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Abstract The broad goal of contemporary prenatal care
is to promote the health of the mother, child, and family
through the pregnancy, delivery, and the child’s develop-
ment. Although the vast majority of mothers giving birth in
developed countries receive prenatal care, past research
has not found compelling evidence that early or adequate
prenatal care has favorable effects on birth outcomes. It is
possible that prenatal care confers health benefits to the
child that do not become apparent until after the perinatal
period. Using data from a national urban birth cohort study
in the US, we estimate the effects of prenatal care on four
markers of child health at age 5—maternal-reported health
status, asthma diagnosis, overweight, and height. Prenatal
care, defined a number of different ways, does not appear
to have any effect on the outcomes examined. The findings
are robust and suggest that routine health care encounters
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during the prenatal period could potentially be used more
effectively to enhance children’s health trajectories. How-
ever, future research is needed to explore the effects of
prenatal care on additional child health and developmental
outcomes as well as the effects of preconceptional and
maternal lifetime healthcare on child health.

Keywords Prenatal care timing -
Prenatal care adequacy - Child health outcomes

Introduction

Standard prenatal care involves a series of encounters
during the gestational period, educates women about
pregnancy, monitors medical conditions, tests for gesta-
tional health problems, and refers expectant mothers to
services such as support groups and social services [1].
Although statistics on prenatal care use in developed
countries other than the US are not routinely available, one
study found that in the 1980s, rates of late and no prenatal
care were much higher in the US than in France, Denmark,
and one Belgian province, all of which had nearly-
universal access to prenatal care [2]. Owing largely to
expansions of Medicaid for pregnant women in the late
1980s and early 1990s, prenatal care has become quasi-
universal in the US, with 92-96% of mothers giving birth
in 2006 receiving at least some prenatal care [3]. However,
there remains substantial variation in the timing of initia-
tion and adequacy of care. For example, 17% of births in
the US in 2006 were to mothers who initiated care after the
first trimester [3] and about 25% of births in the US in 2003
were to mothers who had less than adequate prenatal care
as defined by the adequacy of prenatal care utilization
(APNCU) index [4].
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Most research on the effectiveness of prenatal care in
developed countries has focused on birth outcomes (gen-
erally birthweight or infant mortality) and has found small
or no effects. For example, using econometric techniques
to address potential omitted variables bias, Reichman et al.
[5] found that first trimester care increases birthweight by
only 20 g, and Evans and Lien [6] found that prenatal visits
do not have a significant effect on birthweight overall but
have positive effects early in the pregnancy. The finding of
small effects of prenatal care on birthweight are consistent
with a recent review in the medical literature indicating
that few features of prenatal care would be expected to
increase birthweight at the aggregate level [7]. Reichman
et al. [5] also found that prenatal care has no effects on a
more direct measure of infant health—whether the child
had any serious abnormal infant health condition, such as
fetal alcohol syndrome, that was unlikely to be a random
shock. Although studies indicate that prenatal care may
improve birth outcomes in lesser-developed countries,
[8-10] the evidence that early or adequate prenatal care
improves aggregate birth outcomes in the developed world
is less than compelling.

It is possible that prenatal care has no appreciable effect
on birthweight, but that it benefits children’s health in the
longer-term. There are at least three reasons to think so.
First, the prenatal environment affects the fetus in ways
that may not be reflected in birthweight. Research on the
fetal origins of adult disease has revealed associations
between adverse intrauterine environments and subsequent
disease in offspring. The hypothesized process, referred to
as fetal programming, [11] is that fetuses starved in utero
may develop more efficient metabolisms, placing them at
increased risk for obesity, heart disease, and diabetes.
Much research in this area has focused on the effects of
undernutrition during pregnancy on cardiovascular disease
in offspring, but fetal programming may represent a more
general phenomenon. For example, recent studies have
linked prenatal intake of Vitamin D to wheezing and
asthma among offspring [12, 13].

Second, by educating mothers about their children’s
health and connecting them to the health care system (some
for the first time), prenatal care may increase the use of
pediatric health care or improve maternal health-related
parenting practices and, ultimately, child health. For
example, referrals to counseling or smoking cessation
treatment and breastfeeding education have become typical
features of contemporary prenatal care [14, 15]. Bradford
[16] and Colman et al. [17] found that although most
women who quit smoking during pregnancy resume post-
partum, many do not. Prenatal smoking cessation inter-
ventions and breastfeeding education have been shown to
confer favorable behavioral effects in the postnatal period
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(e.g., Fang et al. [18], Kistin et al. [19]), with some evi-
dence coming from randomized controlled trials, and both
behaviors are strongly linked to child health. Children
exposed to second-hand tobacco smoke are at increased
risk for acute respiratory infections, asthma, and ear
infections [20], and human milk decreases the incidence
and severity of infectious diseases and appears to be pro-
tective against diabetes, obesity, hypercholesterolemia,
asthma, and neurodevelopmental delays [21].

Finally, prenatal care could improve maternal physical
or mental health, which could affect the mother’s ability to
care for her child. There is some evidence that prenatal care
improves mothers’ health. Using two-stage models to
address potential omitted variables bias, Conway and
Kutinova [22] found that receiving early and adequate
prenatal care leads mothers to maintain a healthy post-
partum weight and may reduce lengthy maternal birth
hospitalizations. Maternal health has also been linked to
health-related parenting behavior. For example, one study
found that maternal depression is associated with cigarette
smoking, not administering vitamins to children, and not
restraining children in appropriate car seats [23]. Another
found that children living with a parent unable to provide
his/her own personal care are less likely than children who
live with a nondisabled parent to be immunized on time
[24].

