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INTRODUCTION

The biopsychosocial model, most closely associated with George
Engel (1), was proposed as an alternative to the then-dominant
biomedical model for understanding health and delivering
healthcare. What distinguished the biopsychosocial model was
an emphasis on individual needs, the social context of health
and heath care, and most especially the dependencies between
an individual’s biological processes underlying health and the
social and cultural systems in which she/he is embedded. This
model spurred a major conceptual shift: its foundation underlies
current research paradigms (e.g., “social determinants of health”)
and values for health care delivery (e.g., “patient-centered” care).
Nonetheless, the model has been criticized for being difficult to
operationalize (2).

Opportunities provided by a biopsychosocial model to
improve health and health care delivery may be especially
important in the perinatal period. That is because of the high
prevalence and burden of pregnancy-related health conditions
such as preeclampsia and gestational diabetes. More broadly, the
rates of pregnancy-related morbidity and mortality are increasing
in the United States (3) and the World Health Organization
has stated that “ending preventable maternal mortality remains
an unfinished agenda and one of the world’s most critical
challenges” (4). Applications of the biopsychosocial model’s
focus on psychosocial and cultural contexts may provide clues
to improving perinatal health care and particularly health
inequalities, which are pronounced and persisting for maternal
morbidity and mortality. The application of a biopsychosocial
model to perinatal health may also benefit both maternal and
child health given two decades of reliable evidence from large-
scale studies linking prenatal maternal psychological well-being
with child’s behavioral and physical health (5). We propose an
application of the biopsychosocial model to perinatal health care
that conceptualizes prenatal clinic attendance and utilization as a
health marker that is influenced by psychological, psychosocial,
and sociodemographic factors.

The Kotelchuck Index (KI) or the Adequacy of Prenatal
Care Utilization (APNCU) is a validated and widely used
measure of adequacy of prenatal care; it is identified as
the recommended measure in the PhenX Toolkit. The KI
classifies prenatal care utilization into inadequate (<50%),
intermediate (50-79%), adequate (80-109%), and “adequate
plus” (also referred to as intensive or excessive care, at 110%
or greater), based on the percent of American College of
Obstetricians and Gynecologists (ACOG) recommended visits
received. Inadequate (usually combined with intermediate) care
during pregnancy is associated with poorer maternal health
(e.g., hospitalizations after delivery), lower birth weight, higher
rates of prematurity, and infant mortality (6, 7). There remains
some controversy about any causal connection between prenatal
care utilization and maternal and child health outcomes.
Nonetheless, improving quality and access to prenatal care
remains a high clinical and public health priority and a widely
suggested means for reducing disparities in maternal and
child health outcomes. It is therefore an important target for
clinical research.

Several risk factors of inadequate prenatal care utilization
have been identified; much of the focus and most of the
consistent findings concern socio-demographic characteristics.
Women with low socioeconomic status, defined according to
Medicaid eligibility, education, and neighborhood deprivation
are more likely to receive inadequate prenatal care (8). Care
utilization is also frequently associated with race and ethnicity.
Black and Latinx women are at a greater risk for late initiation of
care, not obtaining any care, and receiving inadequate prenatal
care (8-10). In fact, maternal morbidity and mortality is one
of the most acute examples of health disparities in the US.
The reasons for associations between perinatal care utilization
and socio-demographic or socio-economic factors are not well-
understood and are likely to be complex and confounded.
More fundamentally, sociodemographic factors are not proximal
causes of variation in perinatal care utilization but may point to
underlying causes, such as systemic racism. For example, Black
and Latinx women experience several types of economic and
social barriers that may explain lower rates of adequate prenatal
care (11). There is also evidence that racism and perceived
discrimination may predict lower rates of adequate prenatal care
in Black and Latinx women (8, 12).

Socio-demographic and  socio-economic factors are
confounded by psychological and social context, e.g., insofar as
stress associated with economic deprivation and discrimination
can contribute to and be exacerbated by adverse mental health
conditions (13, 14). Accordingly, by focusing on the inter-related
connections between social, demographic, and psychological
factors, a biopsychosocial model may provide a plausible, more
complete, and more practical explanation for variation in
perinatal care utilization. Moreover, a biopsychosocial model
may provide plausible intervention targets to improve perinatal
care utilization, i.e., to the extent that identified psychological
or social factors are more modifiable than sociodemographic
characteristics. Our development of a testable biopsychosocial
model focused on identifying hypothesized sources of risk for
poor prenatal care utilization from the extant literature—which
typically examines single or limited factors in isolation—and
considering possible confounding among these sources of risk.

There is a limited but growing evidence base linking KI
with social and cultural context and psychological processes
hypothesized by a biopsychosocial model (15, 16). Psychological
symptoms, including impairments significant enough to warrant
diagnosis, may directly or indirectly alter prenatal care
utilization. For example, women with a psychiatric diagnosis,
including substance use disorders, may enter prenatal care late
and/or receive inadequate care (15, 16). The nature of the effect
is not consistent across all studies, however, with some (17)
finding that affective symptoms are associated with less than
adequate care, but others (18) reporting affective symptoms
increase care; other reports are inconclusive (19, 20). Variation
in effects reported may be explained by the severity of and
type of symptoms and confounding health risk and social and
cultural context.

