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Methodological Note

Measurement Error in Prenatal Care Utilization:
Evidence of Attenuation Bias in the Estimation of
Impact on Birth Weight

John R. Penrod, PhD,1,3 and Paula M. Lantz, PhD2

Objective: Errors in the measurement of the timing and number of prenatal care visits may
produce downward bias in estimates of the impact of prenatal care use on birth outcomes.
This paper examines the extent of attenuation bias from measurement error in the estimation
of the effect of prenatal care use on birth weight. Methods: Data were analyzed from
the 1980 National Natality Survey, a nationally representative sample of live births with
information on prenatal care utilization from three sources: birth certificates, medical provider
surveys, and maternal surveys. The extent of attenuation bias in estimates of the impact of
different measures of prenatal care use on birth weight was examined by comparing estimates
robust to measurement error (including instrumental variables) with ordinary least squares
results. Results: There is considerable disagreement in measures of prenatal care across the
three data sources, with correlations in the utilization measures computed from different
sources around 0.5. The results also show evidence of attenuation bias from measurement
error in estimates of the impact of prenatal care on birth weight for both White and Black
mothers. Attenuation bias was least severe for information from the birth certificate report
of prenatal care. Conclusions: Because of measurement error, previous studies may have
underestimated the effect of prenatal care utilization on birth weight. Corrected estimates,
however, do not suggest that prenatal care is a major predictor of birth weight. In addition,
part of what previous analyses have interpreted as adverse selection bias may in fact be
attenuation bias due to measurement error.
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INTRODUCTION

Low birth weight (�2500 g) and its major ante-
cedent of prematurity (�37 completed weeks of ges-
tation) are serious public health problems in the
United States (1, 2). To date, the primary focus of
policies and interventions attempting to alleviate the
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problems of low birth weight and prematurity has
been on prenatal care (3). For example, during the
1980s, Congress enacted a series of Medicaid eligibil-
ity expansions to increase the early and continued use
of prenatal care among economically disadvantaged
women. In addition, many health advocates continue
to call for universal maternity care as a way to reduce
significantly the public health burden of low birth
weight and infant mortality (1, 4).

Despite the strong policy focus on prenatal care,
the research literature on the relationship between
prenatal care and birth weight remains inconclusive
(5–8). As with many medical interventions, ethical
considerations have prevented a randomized con-
trolled trial to establish the efficacy of standard pre-
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natal care. Therefore, analysts have had to rely on
patterns of birth weight, prenatal care use, sociode-
mographic characteristics, and the availability of
health care and health insurance in the population
to identify effects. While prenatal care utilization is
significantly related to birth weight in simple bivari-
ate analyses, it actually has not emerged as a strong
predictor of birth weight in the majority of published
multivariate analyses (5, 9–11). Furthermore, the re-
sults of exercises estimating the maximum effect of
adequate prenatal care utilization suggest that prena-
tal care is not a panacea for improving infant health
at the population level or for reducing racial dispari-
ties in birth outcomes (12–14).

Serious methodological problems continue to
impede research on the impact of prenatal care utili-
zation on birth weight and other birth outcomes (15,
16). One such issue that has been the subject of con-
siderable discussion in the literature is selection bias:
differences in the ways in which women seek and
receive prenatal care may be related to unmeasurable
and/or unobserved risks for poor birth outcomes,
biasing estimates of the impact of prenatal care (8,
17). Researchers generally have found evidence for
‘‘adverse selection’’—that is, women at higher risk
for poor birth outcomes tend to receive prenatal care
earlier and more frequently, resulting in an underesti-
mation of the effect of prenatal care.

A second methodological issue, which is the fo-
cus of this paper, is error in the measurement of
prenatal care utilization and resulting bias in esti-
mates of birth weight. Although a variety of data
sources are used in studies of birth weight predictors,
one frequently used source is birth registration data.
The reliability and validity of many of the data items
on the U.S. Standard Certificate of Live Birth have
been studied and shown to be of relatively high qual-
ity. However, the quality of birth certificate informa-
tion on prenatal care utilization is likely to have some
measurement error (18–20). It is possible that birth
certificate data do not accurately reflect the actual
amount and timing of prenatal care received, with
perhaps the greatest discrepancies for those groups
at risk for low birth weight. Thus, errors in the mea-
surement of women’s prenatal care utilization may
lead to bias in estimates of the impact of prenatal
care on birth outcomes. Since the most likely effect
of any bias here is an attenuation effect, the result
could be an underestimation of the impact of prenatal
care on birth weight.