The broad goal of contemporary prenatal care is to
promote the health of the mother, child, and family through
the pregnancy, delivery, and the child’s development [14].
However, links between prenatal care and relevant post-
natal outcomes have been underexplored. Aside from the
study referenced above that looked at effects on maternal
health, the few existing population-based studies have
examined well-child care, postpartum cigarette smoking,
and breastfeeding. Significant (favorable) associations have
been found for well-child visits [25-27]; immunizations
[26]; and maternal postpartum smoking [25]. These
behavioral changes may translate to better child health
outcomes. To the best of our knowledge, no studies have
investigated whether prenatal care is associated with child
health beyond infancy.

We use survey data from a national urban birth cohort
study in the US that have been augmented with both hos-
pital medical record data and in-home child assessments at
age 5 to estimate effects of prenatal care on a set of
markers for child health at age 5—maternal-reported health
status, asthma diagnosis, overweight, and height. We focus
on first trimester prenatal care, but also define prenatal care
other ways. We conduct a large number of specification
checks to validate the findings. This study fills a critical
gap in the literature and contributes to a more complete
understanding of the effects of prenatal care.
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Data

The Fragile Families and Child Wellbeing (FFCWB) study
is an ongoing longitudinal birth cohort study. During
1998-2000, parents were interviewed in 75 hospitals in 20
large US cities shortly after their children were born. Non-
marital births were oversampled (see Reichman et al. [28],
for information on survey design). Mothers completed
postpartum (baseline) interviews right after the birth, and
again 1, 3, and 5 years later. The children’s fathers were
also interviewed at each survey wave. A total of 4,898
mothers (86% of those eligible) were interviewed at
baseline; of those, 4,139 (85%) completed follow-up
interviews 5 years later. Mothers interviewed at 5 years
were asked to also participate in an in-home study, which
included a child assessment. In-home assessments were
conducted for 3,024 (62%) of the children enrolled in the
study.

The survey records were merged with additional data
which were collected as “add on” studies to the FFCWB:
(1) information from medical records (from the birth
hospitalization) of the mother and child, and (2) spatial
(geographic) coordinates of the mother’s address at the
time of the birth and of the hospital in which she gave
birth. The medical record data were collected using an
instrument based largely on the US Standard Certificate of
Live Birth. The availability of medical record data
depended, for the most part, on administrative processes
of hospitals rather than decisions on the part of survey
respondents to make their records available. Medical
record data, which were needed for the analyses, were
available for 3,684 (75%) of the 4,898 births in the
FFCWB sample.

Our analyses are restricted to cases for which medical
record data are available. We use two different analysis
samples. The first, to investigate overall health and asthma,
consists of mothers who participated in the 5-year survey
(which asked about those outcomes) and includes 2,552
births (3,137 of mothers with medical record data com-
pleted follow-up interviews at 5 years; of those, 585 had
missing data on analysis variables). The second, to inves-
tigate children’s overweight and height, consists of mothers
who participated in the 5-year in-home module (in which
weight and height were measured) and includes 1,395 cases
(2,318 mothers with medical record data completed the
in-home module; of those, 923 had missing data on anal-
ysis variables). Sampling weights are available for neither
the medical records nor the in-home samples. Comparisons
of the analysis samples to cases not included in those
samples revealed no consistent patterns by socioeconomic
status. For example, mothers included in the medical
records sample were less educated than those who were not
in the medical records sample. But, given inclusion in the

medical records sample, mothers who completed the 5-year
survey were less educated than those who did not complete
the 5-year survey. Our specification checks, described later,
explore whether patterns in missing data are likely to affect
our findings.

Measures
Prenatal Care

Our key measure of prenatal care, based on information
from the medical records, is a dichotomous indicator for
first trimester prenatal care (before week 14 of the preg-
nancy). In supplemental analyses we consider other mea-
sures of prenatal care use. Almost half (42%) of the
mothers in our sample started care after the first trimester,
which is consistent with previous research indicating that
rates of late, no, and inadequate care are higher among
mothers who are young and poor [29, 30]. In the vast
majority of the cases (95%), the week of pregnancy pre-
natal care began was indicated directly in the records.
When that was not the case, we calculated the number of
days between the date of the last menstrual period (LMP)
and the date prenatal care began, and divided by 7. If both
week care began and LMP were unavailable (<1% of
cases), we imputed LMP by subtracting 280 from the
estimated date of confinement.

Outcomes

There is a large and growing literature on the consequences
of childhood health for educational attainment, income and
wages, and morbidity and mortality into adulthood [31].
Drawing upon this literature, we consider four widely-used
markers of child health at age 5: overall health status,
asthma diagnosis, overweight, and height.

Overall Health Status

We use the standard survey question in which mothers are
asked to rate their children’s health on a 5-point scale to
construct a dichotomous indicator for excellent or very
good (vs. good, fair or poor) overall health status. Although
this measure is subjective, it may capture subtle aspects of
health that are not detected when considering specific (and
often rare) conditions and it facilitates comparisons across
studies since it is used widely in population-based surveys.

Asthma Diagnosis

Asthma, which is considered a worldwide epidemic, is a
major cause of chronic illness and disability among children
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[32, 33]. Prevalence rates have more than doubled in the US
since the early 1990s, with 9% of children in 2005 having had
a diagnosis of asthma [34]. Our main measure of asthma is
whether the child had ever been diagnosed with asthma,
based on a question at the 5-year survey asking the mother if
a doctor or other health professional ever told her that the
child has asthma. The child was characterized as having had
an asthma diagnosis if the mother responded affirmatively to
this question. Mothers of children with a diagnosis were
further asked whether the child had an asthma attack and
whether the child had visited an emergency room or other
urgent care facility because of asthma in the past 12 months;
information from those follow-up questions was used to
create alternative measures that are used in supplemental
analyses. The advantage of our asthma measures is that they
are based on the set of survey questions used in the National
Health Interview Surveys to derive national estimates and in
numerous other surveys. The disadvantages include poten-
tially imperfect maternal reports and inaccurate or missed
diagnoses.