Interpersonal and relationship context are significant
components of a biopsychosocial model that may also shape
perinatal care utilization. One of the most active areas of research
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concerns interpersonal violence (IPV). Wolf et al. (21) and Cha
and Masho (22) reported that preconception and/or prenatal IPV
was associated with inadequate prenatal care. One meta-analysis
(23) found that women who experienced IPV had a decreased
likelihood of attending at least four prenatal care visits during
pregnancy; a separate meta-analysis (24) indicated that women
with past-year experiences of IPV had a high likelihood of
delaying or never seeking prenatal care. However, meta-analyses
expose the variation in effects across study, perhaps related to
the nature of how violence and abuse is assessed; several studies
did not find reliable associations between IPV and prenatal care
utilization (25).

Although most of the concern in the scientific and clinical
literature is on inadequate care, there is a small but growing
literature on the demographic, social, and psychological factors
associated with intensive or excessive prenatal care. Whether
or not intensive prenatal care may reflect the same kinds of
social and psychological processes associated with excessive care
utilization outside of pregnancy is unclear. What is emerging
is that excessive or intensive care is not super-adequate, but
may instead signal different kinds of risk, and may also be non-
optimal in terms of maternal and child health outcomes. For
example, intensive or excessive care is associated with higher
risk of preterm birth and low birth weight (10) as well as low
readiness for parenting and high psychosocial risk (19, 26). It is
possible these associations exist primarily because high medical
risk pregnancies require more frequent visits and therefore fall
into the intensive category of the KI. At a minimum, these
findings suggest that research on prenatal care utilization needs
to consider both inadequate and intensive care patterns, and that
the associations between psychosocial and interpersonal factors
and care utilization may not be monotonic.

A further feature of the study is consideration of both prenatal
and postnatal care utilization. ACOG recommends a postnatal
appointment by 12 weeks postpartum because it has obvious
benefits for tracking early infant and maternal health, including
postpartum depression (27). Few studies have examined the
predictors of postpartum visit completion, and only one to
our knowledge has factored in prenatal attendance data. That
study (28) found that low income, enrollment in Medicaid,
unemployment, multiple children, and missed prenatal visits
were significantly associated with an incomplete postpartum
visit. We aim to replicate and extend these findings.

In the current study we consider how a biopsychosocial model
may be applied to perinatal care and consider how variation in
care is affected by an individual’s psychological, interpersonal,
and social context. We capitalized on an ongoing, prospective
longitudinal pregnancy cohort that has several design features
for advancing research on perinatal care utilization. First, we
sampled women from community and university prenatal clinics
and enrolled participants at the first trimester; that meant that
we are examining variation in prenatal care unconfounded with
delayed prenatal care, a limitation in prior studies [but see (29)].
Second, the sample was medically healthy (i.e., not greater than
normal risk at enrollment), which provides leverage for assessing
psychosocial factors unconfounded with medical risk status.
Third, the diverse sample has been assessed at each trimester

with an extensive battery of psychological, health behavior,
socio-demographic, and psychosocial measures. For example, in
addition to assessing depressive and anxiety symptoms, we also
measure pregnancy-related anxiety, which has been suggested
to have distinct features and correlates with perinatal and child
outcomes (30). We are therefore able to provide a detailed
portrayal of the social and psychological contexts for prenatal
care utilization, and analysis of competing explanations for
variation in prenatal care utilization.

MATERIALS AND METHODS

Sample

The study sample (Understanding Pregnancy Signals and
Infant Development, “UPSIDE”) is a prospective longitudinal
pregnancy cohort conducted at the University of Rochester
Medical Center (URMC); it is part of the NIH Environmental
influences on Child Health Outcomes (ECHO) program.
Between December 2015 and April 2019, women were recruited
in their first trimester of pregnancy from outpatient obstetric
clinics affiliated with the University of Rochester. Eligibility
criteria were: <14 weeks gestation; age 18 or older; singleton
pregnancy; no known substance abuse or a history of psychotic
illness; ability to communicate in English; not greater than
normal medical risk and without major endocrine, metabolic
or immune disorders. Women received prenatal care through
URMC or a URMC affiliated clinic, making their clinic
attendance records accessible to research staff. Participants were
compensated for each research visit and provided transportation
or compensated for parking if needed. The study is approved
by the URMC Institutional Review Board; written consent
was obtained from all participants. For the current study, we
excluded women with incomplete clinic attendance data from
the medical record and those who discontinued care within a
URMC clinic during pregnancy; we also excluded women who
developed major endocrine, metabolic or immune disorders after
enrollment and women who did not have a live birth.

Measures

Clinic attendance data were abstracted from the electronic
medical record; demographic, psychological, social, and health
data were collected from in-person interview or questionnaire at
prenatal visits scheduled to coincide with a routine prenatal visit
in Trimester 1, 2, and 3; data on child birth weight and gestational
age were abstracted from the medical record.

Clinic Attendance

The number of visits scheduled and the outcome of each of these
visits (completed, canceled/rescheduled, no-show) was recorded
from the medical record. The Kotelchuck Index (KI) or the
Adequacy of Prenatal Care Utilization Index (6) was calculated
in the standard manner as the ratio of the observed number
of completed routine prenatal visits to the expected number of
visits. The expected number of prenatal visits is based on the
guidelines published by the American College of Obstetrics and
Gynecology (ACOG) and is adjusted based on total gestational
weeks and timing of initiation of care. The ratio of observed to
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expected visits is categorized into one of five groups: no prenatal
care, inadequate (<50%), intermediate (50-79%), adequate (80—
109%), or intensive (110% or greater) care. For example, a woman
who enters prenatal care in her first trimester and has a 40-week
pregnancy is expected to receive 14 visits. None of the study
participants received no prenatal care.