Previous studies suggest that there are indeed
inaccuracies in reports of prenatal care timing and

adequacy across a variety of data sources, including
birth certificate data (21–23). Also, Kogan et al. (24)
suggest that different approaches to the measurement
of prenatal care produce different results regarding
utilization rates, thus making it difficult to interpret
previous trend analyses. The subject of measurement
attenuation bias in estimates of prenatal care efficacy,
however, has received limited empirical attention in
the research literature to date.

The goal of our research was to investigate the
existence and consequences of errors in the measure-
ment of prenatal care utilization using a nationally
representative dataset that includes information from
birth certificates, medical care provider records, and
a maternal questionnaire. Our study aims included
the following: (1) to determine the level of agreement
among three important sources of information on
prenatal care use (birth certificate data, medical pro-
vider reports, and maternal self-reports) using a na-
tionally representative sample; (2) to identify socio-
demographic characteristics related to discrepancies
across the three data sources; and (3) to determine
whether error in the measurement of prenatal care use
has a biasing effect on estimates of the association be-
tween prenatal care use and birth weight. We accom-
plish this by comparing estimates from analyses that
correct for measurement error with estimates from
analyses that do not correct for measurement error.

The role of prenatal care in public health policies
aimed at reducing negative birth outcomes will re-
main unclear in the absence of improvements in its
measurement (25). While the results of several stud-
ies suggest that standard prenatal care is not a major
determinant of birth outcomes such as birth weight
and gestational age, difficulties in the measurement
of prenatal care mean that prior studies may have
underestimated its potential. The research and results
described here offer guidance for interpreting past
research and for conducting future research on the
relationship between prenatal care and birth out-
comes such as low birth weight. Such work is critical
to understanding the relationship between prenatal
care use and birth outcomes, and for advancing public
health policy aimed at improving maternal and in-
fant health.

METHODS

Data

This study used data from the 1980 National
Natality Survey (NNS), a follow-back survey de-
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signed to provide detailed information on the preg-
nancies, labors, and deliveries of a nationally repre-
sentative sample of live births. A probability sample
of 9941 live births was selected for this survey, with
low-birth-weight infants being oversampled (26). The
information in the NNS came from several sources,
including birth certificates, medical records informa-
tion (from questionnaires mailed to hospitals, atten-
dants at delivery, prenatal care providers, and provid-
ers of radiation examinations and treatments), and
questionnaires mailed to mothers who were married
at the time of delivery, providing three independent
sources of information about the same basic elements
of prenatal care utilization. The 1980 NNS remains
a unique and important resource because of its scope
and its three separate data sources.

Information on several aspects of prenatal care
utilization are available in the birth certificate, medi-
cal record, and maternal questionnaire segments of
the NNS, including the month of pregnancy in which
prenatal care began (which is viewed as the ‘‘delay’’
between conception and the initiation of care) and
the total number of prenatal care visits (truncated at
30 visits in the medical records portion). These two
frequently used measures of prenatal care utilization,
along with data on gestational age at delivery, also
provide the basis from which two well-known catego-
rizations of prenatal care adequacy are constructed.
The Kessner Index categorizes prenatal care use as
being either ‘‘inadequate,’’ ‘‘intermediate,’’ or ‘‘ade-
quate’’ (15, 27, 28). The Adequacy of Prenatal Care
Utilization (APNCU) Index categorizes the care re-
ceived as being ‘‘inadequate,’’ ‘‘intermediate,’’ ‘‘ade-
quate,’’ or ‘‘adequate plus’’ (29, 30). Women receive
‘‘adequate-plus’’ care primarily because of pregnancy
complications and poor maternal health status, situa-
tions which place these women at high risk for a
negative reproductive outcome.