Overweight or Obese

Obesity is another escalating global epidemic that affects
virtually all age and socioeconomic groups in both devel-
oped and developing countries [35]. In the US, the preva-
lence of childhood overweight and obesity has increased
substantially in the past three decades. In 2007-2008,
21.2% of children between the ages of 2 and 5 years had a
body mass index (BMI) >85th percentile for age [36].
Child overweight and obesity are significant concerns, both
because they are associated with childhood morbidities
including type 2 diabetes, cardiovascular disease, and
sleep-disordered breathing [37] and because overweight/
obese children are at elevated risk for becoming over-
weight adults who are at disproportionate risk for a number
of health conditions [38]. The Centers for Disease Control
(CDC) classifies children with BMI between the 85th and
95th percentiles of their age and sex to be overweight and
above the 95th percentile to be obese [39]. For the FFCWB
study, child weight and height were measured at the 5-year
in-home assessment by trained interviewers following
CDC guidelines. BMI is calculated as weight in kilograms
divided by height in meters squared. Our primary measure
is an indicator for >85th percentile. However, we assess
the sensitivity of the findings to the 95th percentile cutoff
and with continuous measures of BMI.

Height
Recent literature has pointed to childhood height as a

marker of health, even in developed countries, and has
found that suboptimal growth or short stature in childhood
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adversely affects health trajectories and other lifecourse
outcomes. For example, Rees et al. [40] found that shorter
children and teens are at increased risk for depression. Case
and Paxson [41] summarized and presented new evidence
on the relationship between height and adult earnings and
found that taller adults earn more because they have higher
cognitive ability. Although genes play an important role in
determining height, a recent review suggests that envi-
ronmental factors such as poor nutrition, stress, and illness
can slow a child’s growth and lead to reduced height in
both childhood and adulthood [42]. According to Case and
Paxson [41], height advantages or disadvantages are
reached at a young age because environmental influences
have their effects during the prenatal period or early
childhood. The authors concluded that height is not only a
determinant of future success, but that it is also a useful
marker for childhood health [43]. Our main measure of
height is the child’s percentile of height for age and sex.

Covariates

Because both prenatal care use and child health are
strongly associated with socioeconomic status, we include
an extensive set of sociodemographic controls in our
models, all from the mother’s baseline survey. These
include maternal age, relationship status, race/ethnicity,
education, nativity, public health insurance (proxy for
poverty), parity, family structure as a child, and religious
attendance, as well as the father’s education and age.

In certain models, we include whether the child was low
birthweight (<2,500 g) (from medical record), maternal and
paternal self-rated health (using the same 5-point scale and
variable construction as for the child measure, from their
baseline interviews), maternal pre-existing lung disease
(from prenatal history in medical record), paternal medica-
tion for asthma (from his 3 or 5-year interview), maternal
obesity (based on pre-pregnancy weight and height in her
medical record), and father obesity (from his 3-year inter-
view), as well as the child’s birth length (from medical
record), the mother’s height (from medical record), and
father’s self-reported height (from his 3-year interview), all
in centimeters. To minimize the potential for reverse cau-
sality, it would have been ideal if all of the parental health
measures were measured at the time of, or just prior to, the
pregnancy. However, there was no information in the data on
the father’s asthma, weight, or height until 3 years.

Sample Characteristics
Table 1 presents sample characteristics—overall, for

mothers who received first trimester care, and for those
who initiated care after the first trimester. The first
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Table 1 Sample characteristics Full sample 1st trimester care Late care
(N = 2,552) (N = 1,474) (N = 1,078)
Markers of child health at 5 years
Excellent or very good health .88 .88 .88
Asthma diagnosis 21 .20 23%
Overweight (>85th percentile BMI)* 34 35 33
Height percentile (mean)® 54.4 55.3 53.2
Sociodemographic measures
Mother’s age (years)
<20 .19 15 23%
20-34 72 74 .70
Parents’ Relationship
Married 25 32 .16*
Cohabiting 37 .35 40
Mother’s race/ethnicity
Non-Hispanic black A7 43 52%
Non-Hispanic white 21 27 .14
Hispanic 28 27 .29
Mother’s education
<high school graduate 33 .28 41
High school graduate .30 .30 .30
Some college .26 27 24
Mother foreign born 15 .16 15
Publicly insured birth .63 .55 3%
Mother’s first birth .38 41 34%
Father < high school graduate 33 .30 .38*
Father’s age (years)
<20 .09 .07 A1*
20-34 74 74 74
Mother lived with both parents at age 15 43 46 39%
Mother attends religious services .38 41 35%
several times per month
) Health measures
All ﬁgl,'erS‘ are proponlc?ns Child
unless indicated otherwise
. - Low birthweight .09 .09 .09
* Statistically significant ) i
(p < .05) difference between Birth length (mean, in cm) 50.0 50.3 49.8%*
first trimester and later care Mother
groups Excellent or very good health .66 .67 .65
! Chlld.loverwglgh:i and }Illelght Pre-existing lung disease .14 .14 15
percentile are based on the !
child’s age and sex. These Ot?es.e ) _ 24 25 22
outcomes were collected in the Missing weight or height 10 08 14
5-year in-home module, which Height (mean, in cm) 162.5 162.5 162.6
had a lower response rate than
Father
the core 5-year survey; these .
analyses were based on a Excellent or very good health .61 .64 .56
sample of 1,395, of which 808 Medication for asthma .02 .02 .03
Eag ?rSt trimester care and 587 Missing asthma medication .16 14 20%
ad late care. The means for
mother obese, father obese, Ot.>es.e ) 20 21 19
child’s birth length, mother’s Missing obesity 21 18 26%
height, father’s height, and Height (mean, in cm) 177.1 177.4 176.6*
missing on any of those are Missing height 21 18 5%

based on the smaller sample
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trimester care group had a lower rate of asthma diagnosis
and the difference was statistically significant. For the three
other health markers, the differences between the prenatal
care groups were small and statistically insignificant.