Postpartum visit attendance was analyzed as a binary variable,
according to whether or not a postpartum visit was completed
by 12 weeks postpartum, as recommended by ACOG. Women
were considered to have not had a postpartum visit only if it was
confirmed in the EMR.

Data was also collected on prenatal no-show visits. A visit
was considered a no-show when a participant failed to attend
her scheduled prenatal visit and did not call to cancel her
appointment. More information on the methods and results for
no-show data can be found in Supplementary Table 1.

Birth Outcomes
Birth weight (g) and gestational age (weeks) based on ultrasound
or last menstrual period were abstracted from the medical record.

Health Predictors

Participant age, parity, pre-pregnancy body mass index (BMI),
and smoking status (including vaping) was collected from
questionnaire and interview at enrollment. A variable for
pregnancy complications was created to encompass women
who were diagnosed with pre-eclampsia, gestational diabetes, or
gestational hypertension in the EMR.

Social Predictors

Demographics

Employment status (employed vs. unemployed; number of hours
worked per week), education level (highest level attained),
marital status (single vs. married/cohabiting), and number of
household members (not including the participant) was collected
from questionnaire and interview at enrollment. Self-reported
race and ethnicity was recorded; we identified three groups
sufficiently large enough for comparison: non-Hispanic White,
non-Hispanic Black, Hispanic/Latinx; the small number of other
groups and mixed race/ethnic groups were included in an “other”
category for analysis purposes. The income to needs variable
was calculated by taking a ratio of poverty level as determined
by the US Department of Health and Human services (31) by
annual income. Participants also indicated whether they utilized
services from Women, Infants and Children (WIC), Medicaid, or
other public assistance. Women were recruited from one of three
types of obstetric clinics: clinics serving a high psychosocial need
population (hereafter “Community Clinic”), general university
obstetrics clinic, and a Midwifery Practice.

Psychological Predictors

Social Support

The Interpersonal Support Evaluation List (ISEL) (32) is a widely-
used index of social support in the perinatal period that assesses
perceived availability of instrumental and expressive support.
Thirty out of the original set of 40 items were answered on a
scale of 1 (definitely true) to 4 (definitely false), with higher scores

indicating higher perceived availability of support. The ISEL was
administered at the second trimester study visit.

Anxiety

The Penn State Worry Questionnaire (PSWQ) (33) is a widely-
used 16-item instrument used to assess symptoms of anxiety and
worry. Items range from 1 (not at all typical of me) to 5 (very
typical of me); higher scores indicate more anxiety and worry.

Pregnancy-Related Anxiety

Pregnancy-related anxiety was measured using a modified
version of the Pregnancy Related Anxieties Questionnaire-
Revised (PRAQ) (30) Three items assess anxiety and worry about
the pain of delivery; four items assess anxiety and worry about the
baby’s health.

Depression

The Edinburgh Postnatal Depression Scale (EPDS) (34) is a
widely-used 10-item scale to assess depression in the perinatal
period independent of physical symptoms that could be
confounded by pregnancy. Items are scored 0-3; higher scores
indicate more depression.

Interpersonal Violence

Interpersonal abuse and violence were assessed using a screener
based on previously used tools (35, 36). The questions assess
for current and past physical, sexual, and emotional abuse. The
composite score (“interpersonal violence general”) was calculated
by summing the three screening items. The IPV screening items
were administered at the third trimester study visit.

Stressful Life Events

The Stressful Life Events scale (SLE) (37) is a 26-item scale
that asks about stressful events that may have happened to the
participant during the last year and was developed specifically
for pregnant samples. We assessed the total number of events
as the measure of stress. The SLE was administered at the third
trimester study visit.

Discrimination

Three sections of the Experiences of Discrimination scales
(EOD) (38) were adapted to measure discrimination based
on race and ethnicity only. Response to Unfair Treatment is
a 2-item measure assessing level of passivity in response to
being treated unfairly based on race or ethnicity; higher score
indicates greater passivity of response. The Discrimination scale
asks participants to answer “yes” or “no” to whether they
have experienced discrimination in 9 separate contexts; higher
score indicates higher self-reported discrimination. The Everyday
Discrimination scale contains 9 items to assess the frequency
with which participants experience discrimination; higher score
indicates less frequent discrimination.

Statistical Analyses

The PSWQ, EPDS, and PRAQ were administered at each
trimester; the final composites were averages of each of the three
summed scores. After reporting descriptive statistics, we present
bivariate analyses between the KI and obstetrics outcome and
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TABLE 1 | Sample descriptive data (0 = 2912P).

Maternal characteristics® Mean (SD) Mix-Max N (%)
Age (years) 28.7 (4.7) 18-41
Pre-pregnancy BMI (kg/m?) 28.3(7.1) 15.3-49.1
Household size (persons) 3.3(1.4) 1-11
Ethnicity/race
Non-Hispanic White 159 (54.6)
Non-Hispanic Black 75 (25.8)
Hispanic 33 (11.3)
Asian 10 (3.4)
Otherd 14 (4.8)
Education
<High school 9(3.4)
High school 88 (32.8)
Some college 41 (15.3)
College degree 65 (24.3)
Post-college degree 65 (24.3)
Employment status
Employed 208 (73.5)
Unemployed 75 (26.5)
Marital status
Married/living as married 163 (57.6)
Single 120 (42.4)
Medicaid enrollment
Yes 111 (43.5)
No 144 (56.5)
Nulliparous
Yes 96 (33.0)
No 195 (67.0)
Smoking during pregnancy
(any)
Yes 89 (31.4)
No 194 (68.6)
Pregnancy complications
Yes 31 (10.7)
No 260 (89.9)
Enrollment clinic
General OB 60 (20.6)
Midwifery 87 (29.9)
Community clinic 144 (49.5)
Infant characteristics® Mean (SD) Min-Max
Gestational age 39.4 (1.5) 32.1.1-42.7
(weeks)
Birth weight 3,362.6 1,280-4,730
@) (534.8)

aN = 326 Upside participants considered for inclusion. Participants were excluded if: they
transferred prenatal care out of URMC during pregnancy, they did not have a live birth,
they did not receive prenatal care within URMC affiliated system, they became screen
failures after enrollment.