There is little published work describing infor-
mation consistency across the NNS data sources. Fin-
gerhut and Kleinman (23) compared NNS data on
the trimester of prenatal care utilization from birth
certificates to information from the mother’s ques-
tionnaire (they omitted comparisons to the medical
record data), showing significant discrepancies. They
found that mothers tended to report that care began
earlier than was indicated by the birth certificate.
However, their study was limited to a comparison
of the data on trimester of initiation; they did not
compare data on items such as exact month of care
initiation or total number of visits, items which form
the basis of prenatal care utilization indices.

Forrest and Singh (22) compared individual-
level NNS data from birth certificates to data from
the medical records regarding timing of prenatal care
initiation, finding agreement in the month that prena-
tal care began in only 35% of cases. In 56% of cases,
the medical record information suggested that care
began later than indicated on the birth certificate. In
addition, they found that the rate of discrepancy in
the reports of the month of care initiation varied with
sociodemographic characteristics, although they also
found that even the ‘‘best’’ subgroups had high pro-
portions with discrepant information. They conclude
that ‘‘the differences among data sources are more
fundamental and important than any differences in
the quality of reporting among socioeconomic sub-
groups’’ (22).

None of these three data sources can be re-
garded as a ‘‘gold standard.’’ However, as is shown
below, we are able to learn a good deal more from
multiple noisy measures of the same variable than
if we just had one noisy measure. The advantage of
the method we employ—instrumental variables—is
that none of the measures need be the gold standard
in order to produce a consistent estimate of the
association between prenatal care utilization and
birth weight.

Study Design and Methodology

Aim 1: Analysis of Utilization Discrepancies

Since the maternal questionnaire was not sent
to unmarried women in the NNS probability sample
(approximately one of five cases), comparisons be-
tween birth certificate and medical record reports can
be made for the whole sample, but comparisons using
maternal self-report data can be made only with the
sample of married women. Therefore, we constructed
two separate samples for analysis. Sample 1 included
all live births for which there was a response to the
hospital/provider survey that included medical rec-
ords information on prenatal care utilization, omit-
ting cases for which prenatal care information in the
birth certificate file was missing or imputed from
other NNS sources. The resulting sample included
8214 live births (82.8% of the entire sample). Sample
2 included married women from Sample 1 who re-
sponded to the maternal questionnaire and had non-
imputed data on prenatal care utilization in the ma-
ternal questionnaire (over 40% of women who
responded to the maternal questionnaire had im-
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puted prenatal care utilization data). Sample 2 in-
cluded 3924 live births (39.5% of the overall sample).

Our descriptive work built on prior analyses of
NNS data on prenatal care utilization in two ways.
First, we extended the description of data source
discrepancies regarding prenatal care use to items
beyond the month of care initiation. In our study, we
examined four measures of prenatal care utilization,
including the month of care initiation or delay in care
initiation (coded as months 1–10, with 10 being no
prenatal care), the total number of visits made (rang-
ing from 0 to 30 or more), the Kessner Index score
(1 � inadequate, 2 � intermediate, 3 � adequate),
and the APNCU Index score (1 � inadequate, 2 �
intermediate, 3 � adequate, and 4 � adequate plus).

Aim 2: Identifying Characteristics Associated
with Discrepancies

We also investigated sociodemographic charac-
teristics related to discrepancies across NNS data
sources. While prior work was limited to identifying
characteristics related to discrepancies in timing of
care initiation, we identified characteristics related
to discrepancies regarding other components of pre-
natal care utilization as well. We first calculated the
degree and direction of differences between data
sources for the four components of prenatal care
utilization under study and ran OLS regressions to
identify sociodemographic characteristics associated
with increased levels of misclassification across
sources for each of the four measures of care. The
index of discrepancy (or dependent variable) we em-
ployed was the squared difference in the measure of
prenatal care across the two sources.

Independent variables taken from the birth cer-
tificate file included age of mother, race of mother,
education of mother and education of father (mea-
sured as years of school completed), marital status of
mother, residence in a metropolitan county, plurality
(multiple birth versus not), parity (or total birth or-
der), and previous termination (the previous preg-
nancy ended in termination). Measures of the out-
come of the pregnancy were also included as
independent variables, under the hypothesis that a
negative outcome may induce a bias in one or more
of the reports of prenatal use, perhaps impacting the
rate of matching across data sources. It is possible,
for example, that mothers who delay care and have
poor birth outcomes systematically understate the
extent of the delay. Outcome variables studied as

determinants of the discrepancy include gestational
age (measured in weeks), birth weight (measured in
grams), and congenital malformations (malformation
present versus none).