By design, only one quarter of the mothers were married
at the time of the birth. Because non-marital fertility is
highly associated with minority status and poverty in the
US, the oversampling of non-marital births resulted in a
sample that is largely minority and poor. About half of the
mothers were non-Hispanic black and about one-third were
Hispanic. Approximately one-third had not completed high
school and another third had only a high school education.
About two-thirds of the births were covered by public
insurance, reflecting the fact that a large proportion of the
sample is poor or near poor.

About two-thirds of both mothers and fathers reported
very good or excellent health. Rates of obesity (defined
according to CDC standards) were similar for mothers (24%)
and fathers (20%). The rate of low birthweight (9%) in our
largely disadvantaged sample is above the national average
of 7.6% in 2000 [44], and the rates of children with poor
health outcomes are higher than national figures cited earlier.

Compared to mothers who initiated care later, mothers
who received first trimester care were less likely to be
teenagers, more likely to have been married, and less likely
to have had publicly insured births. That is, there is
favorable selection into early care based on observed
characteristics (those with the best expected outcomes
initiate care earlier). However, consistent with previous
research, mothers with earlier care were not less likely to
have a low birthweight child.

Estimation Strategy

We apply a three-pronged approach with the goal of
obtaining unbiased estimates of the effects of first trimester
care on our markers of child health. First, we rely on rich,
well-measured, longitudinal data. First trimester prenatal
care was constructed from information in the mother’s
obstetrical records, which are designed to collect this infor-
mation; our models are therefore not subject to biases
stemming from the overreporting of early prenatal care by
mothers themselves, as was found by Reichman et al. [5]
Two of the outcomes (overweight and height) are based on
in-home child assessments at age 5. From the medical
records and surveys, we are able to control for corresponding
measures (e.g., obesity, asthma) for both parents. Second, we
estimate models that alternatively include state indicators,
city indicators, and hospital indicators as well as models that
include additional theoretically important variables that are
often unobserved. Third, we conduct numerous specification
checks to assess the sensitivity of our estimates.
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Based on Table 1, we expect favorable selection based
on unobserved characteristics, which would lead to
upward-biased estimates of the effects of first trimester
prenatal care in our models. However, we allow for the
possibility of adverse selection into prenatal care (e.g.,
mothers at greater risk being more likely to initiate care
early). By including birthweight, prenatal maternal health,
and paternal health in our expanded models, we control for
adverse selection (which would lead to downward-biased
estimated effects of early prenatal care) reasonably well.
These variables may be correlated with other covariates so
their estimated effects should be interpreted with caution.
However, Reichman et al. [5] found that including or
excluding them did not change the estimated effects of
prenatal care on birth outcomes.

Multivariate Results

Table 2 presents estimated effects of first trimester prenatal
care on each of the markers of child health at age 5. The
figures include probit marginal effects (for dichotomous
outcomes) and ordinary least squares (OLS) coefficients (for
child’s height). Standard errors in all models were corrected
for city clustering of observations using the Huber-White
method. Each model includes all of the sociodemographic
characteristics in Table 1, as well as birthweight and parental
health measures that correspond to the specific outcome.
Although past research has typically found no effects of
prenatal care on birthweight in the US, as is the case in our
data (not shown), controlling for low birthweight fully
ensures that we are looking at potential pathways other than
through that outcome. Similarly, when controlling for
parental health variables, we are considering potential
pathways other than through those measures. As discussed
earlier, the parental health variables are all measured at the
earliest time point available and are included to control for
intergenerational (biological or social) patterns in the out-
comes. For excellent or very good child health, we include
both maternal and paternal reports of their own health. For
asthma diagnosis, we include whether the mother had ever
been diagnosed with lung disease prior to the birth and
whether the father reported that he takes medication for
asthma. For overweight, we include indicators for each
parents’ obesity. For height, we include the mother’s height,
father’s height, and also the child’s birth length which is
associated with subsequent height [45]. Due to incomplete
data on specific parental health measures (which are coded as
negative when the relevant data are missing), we include
separate indicators for missing data on each of the following:
mother’s obesity, father’s asthma, father’s obesity, and
father’s height.