bN’s for individual variables may differ slightly due to missing data.

CAt time of enroliment.

9“Other” including more than one race and American Indian/Alaska Native and individuals
self-reporting as “other”.

©See Figure 1 for graph of infant characteristics by Kl category.

predictor variables. Significant predictors of prenatal care (p <
0.05) in bivariate analyses were included in a multivariate analysis
to examine independent effects. We followed previous studies in
categorizing prenatal care utilization as Inadequate/Intermediate,
Adequate, and Intensive. For bivariate and multivariate results,
Adequate care is the reference category. Two contrasts were
examined: Adequate contrasted with Inadequate/Intermediate
and Adequate contrasted with Intensive. For the multivariate
analyses, data were analyzed using multinomial regression
with Adequate as the reference category; odds ratio and
significance is reported for each contrast. A similar strategy
was employed for postpartum care utilization, with bivariate
analyses preceding multivariate analyses. The dichotomized
response for postpartum visits means that the sole contrast
was between attendance at a postpartum visit (or not); For
bivariate analyses using Analysis of Variance or chi-square
analyses and multivariate analyses using logistic regression. All
statistical analyses were performed in IBM SPSS Statistics (39).
In addition to reporting analyses of the KI, we also report,
for comparison purposes, parallel analyses for no-show visits
(see Supplementary Table 1).

RESULTS

Our analytic sample was composed of 291 (of the 326)
participants in the cohort who met the inclusion and exclusion
criteria. The majority, 70%, of the women received Adequate care
compared with Inadequate (N = 6, 2%), Intermediate (N = 57,
20%), and Intensive (N = 23, 8%). Descriptive statistics (Table 1)
indicate that 1/3 of the participants were first-time mothers, and
just over half of the participants identified as non-Hispanic White
(54.6%). The psychosocial risk-enriched nature of the sample
is indicated by the percentage with high school education or
less (36%), Medicaid recipient status (44%), and single-parent
status (42%).

Prenatal care utilization was significantly associated with birth
weight and gestational age (Figure 1) in this healthy, normal risk
sample. Bivariate analyses indicated that prenatal care utilization
was associated with multiple socio-demographic, psychological,
and family and social context variables; differences were observed
for both Inadequate/Intermediate and Intensive care compared
with Adequate care (Table2). Inadequate/Intermediate care
was associated with race/ethnicity: compared to non-Hispanic
whites, an increased likelihood of Inadequate/Intermediate
care was observed for non-Hispanic Blacks (OR = 2.01,
95% CI [1.05, 3.87], p = 0.036) (an increased likelihood of
Inadequate/Intermediate care was observed for those in mixed
or “other” group, OR = 3.10, 95% CI [1.20, 8.00], p = 0.019,
but the interpretation is unclear because of the small size
and heterogeneous composition). In addition, younger age was
significantly associated with an increased likelihood of less than
adequate care, as was larger household size (Table 2). Individuals
who experienced Inadequate/Intermediate also differed from
those who received Adequate care in reporting less social support
(OR = 0.98, 95% CI [0.96, 1.00], p = 0.026) and less pregnancy-
related anxiety (OR = 0.96, 95% CI [0.93, 1.00], p = 0.014).
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Birth Weight and Gestational Age by Kl Category
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FIGURE 1 | Differences in birth weight and gestational age based on level prenatal care. Adequate care babies (M = 3448.78 + 504.19 g) had higher mean
birthweight than Inadequate/Intermediate (M = 3222.49 + 467.96 g) and Intensive care (M = 2977.57 £ 718.11 g) babies [F(, 288y = 11.57, p < 0.001]. The mean
gestational age for Intensive care babies (M = 38.19 + 2.84 wks) was earlier than that for Inadequate/Intermediate (M = 39.21 4+ 1.17 wks) and Adequate care (M =
39.62 + 1.36 WKS) babies [F(gv 288) = 10.31,p < 0.001].

A more novel finding concerned discrimination: those women
who reported a more passive response to unfair treatment
were more likely to experience less than adequate care (OR =
1.56, 95% CI [1.01, 2.42], p = 0.044). However, discrimination
based on the Everyday Discrimination scale was not associated
with care utilization; in fact, only n = 4 individuals reported
experiencing discrimination on a health care setting. Rates of
Inadequate/Intermediate care varied across clinic site: attending
the midwifery clinic significantly predicted a lower likelihood of
less than adequate care in comparison to the community clinic
(OR = 0.46, 95% CI [0.23, 0.94], p = 0.033).

Fewer factors differentiated women who received Adequate
compared with Intensive care (Table 2). One notable finding was
that an increased likelihood of Intensive care was associated with
a history of sexual assault (OR = 3.50, 95% CI [1.12, 10.96], p
=0.031).