Aim 3: Assessing Attenuation Bias

To achieve the third aim of this study, we de-
scribed the effect of measurement error in two types
of models. In the first type, prenatal care utilization
was described as a continuous variable (i.e., number
of visits, delay in treatment) and in the second type,
prenatal care adequacy was described by a categorical
index set (i.e., Kessner Index and APNCU Index).
In the former case, the extent of attenuation bias was
evaluated by comparing OLS estimates to two-stage
least squares (TSLS) estimates, which use the redun-
dant data on prenatal care utilization to correct for
measurement error. In the latter case, OLS estimates
with prenatal care variables constructed from one
data source were compared to results estimated from
variables using data from multiple sources.

To illustrate the methodology underlying this
component of our study, suppose a quantity of inter-
est Z is not observed, but that we have two measures,
Z1 and Z2 , that both measure Z with some error.
Employing ideas similar to Ashenfelter and Krueger
(31), we describe below how measurement error
leads to attenuation bias in OLS regressions and how
instrumental variable estimates can be used to obtain
corrected estimates. A more detailed mathematical
appendix deriving these results is available from
the authors.

Assume for now that the measurement error is
classical: that is, the measures are unbiased; the errors
are uncorrelated with the truth (Z) or with each
other; and the errors have equal variance. More gen-
erally, however, one measure may be noisier than
another or the two measures may be correlated. Sup-
pose that one is interested in estimating a linear re-
gression model in which Z is hypothesized to affect
outcome BW:

BW � � � Z� � u

It is well known that if one of the noisy measures of
Z is used in the estimation of such an equation, then
�OLS , the OLS estimator of the slope coefficient �, is
biased toward zero. For example, if Z1 is used in
estimation, the probability limit of the OLS estimator
is biased downward according to a ratio that is some-
times referred to as an attenuation coefficient or as
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the ‘‘signal to total variance’’ ratio for the measure
Z1 . For the case of classical measurement error in the
two measures, it is easily shown that this attenuation
factor is equal to the correlation coefficient of the
two measures. For example, if the correlation coeffi-
cient of the two measures is 0.5, other things equal,
this suggests that the true effect of prenatal care on
birth weight outcomes may be attenuated by a factor
of 50% when this effect is estimated using a single
noisy measure.

It is possible to obtain a consistent estimate of
the coefficient � by the method of instrumental vari-
ables. Instrumental variables (IV) is a method fre-
quently used in many econometric applications, in-
cluding measurement error (31). When two alter-
native measures of a quantity are available, IV uses
information from the covariance between the two
measures to construct an unbiased estimate of the
coefficient of interest. The extent of attenuation bias
can then be determined by comparing the IV esti-
mates of � to the estimates from OLS regressions
that use noisy measures of Z.

The analysis in the multiple regression context
is similar to the bivariate case; here we are simply
regression-adjusting the birth weight variable. We
estimated regressions of the following type:

BWi � � � Zi� � Hi� � Xi� � �i

where BWi is the birth weight of infant i, Zi is a
measure of prenatal care utilization, Hi is a set of
health and fertility variables shown to be associated
with birth weight, and Xi is a set of demographic
variables of the mother and father related to birth
weight. In our model, Hi included the following vari-
ables: mother’s age and its square, birth order, plural-
ity, and whether there was a previous terminated
pregnancy. Xi included dummy variables for levels
of mother’s and father’s education and an indicator
for metropolitan residence. Since Joyce (32) and oth-
ers have shown that birth weight functions for Blacks
and Whites are statistically different, we estimated
separate models for Blacks and Whites. Small num-
bers precluded us from doing any further subgroup
analysis by race or ethnicity.

In the multiple regression case, we employed the
method referred to as two-stage least squares (TSLS).
In the first stage of the estimation, one measure of
prenatal care utilization was regressed on the full set
of variables in the birth weight equation plus the
alternative measure of prenatal care utilization. In
the second stage, birth weight was regressed on the
predicted value of prenatal care utilization from the

first stage along with the other variables of interest.
The standard errors were adjusted accordingly, since
the prenatal care utilization variable in the second
stage was based on a predicted rather than observed
value. The two-stage procedure is implemented as
an automated routine in many statistical packages.
As in the bivariate case, in multiple regression the
extent of bias in the OLS estimate of � was estab-
lished by comparing estimates from OLS and
TSLS estimation.