Results from all models, including alternative models
not shown that did not include low birthweight and the
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Table 2 Effects of first

trimester prenatal care on Excellent or very A'sthma' Overweight Height‘
. good health diagnosis percentile
markers of child health at age 5 N = 2.552 N = 1.395
Marginal effect Marginal Marginal Coefficient
effect effect
First trimester prenatal care —.01 —.01 .01 1.04
Sociodemographic measures
Mother’s age
<20 years .03 —.04 —.01 —8.84%*
20-34 years .03 —.02 —.05 —6.93%*
Parents’ relationship
Married —.00 —.06%* —.03 -3.10
Cohabiting —.01 —.03 .03 —1.14
Mother’s race/ethnicity
Non-Hispanic black —.03%* L06%* —.02 5.40%*
Hispanic —.02 .08* .05 —1.09
Other non-white non-Hispanic .05 .03 —.09 —6.51
Mother’s education
High school graduate .02 —.02 —.03 —2.84
Some college .04%* .00 —.00 —1.43
College graduate 06%* .00 .05 -.20
Mother foreign born —.10%** —.07*** .07 7.77*
Publicly insured birth —.03%* .03 —.03 -.37
Mother’s first birth .04 —.03 —.04* 1.58
Father < high school graduate —.00 .02 .00 1.47
Father’s age
<20 years —.01 .06 .01 2.50
20-34 years .00 .04 .06 71
Mother lived with both parents .00 —.01 .02 —1.26
at age 15
Mother attends religious —.01 .06%** .02 -.72
services several times per month
Health measures
Child—low birthweight —.06%* 3 —.08 2.06
Excellent or very good health
In models that excluded the Mother 08k
health measures, the marginal Father — 0l
effects of prenatal care were
—.01, —.01, and .02 for Mother—pre-existing lung disease 18#%*
excellent or very good health, Father—medication for asthma 20%%*
asthma diagnosis, and Obese®
et pestly
percentile was 1.48 (none was Father 5
statistically significant) Child—birth length 1.88%:
* p < .10; ** p < .05; Height"
<01 Mother 1.00%**
f‘ Indicator for “missing” Father 3
included

other child and parental health measures, suggest that  sociodemographic factors and the markers of child health
early initiation of prenatal care does not significantly affect  are consistent across models with and without the health
child health. The patterns of associations between variables (latter not shown) and are consistent with findings
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from past research. As expected, the health covariates are
very strong predictors of age 5 child health outcomes.
Mothers are less likely to report that their child is in
excellent or very good health if the child was low birth-
weight and more likely to do so if they rated their own
health at baseline as excellent or very good. The proba-
bility of being diagnosed with asthma is significantly
higher for children who were low birthweight, for children
whose mothers have a history of lung disease, and for
children whose fathers take medication for asthma. Chil-
dren whose parents are obese are much more likely to be
overweight at age 5. As expected, birth length, maternal
height, and paternal height are strong positive predictors of
the child’s height at age 5.

To address the issue of omitted variables bias, we esti-
mated supplementary models (not shown) that alternatively
included state, city, or hospital indicators as well as models
that included additional covariates that economic theory
suggests are important determinants of both prenatal care
use and child health but are not typically observed in
population-based surveys. For the latter, we follow
Reichman et al. [5] by including a proxy for wantedness
(whether the mother reported at baseline that she had
considered having an abortion), which may address
potential favorable selection into prenatal care, and a
measure of the mother’s known health endowment (any
pre-existing maternal physical or mental health condition,
taken from the health history in the mother’s prenatal
record), which may address potential adverse selection. To
capture aspects of socioeconomic status perhaps not
accounted for by education, insurance status and the other
covariates, we estimated additional models that included
household income and proportion of households below the
federal poverty line in the mother’s residential census tract.
In all cases, the estimated effects of prenatal care (no
matter how characterized) on the child health outcomes (no
matter how characterized) remained insignificant (results
not shown).

Specification Checks

First, we estimated models using alternative measures of
prenatal care—week of gestation prenatal care began, dif-
ferent cutoffs for early care (before week 16, before week
28), total number of prenatal visits, total number of pre-
natal visits conditional on any pre-existing maternal
physical or mental health condition, the APNCU index, and
the Graduated Index—Revised. The latter two measures
take into consideration both the timing of prenatal care
initiation and the number of prenatal visits given the ges-
tational age of the infant at birth [46]. Regardless of pre-
natal care measure used, there were no significant effects of
prenatal care on any of the markers of child health, with
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two exceptions—the APNCU index, for overweight and
height. However, once the health measures were included,
those estimates were no longer statistically significant.

Second, we used alternate measures of child health.
Maternal assessment of child health was re-characterized
as excellent, very good, or good (vs. fair or poor) and also
as excellent (vs. less than excellent). For asthma, we
positively coded only children who had a severe asthma
attack in the last 12 months. For weight, we considered
continuous measures of BMI and BMI percentile as well
as a dichotomous measure for obesity (BMI > 95th per-
centile). For height, we considered height in centimeters,
dichotomous measures of height at less than the 10th and
5th percentiles, and the child’s height percentile divided
by the mother’s height percentile. We also estimated
ordered probit models for maternal assessment of child
health as well as models with dichotomous variables for
any negative health condition. In all cases, the estimated
effects of prenatal care, no matter how measured,
remained insignificant.

Third, we investigated the extent to which our null
results may be due to selective sample attrition. We found
that first trimester prenatal care had no association with
the mother’s report of child health status at 1 year, which
had an 89% response rate; that children with fair or poor
health at 1 year were as likely as those in excellent health
at 1 year to remain in the sample at 5 years (73 vs. 74%);
and that associations between prenatal care and birth-
weight and between prenatal care and maternal-reported
child health at 1 year did not differ significantly for those
who left and those who remained in the sample at 5 years.
These findings suggest that the associations between
prenatal care and child health are likely to be the same for
the two groups.