The multivariate model predicting Inadequate/Intermediate
or Intensive care relative to Adequate care is presented in
Table 3. The overall model was significant [X? () = 36.32, p <
0.014]. Despite the number of significant bivariate associations in
Table 2, the multivariate model indicated that, adjusting for all
other factors in the model, only larger household size predicted
less than adequate care (OR = 1.26, 95% CI [1.00, 1.59], p =
0.048). Table 2 also indicates that prenatal medical complications

were significantly associated with Intensive care (OR = 4.93, 95%
CI [1.28, 18.96], p = 0.02). The association between history of
sexual assault and Intensive care was trivially changed from the
bivariate to the adjusted multivariate model (OR of 3.5 and 3.38,
with corresponding p-values of <0.05-0.056, respectively).

Postpartum Clinic Attendance

Of the 291 participants with prenatal attendance data, 277
also had postnatal attendance data, of whom 89.5% completed
at least one postnatal visit within 12 weeks after childbirth.
Table 4 identifies many factors associated with completion of a
postpartum visit. Postpartum visit status was not significantly
associated with either perinatal outcome that was associated with
prenatal care utilization, that is, gestational age or birth weight
(p’s > 0.1).

Likelihood of completing a postnatal visit was significantly
associated with smaller household membership, elevated
pregnancy-related anxiety, elevated general anxiety/worry,
increased social support, being employed, and Medicaid status.
Postpartum visit completion was also significantly associated
with prenatal care utilization: 73.3% of those with Inadequate
prenatal care completed a postpartum visit compared with 93.4%
of those in the Adequate and 100% of those in the Intensive KI
group [X?(y) = 22.28, p < 0.001].
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TABLE 2 | Bivariate logistic regression analysis predicting inadequate and intensive prenatal care vs. adequate prenatal care.

Predictors Less than adequate Adequate Intensive Less than adequate vs. adequate care Intensive vs. adequate care
frequency (%) N OR (95% CI) OR (95% CI)
Age (years) 27.5 (4.86) 29.2 (4.48) 28.4 (5.1) 291 0.92** (0.87-0.98) 0.96 (0.88-1.06)
Pre-pregnancy BMI (kg/m?) 28.6 (6.85) 27.9 (7.21) 30.26 (6.54) 291 1.01 (0.97-1.05) 1.04 (0.99-1.10)
Poverty income ratio 2.8 (2.13) 9 (4.40) 3.4 (2.85) 241 0.87 (0.75-1.00) 0.97 (0.84-1.11)
Household size (persons) 2.8 (2.05) 2(1.21) 7(0.86) 284 1.29** (1.08-1.55) 0.70 (0.45-1.11)
Employed hours/week 36.0 (16.14) 34.8(11.21) 39.8(11.68) 204 1.00 (0.98-1.04) 1.08 (0.99-1.07)
Depressive symptoms 1(5.00) 7 (4.45) 3(3.84) 287 1.02 (0.96-1.09) 1.07 (0.98-1.17)
Pregnancy anxiety (regarding baby) 17.6 (9.48) 21.5(11.04) 22.5(11.03) 290 0.96* (0.93-0.99) 1.01 (0.97-1.05)
Pregnancy anxiety (regarding labor) 17.6 (8.91) 19.6 (9.70) 21.3(11.08) 290 0.98 (0.95-1.01) 1.02 (0.97-1.06)
Social support 95.0 (19.27) 100.9 (15.85) 103.1 (13.05) 263 0.98* (0.96-1.0) 1.01 (0.98-1.05)
Worry symptoms 42.9 (12.67) 44.4 (13.19) 47.4(9.64) 287 0.99 (0.97-1.01) 1.02 (0.99-1.05)
Stressful life events 6 (3.54) 4 (2.65) 2.8(2.81) 255 1.03 (0.03-1.14) 1.05 (0.90-1.23)
Response to unfair treatment 6 (0.76) 4(0.63) 2.4(0.49) 264 1.56* (1.01-2.42) 0.82 (0.35-1.92)
Experience discrimination 7(1.27) 0.7 (1.46) 0.8(1.68) 260 0.97 (0.78-1.21) 1.02 (0.73-1.42)
Everyday discrimination 48.5 (10.04) 50.04 (7.39) 50.4 (6.29) 263 0.98 (0.95-1.01) 1.01(0.94-1.08)
Interpersonal violence general 4 (0.65) 0.5(0.73) 0.8(0.75) 260 0.80 (0.50-1.26) 1.60 (0.88-2.92)
Education 1(1.28) 3.4 (1.24) 3.4(1.27) 268 0.84 (0.66-1.07) 0.97 (0.69-1.37)
Frequency (%)
Ethnicity/race 291
Hispanic 15.2 69.7 15.2 0.97 (0.34-2.79) 2.39 (7.60-7.53)
Other 37.5 54.2 8.3 3.10* (1.20-8.0) 1.69 (0.34-8.48)
Non-Hispanic Black 29.3 64 6.7 2.05* (1.07-3.95) 1.15(0.38-3.47)
White (Reference) 16 76.1 6.9
Medicaid status 255
Yes 21.6 71.2 7.2 1.18 (0.63-2.2) 0.89 (0.34-2.27)
No (Reference) 18.8 72.9 8.3
Enrollment clinic 291
Midwifery 14.9 79.3 5.7 0.46* (0.23-0.94) 0.71(0.34-1.47)
General OB 26.1 62.3 11.6 0.41(0.14-1.18) 0.25 (0.06-1.15)
Community clinic (Reference) 21.2 75.8 3.0
Currently employed 283
Yes (Reference) 21.2 70.2 8.7
No 22.7 70.7 6.7 1.06 (0.56-2.02) 0.77 (0.27-2.16)
Marital status 283
Married/cohabitating 215 72.4 6.1 0.92 (0.52-1.62) 0.53 (0.22-1.26)
Single (Reference) 21.7 67.5 10.8
Nulliparous 291
Yes 18.8 69.8 1.5 0.82 (0.44-1.53) 1.90 (0.79-4.5)
No (Reference) 23.1 70.8 6.2
Smoking during pregnancy (any) 283
Yes 23.6 71.9 4.5 1.11(0.6-2.03) 0.44 (0.15-1.36)
No (Reference) 20.6 69.6 9.8
Receive WIC services 256
Yes 21.8 66.7 1.5 1.3 (0.68-2.48) 2.19(0.86-5.55)
No (Reference) 18.9 751 5.9
Receive public assistance 256
Yes 19.0 73.0 7.9 0.93 (0.45-1.93) 1.01 (0.35-2.92)
No (Reference) 20.2 72.0 7.8
History of sexual assault 259
Yes 16.7 66.7 16.7 0.86 (0.30-2.40) 3.5* (1.11-10.96)
(Continued)
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TABLE 2 | Continued