Up to this point we have discussed the case of
classical measurement error. An important assump-
tion of the model and a condition for the IV estimates
to be consistent is that the instrument must be uncor-
related with the error term in the birth weight equa-
tion. However, suppose that in the retrospective ma-
ternal reports, mothers with lower birth weight
infants tend to overstate their utilization of prenatal
care while mothers with better outcomes understate
prenatal care utilization, but that the measurement
error in the birth certificate report remains classical.
In this case, the estimate where the maternal report
was instrumented with the birth certificate report will
remain consistent, correcting for both the attenuation
bias due to the random component of the error as well
as the bias introduced by the systematic component.
However, the estimate where the birth certificate re-
port was instrumented with the maternal self report
is not consistent. We will turn to this possibility in
the empirical work.

Correction of Measurement Error in
Categorical Variables

Measurement error in the underlying data on
timing and number of prenatal care visits will result in
some misclassifications of the Kessner and APNCU
indices. However, instrumenting a set of dummy vari-
ables measured with error with another set of dummy
variables, also measured with error, does not yield a
consistent estimate of the effect of prenatal care,
since the measurement error in both sets of dummies
departs from classical assumptions. Therefore, we im-
plemented a strategy following Card (33), whose
work suggests that persons who are classified the
same way in two or more data sources are more
likely to actually be in that category than those whose
classification varies across sources. Thus, estimates
for variables based on categorization matches across
data sources will have less attenuation bias. We im-
plemented this idea by constructing a set of dummy
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variables based on comparisons of each person’s
scores on both the Kessner and the APNCU indices
from the birth certificate and medical record. For
example, we assigned the variable K32 equal to one
if the Kessner index category on the birth certificate
was adequate (coded as 3) while the Kessner classifi-
cation in the medical record was intermediate (coded
as 2). We estimated multivariate models predicting
birth weight with these sets of dummy variables, omit-
ting the category K11 (inadequate care on both re-
ports). Evidence of attenuation bias occurs if the
effect of prenatal care use on birth weight is stronger
for cases where the utilization index category matches
across data sources than for cases where it does not.

RESULTS

Descriptive statistics on prenatal care utilization
measures and other key variables from the NNS data
sources are shown by race in Table I, separately for
Sample 1 (all women with nonimputed prenatal care
information on the birth certificate and medical rec-
ords segments) and Sample 2 (those married women
with nonimputed information on all three segments).
Birth weight and gestational age were fairly consis-
tent across the two NNS data sources for both Whites
and Blacks, as shown by the similarity in the mean
values and the high correlation coefficients. Informa-

Table I. Descriptive Statistics from the 1980 National Natality Survey

A. Means and correlations of prenatal care utilization measures across data sources by race for Sample 1
Whites Blacks

Variable BC MR r BC MR r

Birth weight (g) 3210.3 3214.9 .99* 2776.1 2782.9 .98*
Gestational age (weeks) 39.0 38.8 .80* 37.6 37.5 .84*
Month prenatal care began 2.79 3.58 .60* 3.35 4.38 .55*
Number of prenatal visits 10.6 10.1 .45* 8.8 8.11 .47*
Kessner Index 2.62 2.41 .47* 2.33 2.05 .46*
APNCU Index 2.73 2.59 .42* 2.49 2.17 .43*
Sample size n � 6,724 n � 1,249

B. Mean values comparing prenatal care utilization measures across data sources by race for Sample 2
Variable BC MR MQ BC MR MQ

Birth weight (g) 3265.7 3267.6 na 2868.2 2872.35 na
Gestational age (weeks) 39.1 39.0 na 37.6 37.6 na
Month prenatal care began 2.52 3.22 2.22 2.83 3.81 2.65
Number of prenatal visits 11.0 10.7 12.2 9.4 8.7 11.1
Kessner Index 2.72 2.54 2.82 2.50 2.18 2.57
APNCU Index 2.85 2.77 3.07 2.65 2.48 2.95
Sample size n � 3,623 n � 196

Note: BC � birth certificate; MR � medical record; MQ � medical questionnaire.
*p � .01.