Finally, we estimated numerous subsample and inter-
active models to assess whether there could be hidden
effects for certain groups, including first births, immigrant
mothers, non-Hispanic black mothers, publicly insured
births, mothers with (and without) suboptimal self-rated
health, mothers with (and without) pre-existing medical
conditions, mothers who were obese, mothers with a pre-
vious low birthweight or small-for-gestational age infant,
and healthy newborns (defined as having gestational age of
at least 32 weeks and weighing over 1,500 g at birth). Out
of 28 different subgroup models, first trimester care had a
significant favorable association with child health in only 1
(for black women, those who had early prenatal care had
children with a significantly higher mean height percen-
tile), and out of 28 different interaction models, the inter-
action with prenatal care was significantly favorable in
only 1 case (overall child health, for immigrant mothers).
We thus found no compelling evidence that prenatal care
has benefits for any clearly-defined group.
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Conclusion

As far as we know, this is the first study to investigate the
effects of prenatal care on child health beyond infancy.
Studies have found that prenatal care confers favorable
effects on maternal health-related parenting behaviors such
as postpartum cigarette smoking and pediatric care. Such
prenatal care-induced behavioral changes would be
expected to lead to improved child health. However, using
population-based data from a national urban birth cohort
study from the US and implementing a number of different
strategies to validate the findings, we found that prenatal
care, measured a number of different ways, has no dis-
cernable effects on four key markers of child health—
overall health status as reported by the mother, asthma
diagnosis as reported by the mother, overweight, and
height.

If prenatal care has effects on child health at age 5, we
would have expected to find some evidence to this effect.
We used extremely rich data with information on prenatal
care from the mothers’ prenatal records, data on child
health from in-home assessments and surveys 5 years later,
and detailed sociodemographic and health data on both
parents. We found no effects for any obvious population
subgroup. The findings are consistent with previous liter-
ature that has generally found small or no effects of pre-
natal care on infant health in developed countries. All of
this said, however, we offer several caveats.

Health is a difficult construct to measure, especially for
children, so it is possible that our four key markers of child
health do not capture effects that might exist. Studies
incorporating indicators of immune function or exposure to
disease may be warranted [47], as may studies including
cognitive and behavioral outcomes. It is possible that,
despite our preliminary evidence to the contrary, lack of an
observed relationship between prenatal care and child
health reflects selective sample composition, the two key
sources of which were participation in the in-home
assessment at 5 years and availability of medical record
data from the birth hospitalization. Prenatal care may help
certain individuals a great deal but not translate to observed
effects for identifiable population groups. We were not able
to measure the quality of prenatal care received, which may
be an important unobserved factor. Finally, the findings
may not be representative of the US population as a whole.
Our interaction and subsample models indicating no con-
sistent evidence of significant favorable effects of prenatal
care for any group, in concert with our analyses suggesting
that the estimated effects of prenatal care are not biased
due to attrition, suggest that our findings are representative
of the FFCWB sampling frame—the US population in
cities over 200,000 people, which accounts for 58% of the
US population as a whole [48]. However, sampling weights

were not available for these analyses and we cannot speak
to the issue of whether our results would apply to popu-
lations in smaller cities in the US, rural or suburban areas
in the US, or other developed countries.

This study broke new ground by being the first on the
topic; as such, it is important that the findings be replicated
and further explored. Importantly, the findings should not
be interpreted as implying that prenatal care should be
curtailed. Rather, the findings suggest that routine prenatal
care could potentially be better capitalized upon to improve
child health trajectories. The fact that studies have found
favorable effects on maternal health-related parenting
behaviors represents an important first step in this direc-
tion. Also, prenatal care has been shown to improve
maternal health and could potentially affect prenatal health
behaviors in subsequent pregnancies, both of which could
affect the health of the mother’s future children. A recent
study found that late and inadequate prenatal care are
associated with short subsequent birth intervals, which are
associated with adverse perinatal outcomes, suggesting that
early or adequate prenatal care could indeed have favorable
effects on the health of the next child [49]. Finally, a
related and important question is how mothers’ lifetime
medical care (as in countries with universal healthcare), or
at the very least pre-conception care, affects their chil-
dren’s health.

Acknowledgments This research was funded by the National
Institute of Child Health and Human Development Grant
RO3HDO057230. The authors are grateful for helpful comments from
Cheryl Carleton and Laura Argys and for valuable research assistance
from Prisca Figaro and Oliver Joszt.

References

1. Kirkham, C., Harris, S., & Grzybowski, S. (2005). Evidence-
based prenatal care: Part I. general prenatal care and counseling
issues. American Family Physician, 71, 1307-1316.

2. Buekens, P., Kotelchuck, M., Blondel, B., Kristensen, F. B.,
Chen, J. H., & Masuy-Stroobant, B. (1993). A comparison of
prenatal care use in the United States and Europe. American
Journal of Public Health, 83, 31-36.

3. Martin, J. A., Hamilton, B. E., Sutton, P. D., Ventura, S. J.,
Menacker F., Kirmeyer, S., et al. (2009). Births: final data for
2006. National vital statistics reports 2009 (Vol. 57). Accessed
January 21, 2010 at http://www.cdc.gov/nchs/data/nvsr/nvsr57/
nvsr57_07.pdf.

4. March of Dimes. (2010). Distribution of prenatal care adequacy
categories: US, 2002. Accessed January 07, 2011 at http://www.
marchofdimes.com/peristats/level 1 .aspx ?dv=ms&reg=99&top=5&stop=
33&lev=1&slev=1&obj=3.

5. Reichman, N. E., Corman, H., Noonan, K., & Dave, D. (2009).
Infant health production functions: What a difference the data
make. Health Economics, 18, 761-782.

6. Evans, W. N., & Lien, D. S. (2005). The benefits of prenatal care:
evidence from the PAT bus strike. Journal of Econometrics, 125,
207-239.