Predictors Less than adequate Adequate Intensive Less than adequate vs. adequate care Intensive vs. adequate care
frequency (%) N OR (95% CI) OR (95% CI)

No (Reference) 21.4 73.4 5.2

History of abuse 258
Yes 15.0 76.3 8.8 0.59 (0.29-1.2) 1.45 (0.52-3.99)
No (Reference) 23.6 70.8 5.6

Physical domestic violence 260
Yes 23.1 69.2 7.7 1.18(0.31-4.5) 1.25(0.15-10.5)
No (Reference) 20.6 72.9 6.5

Prenatal medical complications® 291
Yes 17.6 67.6 14.7 0.56 (0.19-1.70) 2.31(0.78-6.84)
No (Reference) 21.1 73.6 5.3

aDiagnosed with gestational hypertension, gestational diabetes, or pre-eclampsia.
*p < 0.01, *p < 0.05.
The bold indicates that this value is statistically significant.

TABLE 3 | Multinomial logistic regression analysis predicting inadequate and intensive prenatal care vs. adequate prenatal care (n = 240).

Predictors Less than adequate vs. adequate care Intensive vs. adequate care
OR (95% ClI) OR (95% CI)
Age (years) 0.95 (0.87-1.03) 0.97 (0.86-1.09)
Household size (persons) 1.26 (1.00-1.59)* 0.88 (0.55-1.40)
Pregnancy anxiety (regarding baby) 0.97 (0.93-1.00) 1.01 (0.96-1.06)
Social support 0.99 (0.97-1.01) 1.00 (0.97-1.05)
Response to unfair treatment 1.21(0.72-2.04) 0.90 (0.34-2.37)
Ethnicity/race
Hispanic 0.51(0.13-2.06) 2.86 (0.62-13.08)
Other 5.63 (1.64-19.37)** 3.84 (0.56-26.25)
Non-Hispanic Black 0.72 (0.29-1.77) 0.85 (0.19-3.76)
White (Reference)
History of sexual assault
Yes 0.33 (0.08-1.39) 3.38 (0.97-11.75)
No (Reference)
Prenatal medical complications
Yes 1.06 (0.32-3.47) 4.93 (1.28-18.96)*

No (Reference)

**p < 0.01, *p < 0.05.
The bold indicates that this value is statistically significant.

Results from the multivariate model (Table 5) indicated that
prenatal care utilization independently predicted completion
of a postpartum visit, as did elevated social support and
employment status; none of the other variables significantly
predicted postpartum visit independent of other variables in
the model.

DISCUSSION

The current study leveraged several design strengths of a large,
prospective, longitudinal pregnancy cohort study to test core
components of a biopsychosocial model of perinatal health care

utilization. Congruent with predictions from a biopsychosocial
model, perinatal health care utilization was associated with a
diversity of social context, psychological, and socio-demographic
factors. Multivariate model results highlighted the overlapping
nature of these predictors, and identified social support, family
context (size), anxiety, and trauma as among the more robust
predictors of perinatal care utilization. We consider how the
findings advance research in the area, and then consider
several possible clinical applications for increasing perinatal
care utilization.

The portion of women who received adequate or intensive
care in our study, 78%, is comparable to other studies, including
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TABLE 4 | Bivariate logistic regression analysis predicting completion of postpartum visit.