tion on prenatal care utilization, however, was less
consistent, with correlations ranging from .42 to .60.
In Sample 1, the mean timing of care initiation was
approximately a full month earlier in the birth cer-
tificate file than in the medical records file for both
races, and the mean number of prenatal care visits
was slightly higher in the birth certificate data than
the medical records data. Given the discrepancies in
important components of prenatal care use, it is not
surprising that the correlations between the two data
sources in regard to the Kessner Index and APNCU
Index—which are based on these components—were
also low for both White and Black mothers. Also
note that, according to data from both the birth cer-
tificate and medical records, the average birth weight,
gestational age, and use of prenatal care was lower for
Black mothers than White mothers. Similar patterns
were observed by race in Sample 2.

Table II presents additional results comparing
prenatal care utilization components across NNS data
sources for Sample 1, providing an indication of the
magnitude and direction of the discrepancies. For
month of care initiation, only 36.2% of Whites and
27.5% of Blacks had matching information, with the
majority of the discrepancy stemming from birth cer-
tificate reports of earlier care initiation. For the total
number of prenatal care visits, 43.7% of Whites and
41.6% of Blacks either matched across data sources
or were within two visits of matching. For White
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Table II. Distribution of Matching of Prenatal Care Utilization Measures Across Data
Sources in the National Natality Survey by Race (Sample 1)

White, % Black, %
Prenatal care utilization measure (N � 6,724) (N � 1,249)

Birth certificate reports month of care initiation
2 or more months earlier than medical record 20.5 31.6
1 month earlier than medical record 34.4 29.4
Same as medical record 36.2 27.5
1 month later than medical record 6.3 7.3
2 or more months later than medical record 2.6 4.2
Total 100 100

Birth certificate reports number of visits
3 or more visits greater than medical record 24.9 23.1
Same as medical record within 2 visits 43.7 41.6
3 or more visits less than medical record 31.5 35.3
Total 100 100

Birth certificate Kessner Index
Same as medical record 64.4 55.9
1 category different than medical record 31.2 37.2
2 categories different than medical record 4.4 6.9
Total 100 100

Birth certificate APNCU Index
Same as medical record 46.4 46.2
1 category different than medical record 36.2 29.0
2 categories different than medical record 13.2 16.8
3 categories different than medical record 4.2 8.0
Total 100 100

women, the birth certificate reported three or more
visits than the medical record in 31.5% of the cases
and underreported by three or more visits in 24.9%
of the cases. The pattern was similar for Black
women. With regard to the prenatal care utilization
indices, 64.4% of Whites and 55.9% of Blacks had
matching Kessner Index scores, while 46.4% of
Whites and 55.9% of Blacks had matching APNCU
index scores.

We repeated the above comparison for Sample
2 (results not shown), and again found that there is
a great deal of disagreement across the NNS data
sources for both White and Black births, with the
degree of matching lower for Black cases in the ma-
jority of the comparisons. The lowest degree of
matching was between the medical record and the
maternal questionnaire for all four prenatal care vari-
ables. For example, in terms of the month of care
initiation, 43.9% of birth certificate reports for White
women and 32.1% of reports for Black women corre-
sponded with the maternal self-reports. In terms of
the Kessner Index, 77.0% of the birth certificate and
maternal reports matched for White women and
56.6% matched for Black women.

Ordinary least squares regression analysis (using
Sample 1) was conducted to see if any characteristics
of the mother or the birth outcome were associated
with a higher degree of discrepancy between the med-
ical record and birth certificate reports of prenatal
care use (as measured by the squared difference be-
tween the medical record and birth certificate reports
of prenatal care measures). Several maternal charac-
teristics, including younger age, being Black, and
metropolitan county of residence, were significantly
associated with discrepancies for all measures of pre-
natal care utilization (Table III). Many of the charac-
teristics associated with data source discrepancies in
prenatal care use variables are also known risk factors
for low birth weight. These results suggest that those
women at higher risk for low birth weight were also
more likely to have a lack of agreement regarding
prenatal care measures across the data sources under
study, meaning that there might be some systematic
as well as random error in the measurement of prena-
tal care. However, because of its administrative na-
ture, we assume that the birth certificate report of
prenatal care is the least likely of the three reports
to have any systematic error in its reporting (i.e., the
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Table III. Coefficients from OLS Regressions Predicting Squared Difference Between Medical
Record and Birth Certificate Sources of Prenatal Care Information (Sample 1, n � 8,214)