@ Springer


http://www.cdc.gov/nchs/data/nvsr/nvsr57/nvsr57_07.pdf
http://www.cdc.gov/nchs/data/nvsr/nvsr57/nvsr57_07.pdf
http://www.marchofdimes.com/peristats/level1.aspx?dv=ms&reg=99&top=5&stop=33&lev=1&slev=1&obj=3
http://www.marchofdimes.com/peristats/level1.aspx?dv=ms&reg=99&top=5&stop=33&lev=1&slev=1&obj=3
http://www.marchofdimes.com/peristats/level1.aspx?dv=ms&reg=99&top=5&stop=33&lev=1&slev=1&obj=3

198

Matern Child Health J (2013) 17:189-199

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Lu, M., Tache, V., Alexander, G., Kotelchuck, M., & Halfon, N.
(2003). Preventing low birth weight: Is prenatal care the answer?
Journal of Maternal and Fetal Neonatal Medicine, 13, 362-380.

. Wehby, G. L., Murray, J. C., Castilla, E. E., Lopez-Camelo, J. S.,

& Ohsfeldt, R. L. (2009). Prenatal care demand and its effect on
birth outcomes by birth defect status in Argentina. Economics
and Human Biology, 7, 84-95.

. Sparks, C. S. (2011). Parental investment and socioeconomic

status influences on children’s height in Honduras: An analysis of
national data. American Journal of Human Biology, 23, 80-88.
Shin, H. (2007). Child health in Peru: Importance of regional
variation and community effects on children’s height and weight.
Journal of Health and Social Behavior, 48, 418-433.

Barker, D. (1992). Fetal and infant origins of adult disease.
London: BMJ Publishing.

Litoniua, A. A., & Weiss, S. T. (2007). Is vitamin D deficiency to
blame for the asthma epidemic? Journal of Allergy and Clinical
Immunology, 120, 1031-1035.

Camargo, C. A., Ingham, T., Wickens, K., Thadhani, R., Silvers,
K. M., Epton, M. J., et al. (2011). Cord-blood 25-hydroxyvitamin
D levels and risk of respiratory infection, wheezing, and asthma.
Pediatrics, 127, e180—187.

US Department of Health and Human Services. (1989). Caring
for our future: the content of prenatal care. A report of the public
health service expert panel on the content of prenatal care.
Washington, DC: US Public Health Service, Department of
Health and Human Services.

Williams, L., Morrow, B., Shulman, H., Stephens, R., D’ Angelo,
D., & Fowler, C.I. (2006). PRAMS 2002 surveillance report.
Atlanta, GA: Division of Reproductive Health, National Center
for Chronic Disease Prevention and Health Promotion, Centers
for Disease Control and Prevention. Accessed January 23, 2010
at http://www.cdc.gov/prams/2002PRAMSSurvReport/PDF/2k2
PRAMS.pdf.

Bradford, W. D. (2003). Pregnancy and the demand for ciga-
rettes. American Economic Review, 93, 1752—-1763.

Colman, G., Grossman, M., & Joyce, T. (2003). The effect of
cigarette excise taxes on smoking before, during and after preg-
nancy. Journal of Health Economics, 22, 1053-1072.

Fang, W., Goldstein, A., Butzen, A., Hartsock, S., Hartmann, K.,
Helton, M., et al. (2004). Smoking cessation in pregnancy: A
review of postpartum relapse prevention strategies. Journal of the
American Board of Family Practice, 17, 264-275.

Kistin, N., Benton, D., Rao, S., & Sullivan, M. (1989). Breast-
feeding rates among black urban low-income women: Effect of
prenatal education. Pediatrics, 86, 741-746.

US Department of Health and Human Services. (2006). The
health consequences of involuntary exposure to tobacco smoke: A
report of the surgeon general. Atlanta, GA: US Department of
Health and Human Services, Centers for Disease Control and
Prevention, Coordinating Center for Health Promotion, National
Center for Chronic Disease Prevention and Health Promotion,
Office on Smoking and Health. Accessed January 23, 2010 at
http://www.surgeongeneral.gov/library/secondhandsmoke.
American Academy of Pediatrics. (2005). Policy statement:
Breastfeeding and the use of human milk. Pediatrics, 115,
496-506.

Conway, K. S., & Kutinova, A. (2006). Maternal health: does
prenatal care make a difference? Health Economics, 15, 461-488.
Lieferman, J. (2002). The effect of maternal depressive symp-
tomatology on maternal behaviors associated with child health.
Health Education and Behavior, 29, 596-607.

Hyatt, R. R., & Allen, S. M. (2005). Disability as a “family
affair”: Parental disability and childhood immunization. Medical
Care, 43, 600-606.

@ Springer

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Reichman, N. E., Corman, H., Noonan, K., & Schwartz-Soicher,
O. (2010). Effects of prenatal care on maternal postpartum
behaviors. Review of Economics of the Household, 8, 171-197.
Kogan, M., Alexander, G., Jack, B., & Allen, M. (1998). The
association between adequacy of prenatal care utilization
and subsequent pediatric care utilization in the United States.
Pediatrics, 102, 25-30.

Freed, G., Clark, S., Pathman, D., & Schectman, R. (1998).
Influences on the receipt of well-child visits in the first two years
of life. Pediatrics, 103, 864—-8609.

Reichman, N. E., Teitler, J. O., Garfinkel, 1., & McLanahan, S.
(2001). Fragile Families: Sample and design. Children and Youth
Services Review, 23, 303-326.

Lia-Hoagberg, B., Rode, P., Skovholt, C. J., Oberg, C. N., Berg,
C., Mullett, S., et al. (1990). Barriers and motivators to prenatal
care among low-income women. Social Science and Medicine,
30, 487-495.