Predictors Completed visit Did not complete visit Did vs. did not complete visit
frequency (%) N (df) X2
Age (years) 29.04 (4.57) 27.48 (4.84) 277 (1,275)2.98
Pre-pregnancy BMI (kg/m?) 28.20 (7.17) 28.73 (6.52) 277 (1,275)0.14
Poverty income ratio 3.88 (4.15) 2.30 (2.01) 231 (1,229) 3.50
Household size (persons) 2.14 (1.33) 3.10 (2.18) 271 (1, 269) 11.62**
Employed hours/week 35.50 (12.03) 33.47 (17.09) 197 (1,195) 0.41
Depressive symptoms 6.03 (4.54) 5.15 (4.46) 275 (1,273)0.93
Pregnancy anxiety (regarding baby) 21.70 (11.11) 15.66 (5.51) 277 (1, 275) 8.32**
Pregnancy anxiety (regarding labor) 19.98 (9.61) 17.79 (9.20) 277 (1,275)1.36
Social support 101.03 (15.74) 88.83 (19.53) 257 (1, 255) 12.46**
Worry symptoms 45.10 (12.70) 39.66 (11.80) 275 (1, 253) 4.53*
Stressful life events 2.52 (2.95) 2.04 (1.99) 250 (1, 248) 0.63
Response to unfair treatment 2.47 (0.65) 2.44 (0.71) 259 (1, 257)0.05
Experience discrimination 0.75 (1.46) 0.48 (1.26) 255 (1,253)0.78
Everyday discrimination 49.52 (8.16) 50.92 (6.24) 258 (1, 256) 0.69
Interpersonal violence general 0.48 (0.73) 0.46 (0.59) 255 (1, 253) 0.02
Education 3.4 (1.22) 2.92 (1.41) 255 (1, 253) 3.30
Frequency (%) (df) X2
Ethnicity/race 277 (3) 6.53
Hispanic 93.3 6.7
Other 83.3 16.7
Non-Hispanic Black 82.9 171
White 92.8 7.2
Medicaid status 248 (1) 4.73*
No 93.6 6.4
Yes 85.2 14.8
Enroliment clinic 277 (2)1.15
Midwifery 90.6 9.4
Community clinic 87.5 12.5
General OB 92.2 7.8
Currently employed 270 (1) 4.28*
Yes 91.5 8.5
No 82.6 17.4
Marital status 270 (1) 2.51
Married/cohabiting 91.8 8.2
Single 85.7 14.3
Nulliparous 277 (1)3.73
Yes 94.6 5.4
No 87.0 13.0
Smoking during pregnancy (any) 270 (1) 0.55
No 90.2 9.8
Yes 87.2 12.8
Receive WIC services 249 (1)0.37
No 90.8 9.2
Yes 88.4 11.6
Receive public assistance 249 (1)0.18
No 90.4 9.6
Yes 88.5 11.5
History of sexual assault 254 (1) 0.31
Yes 93.3 6.7
No 90.2 9.8
(Continued)
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TABLE 4 | Continued

Predictors Completed visit Did not complete visit Did vs. did not complete visit

frequency (%) N (df)x2

History of abuse 253 (1) 0.49
No 91.4 8.6
Yes 88.6 1.4

Physical domestic violence 255 (1)1.42
Yes 90.1 9.9
No 100.0 0.0

Childhood sexual abuse 256 (1)0.26
No 91.0 9.0
Yes 88.2 11.8

Prenatal medical complications 277 (1) 3.93
No 88.3 1.7
Yes 100.0 0.0

b < 0.01, *p < 0.05.
The bold indicates that this value is statistically significant.

TABLE 5 | Multivariate binary logistic regression analysis predicting completion of
postpartum visit.

Predictors Did vs. did not complete postpartum visit

OR (95% Cl)

Household size 0.90 (0.68-1.17)
Pregnancy anxiety (regarding baby) 1.05 (0.98-1.12)
Social support 1.04** (1.01-1.07)
Worry symptoms 1.04 (1-1.09)
Kl category
Inadequate 0.21** (0.08-0.57)

Adequate/intensive (Reference)
Medicaid status

Yes 0.90 (0.30-2.73)

No (Reference)
Currently employed

Yes 2.86* (1.02-8.03)

No (Reference)

**p < 0.01, "o < 0.05.
The bold indicates that this value is statistically significant.

those with diverse samples (10). Our reported rate of inadequate
care (as distinct from intermediate care) of 2% matches other
studies that have been actively following women in pregnancy,
such as the rate of 2.4% in one controlled trial in pregnancy
(26). On the other hand, this rate is lower than other studies
not requiring participant engagement in an intensive prenatal
assessment, e.g., rates of 10% or higher have been reported
(7, 19). As regards postnatal care utilization, comparatively few
of our study participants, ~10%, did not complete at least one
visit within the recommended timeframe. Rates twice as high
have been reported (28). The explanation may also reflect a

possible bias of engagement in a research study. Participation
in the research study did provide incentives (compensation
was provided for prenatal research visits that occurred in the
same clinic women received their prenatal care) and perhaps an
implicit social support or other inducement to attend perinatal
health care visits. Alternatively, study participation may not have
had any causal role in increasing perinatal care utilization, e.g.,
to the extent that women who are already very engaged in their
prenatal care may be more disposed to participate in a research
study on pregnancy and child health. We were unable to test this
hypothesis directly because we were not able to compare perinatal
care utilization in those women who refused participation in
the study.

A starting point for our analyses predicting prenatal care
utilization is the observation that there were significant group
differences in both gestational age and birth weight among
the Adequate, Inadequate/Intermediate, and Intensive care
utilization groups. Those who received adequate care according
to ACOG guidelines had the most positive perinatal outcomes.
The magnitude of effect was not large but nonetheless notable
in this healthy sample of women, all of whom started prenatal
care by the first trimester. The findings underscore the value in
targeting prenatal care utilization for improving health outcomes
even in normal to low-risk samples. Postnatal care visit utilization
was not associated with these same perinatal outcomes but may
be more relevant for maternal postnatal health and screening,
which was not assessed in this study.

