Research has provided 
evidence that the prevalence of smoking and drink-
ing during pregnancy differs on the basis of sociode-
mographic factors, with the rate of smoking being 
higher in urban areas of the United States (10.4%) 
than in the country as a whole (7.2%).10 Neighbor-
hoods with a greater percentage of residents living in 
poverty and being uninsured have more tobacco 
stores nearby than neighborhoods where residents 
have higher SES.13 Cho et al12 reported that, in moth-
ers of VLBW infants, higher maternal T levels were 
associated with increased smoking and depressive 
symptoms while higher maternal F levels were asso-
ciated with more healthy behaviors. As healthy 
behaviors have been associated with birth outcomes, 
neonatal health, and maternal mental health, they 
are a promising target for behavioral interventions 
to reduce risks of adverse outcomes.10-12 Findings 
from the present study and those of Cho et al12 sug-
gest that healthy behaviors might be associated with 

Summary of Recommendations for Practice and Research
What we know: •	 Black mothers and their VLBW, very preterm infants in the United 

States have increased risk of adverse birth outcomes and neonatal 
and maternal health outcomes compared with White mothers and 
infants.

•	 Interventions to reduce the risk of adverse neonatal health and 
maternal mental health outcomes have yet to be effective in 
reducing disparities in these adverse outcomes.

•	 Disparities in adverse birth outcomes are associated with 
sociodemographic factors, but the factors are difficult to quantify and 
modify, limiting their usefulness in assessing intervention effects.

What needs to be studies: •	 The development of such interventions requires measurable, 
modifiable markers to serve as indicators of risk and intervention 
targets and to use in the assessment of intervention effects.

•	 Identification of measurable, modifiable biological factors related to 
adverse neonatal health and maternal mental health outcomes in 
VLBW, very preterm birth would improve the identification of at-risk 
mothers and infants and the assessment of intervention effects.

•	 Examine whether biological factors are associated with 
sociodemographic factors and both factors are associated with 
neonatal and maternal health outcomes.

What can we do today: •	 Aim to show whether biological factors are associated with 
sociodemographic factors.

•	 Aim to show whether biological factors are associated with neonatal 
birth outcomes, maternal mental health, and maternal healthy 
behaviors that are related to birth outcomes and mental health.

•	 Aim to show whether sociodemographic factors are associated with 
neonatal birth outcomes, maternal mental health, and maternal 
healthy behaviors that are related to birth outcomes and mental 
health.

•	 This approach could optimize our ability to reduce disparities in 
adverse pregnancy and birth outcomes, neonatal health, and 
maternal mental health and improve outcomes for high-risk 
mothers and their infants.

both sociodemographic and hormonal biomarkers. 
Further study into these associations is warranted as 
part of the effort to reduce disparities in neonatal 
and maternal health among high-risk populations.

Study Limitations and Recommendations 
for Future Studies
This study had a few limitations. We were not able 
to recruit Hispanic or Asian mothers of VLBW, very 
preterm neonates because their numbers were so 
small at the recruitment site. Future studies should 
use quota sampling to include more racially diverse 
samples of mothers. They should also have multiple 
recruitment sites to explore potential regional 
effects. We used EIA to measure hormone levels in 
saliva in the present study. Immunoassays, however, 
overestimate hormone levels.44 For future studies, 
liquid chromatography–mass spectrometry (LC/MS) 
might offer increased sensitivity and specificity. 
Because of its lower detection threshold, LC/MS is 
able to measure a wider range of salivary T and F 
levels than other analytic methods. LC/MS, how-
ever, is expensive and requires specialized tech-
niques.44 It is thus not always a viable option. Finally, 
as our study period was rather short (within 72 
hours after birth to 40 weeks’ GA), future studies 
should confirm and explore associations between T 
and F levels and sociodemographic factors and the 
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outcomes of neonatal health and maternal health 
beyond the immediate postnatal period.

CONCLUSION

In the present study, we identified high maternal T 
and low maternal F levels as potential biomarkers of 
adverse neonatal health and maternal mental health 
outcomes in VLBW, very preterm infants and their 
mothers between birth and 40 weeks’ GA. Our find-
ings also confirmed that disparities in birth outcomes 
in this high-risk population are associated with a 
complex interplay of social, economic, biological, 
and environmental factors. Biological and sociode-
mographic factors were associated with each other 
and also separately predicted various neonatal health 
and maternal health outcomes. We thus propose 
using sociodemographic and biological factors con-
currently to identify risk and develop and evaluate 
ante- and postpartum interventions. This approach 
could optimize our ability to reduce disparities in 
adverse pregnancy and birth outcomes, neonatal 
health, and maternal mental health and improve out-
comes for high-risk mothers and their infants.
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