Melnikow, J., & Alemagno, S. (1993). Adequacy of prenatal care
among inner-city women. The Journal of Family Practice, 37,
575-582.

Currie, J. (2009). Healthy, wealthy, and wise: socioeconomic
status, poor health in childhood, and human development. Jour-
nal of Economic Literature, 47, 87-122.

Eder, W., Ege, M. J., & von Mutius, E. (2006). The asthma
epidemic. New England Journal of Medicine, 355, 2226-2235.
US Environmental Protection Agency, Indoor Environments
Division, Office of Air and Radiation. (2009). Asthma facts. EPA
402-F-04-019. Accessed January 23, 2010 at http://www.epa.gov/
asthma/pdfs/asthma_fact_sheet_en.pdf.

Akinbami, L. J. (2006). The state of childhood asthma, United
States, 1980-2005. Advance Data from Vital and Health Statis-
tics 2006 (Vol. 381). Accessed January 23, 2010 at http://www.
cdc.gov/nchs/data/ad/ad381.pdf.

World Health Organization (WHO). (2010). Controlling the
global obesity epidemic. Accessed January 07, 2011 at http://
www.who.int/nutrition/topics/obesity/en/index.html.

Ogden, C. L., Carroll, M. D., Curtin, L. R., Lamb, M. M., &
Flegal, K. M. (2010). Prevalence of high body mass index in US
children and adolescents, 2007-2008. JAMA: the Journal of the
American Medical Association, 303(3), 242.

Daniels, S. R. (2006). The consequences of childhood overweight
and obesity. The Future of Children, 16, 47-67.

Whitaker, R. C., Wright, J. A., Pepe, M. S., Seidel, K. D., &
Dietz, W. H. (1997). Predicting obesity in young adulthood from
childhood and parental obesity. New England Journal of Medi-
cine, 337, 869-873.

Ogden, C. L., & Flegal, K. M. (2010) Changes in terminology for
childhood overweight and obesity. National health statistics
report 2010, no. 25. Accessed January 13, 2011 at http://www.
cdc.gov/nchs/data/nhsr/nhsr025.pdf.

Rees, D., Sabia, J., & Argys, L. (2009). A head above the rest:
Height and adolescent psychological well-being. Economics and
Human Biology, 7, 217-228.

Case, A., & Paxson, C. (2008). Stature and status: Height, ability,
and labor market outcomes. Journal of Political Economy, 116,
499-532.

Batty, G. D., Shipley, M. J., Gunnell, D., Huxley, R., Kivimaki,
M., Woodward, M., et al. (2009). Height, wealth, and health: an
overview with new data from three longitudinal studies. Eco-
nomics and Human Biology, 7, 137-152.

Case, A., & Paxson, C. (2010). Causes and consequences of early
life health. Demography, 47, S65-S85.

Centers for Disease Control. (2002) Infant mortality and low birth
weight among black and white infants—United States, 1980-2000.
Morbidity and Mortality Weekly Report 51(27), 589-592.


http://www.cdc.gov/prams/2002PRAMSSurvReport/PDF/2k2PRAMS.pdf
http://www.cdc.gov/prams/2002PRAMSSurvReport/PDF/2k2PRAMS.pdf
http://www.surgeongeneral.gov/library/secondhandsmoke
http://www.epa.gov/asthma/pdfs/asthma_fact_sheet_en.pdf
http://www.epa.gov/asthma/pdfs/asthma_fact_sheet_en.pdf
http://www.cdc.gov/nchs/data/ad/ad381.pdf
http://www.cdc.gov/nchs/data/ad/ad381.pdf
http://www.who.int/nutrition/topics/obesity/en/index.html
http://www.who.int/nutrition/topics/obesity/en/index.html
http://www.cdc.gov/nchs/data/nhsr/nhsr025.pdf
http://www.cdc.gov/nchs/data/nhsr/nhsr025.pdf

Matern Child Health J (2013) 17:189-199

199

45.

46.

47.

Accessed January 21,2011 at http://www.cdc.gov/mmwr/preview/
mmwrhtml/mm5127al.htm#tab]1.

Johnson, T. S., & Engstrum, J. L. (2002). State of the science in
measurement of infant size at birth. Newborn and Infant Nursing
Reviews, 2, 150-158.

Alexander, G., & Kotelchuck, M. (1996). Quantifying the ade-
quacy of prenatal care: A comparison of indices. Public Health
Reports, 111, 408—418.

McDade, T., & Hayward, M. (2009). Rationale and methodo-
logical options for assessing infectious disease and related

48.

49.

measures in social science surveys. Biodemography and Social
Biology, 55, 159-1717.

US Census (2010). Census 2000 population statistics. US popu-
lation living in urban vs. rural areas. Accessed January 07, 2011
at http://www.thwa.dot.gov/planning/census/cps2k.htm.

Teitler, J. O., Das, D. H., Kruse, L., & Reichman, N. E. (2012).
Prenatal care and subsequent birth intervals. Perspectives on
Sexual and Reproductive Health, 44, 13-21.

@ Springer


http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5127a1.htm#tab1
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5127a1.htm#tab1
http://www.fhwa.dot.gov/planning/census/cps2k.htm

	Effects of Prenatal Care on Child Health at Age 5
	Abstract
	Introduction
	Data
	Measures
	Prenatal Care
	Outcomes
	Overall Health Status
	Asthma Diagnosis
	Overweight or Obese
	Height

	Covariates

	Sample Characteristics
	Estimation Strategy
	Multivariate Results
	Specification Checks

	Conclusion
	Acknowledgments
	References