The biopsychosocial model proposes that health and health
care is best seen as a system embedded in, and reflective
of, the complex social context. We operationalized and tested
this model by analyzing potential sources of variability in
perinatal health care utilization. The findings provide broad-
based support for the model: we identified a wide range
of social and personal psychological factors that, at least in
bivariate analyses, associated with pre- and post-natal care
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utilization. These factors included affective symptoms of anxiety
and worry, which generally increased care utilization; social
support, which promoted adequate pre- and post-natal care; and
family size, which decreased likelihood of adequate perinatal
care and may index something of the practical difficulties of
obtaining care or the increased organization and arrangements
needed to access care. In fact, social and personal factors
were more reliable predictors of pre- and post-natal health
care than conventional health markers such as BMI or other
health behaviors; the positive association between prenatal
complications and intensive prenatal care was the exception
to this general pattern. Social and psychological factors were
also more reliably associated with perinatal care utilization than
socio-economic factors, including education, income, and social
services use. These findings emphasize that health care access
or utilization is a product of social and behavioral forces. The
predictability of postnatal care utilization from prenatal care
utilization may reflect stable personal traits or social context.

Several additional findings deserve particular attention. As
reported by many others, women who identify as non-Hispanic
Black were more likely to experience less than adequate prenatal
care in bivariate analyses; this did not extend to postpartum care,
however. This association for prenatal care was not confirmed in
multivariate analyses that considered multiple and confounding
social and socio-demographic factors. This suggests that the
other variables in the model accounted for, or were at least
confounded with, race/ethnic differences in care utilization. The
implication is that the widely-reported differential take-up of or
access to health care in certain minority groups may be explicable
in terms of confounding social and demographic factors that
may be plausible targets for improving perinatal health care
utilization. That, too, is consistent with the biopsychosocial
model’s emphasis on the embedded and confounded natures
of risks.

A second findings concerns the role of trauma history.
Individuals who reported sexual trauma in the course of the
research study were more likely to experience intensive prenatal
care. This was contrary to previous findings associating past
and current IPV with late or inadequate prenatal care (24).
The implication is that sexual trauma history is associated
with increased care seeking rather than providers responding
differentially to women with a trauma history (although we are
unable to rule out the latter possibility). In this context, it is
important to note that intensive care is not associated with better
outcomes, at least as regards birth weight and gestational age.

The third finding demonstrated that, in the bivariate analysis,
pregnancy-related anxiety specific to concerns about the baby
were related to a decreased likelihood of less than adequate
prenatal care, as well as a higher likelihood of completing a
postpartum visit. Ours is the first study we are aware of that
examined pregnancy-specific anxiety in relation to prenatal care
utilization patterns across pregnancy and beyond. Pregnant
women who have anxiety related to the well-being of their child
may be more inclined to desire assistance and assurance from
professional care providers, thereby making them less likely to
deviate from their attendance from a recommended schedule of
prenatal care visits. This pattern of anxiety and care utilization
is well-established outside of the perinatal care context (40), and

may have implications for improving clinical outcomes while also
reducing health care costs.

Several limitations of the study should be noted. The first
is that the findings may not generalize to all samples of
interest. We chose to study a generally health group of women
who initiated prenatal care by the first trimester to examine
biopsychosocial influences unconfounded with medical risk. Our
focus on the current cohort also meant that the women were
followed more closely (as a function of study participation,
and they did receive compensation for prenatal research visits)
than would be typical. In addition, although the study was
comparatively large, it was not positioned to examine perinatal
care utilization for all ethnic/minority groups; in particular,
our finding of increased likelihood of less than adequate care
among the small and diverse participants who did not identify
as Hispanic, non-Hispanic Black or non-Hispanic white requires
further investigation. Third, we did not have sufficient data
to examine clinic characteristics that may explain variation in
perinatal care utilization; our explanatory focus was limited to
characteristics of the women in the study. Finally, the Kotelchuck
Index, although well-validated and commonly used in research,
is limited in its ability to measure care quality because it
does not capture the actual visit content. Elements of the visit
that are crucial for determining care quality—provider-patient
communication, patient satisfaction, and health outcomes—
are not considered in this index. It is also important to
consider the possibility that patients who have experienced racial
discrimination in maternal health care settings may have been
reluctant to reveal their experiences in a survey administered
in the context of such settings. Research incorporating mixed-
methods approaches that include qualitative interviews may be
valuable in providing additional insight into the nature of extent
of care quality. Set against these limitations were several strengths
of the study, including a detailed assessment of social context,
psychological, and demographic factors; a multivariate approach
that considered overlapping and competing predictors of less
than adequate and intensive care; and a consideration of care
utilization in pregnancy and the early postpartum period.

Several clinical applications are suggested by the findings.
For example, the results concerning race and response to
unfair treatment suggest that women who prefer to avoid
confronting structural racism are more vulnerable to inadequate
prenatal care, which may make the hospital environment
uncomfortable. The implication may be that outreach and
trust-building experiences may be needed to improve health
care utilization. Additionally, increased psychosocial screening
at prenatal appointments—particularly in the early stages
of pregnancy—may identify patients at elevated risk for
poor attendance or worse birth outcomes, and could be
clinically and cost-effective. Targeting interpersonal violence,
which is now routine in most settings, as well as affective
symptoms and family setting may also identity those at
greatest risk for inadequate care. Third, in contrast to
socio-demographic or socio-economic indicators, many of
the predictors of perinatal care utilization identified here,
such as affective symptoms, are modifiable, and may be
responsive to brief targeted interventions to complement routine
obstetric care.
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