Month of Number Kessner APNCU
Independent variables initiation of visits Index Index

Intercept 1.1 23.4** 0.65** 4.32**
Maternal age �0.07** 0.07 �0.009* �0.018*
Maternal race Black 1.04** 1.65 0.10** 0.25**
Maternal race other 0.65 �0.79 0.08 �0.07
Maternal education �0.10* �0.40 �0.02* �0.01
Father’s education �0.02 �0.22 �0.001 �0.027
Married �1.28** �0.64 �0.06* �0.20*
Metropolitan county 0.46** 4.95** 0.08** 0.15*
Multiple birth 0.18 0.90 �0.03 0.06
Parity 0.25** 0.26 0.03* 0.04
Previous termination �0.19 1.93 �0.07* �0.14
Birth weight �0.0006** �0.0001 �0.00003* �0.00003
Gestational age 0.24** �0.02 0.01** �0.067**
Congenital malformation 0.38 �1.21 0.04 0.09

*p � .05; **p � .01.

degree of error in prenatal care measurement is not
significantly correlated with birth weight or other
variables). If there is no systematic bias in prenatal
care measurement on the birth certificate, using this
report as an instrument in TSLS analyses would yield
consistent estimates of the impact of prenatal care
on birth weight, and it is these estimates that we
discuss in the section below.

Birth Weight Estimation

In Table IV, we present birth weight estimates,
using the number of visits as the measure of prenatal

Table IV. Grams of Birth Weight Associated with Number of Prenatal Care Visits by Race

OLS OLS TSLS
Sample 1 BC MR MR-BC

Birth weight per visit (g)
Whites 15.1** 14.3** 38.1**,�

Blacks 15.6* 5.65 38.5**,�

OLS OLS OLS TSLS TSLS
Sample 2 BC MR MQ MR-BC MQ-BC

Birth weight per visit (g)
Whites 14.9** 16.7** 8.57** 38.5**,� 45.0**,�

Blacks 16.9* 6.38 �8.88 41.9 56.5

Note: The label BC refers to the birth certificate report of prenatal care visits, while MR and
MQ refer to the medical record and mothers’ questionnaire reports, respectively. In the TSLS
estimation, the heading MR-BC refers to the MR report instrumented with the BC report.
The regression analysis also included gestational age, three indicators for mother’s level of
education, three indicators for father’s education, mother’s age and its square, total birth order,
an indicator for a previous termination, and metropolitan residence.
*p � .05; **p � .01; �p � .05 for Durbin–Wu–Hausman test, comparing TSLS result from
OLS result from birth certificate.

care utilization and controlling for gestational age
(in weeks) at delivery, maternal education, paternal
education, maternal age and its square, total birth
order, previous pregnancy termination, and metro-
politan residence. For White women in Sample 1,
OLS estimates from both birth certificate (BC) and
medical record (MR) data indicated that an addi-
tional prenatal care visit yielded an additional 14–15
g of birth weight (or about 1/2 ounce). In the final
column we present TSLS results where the birth cer-
tificate report served as an instrument for the medical
record report. We can see that the TSLS estimate is
more than double those of the OLS specification,
with an increase in birth weight of 38 g per visit. The
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Durbin–Wu–Hausman test indicated a significant
difference between the OLS and TSLS estimate (27).

The patterns in the results for the sample of
Black mothers (Table IV) were similar to those for
White mothers. The results for both White and Black
women from Sample 1 suggested that estimates of
the effect of the number of visits on birth weight
corrected for measurement error were significantly
greater than those from OLS models. A prenatal
care visit appeared to have the effect of 38 g (or 1.3
ounces) of birth weight for both White and Black
mothers. Although statistically significant, the clinical
significance of this level of increase in birth weight
is not clear. For example, increasing the number of
prenatal care visits by three would lead to only 3.9
additional ounces of birth weight.

For Sample 2, three sources of prenatal care data
made more TSLS estimates possible. As shown in
Table IV, the effect of prenatal care visits from the
birth certificate and the medical record were similar
to those found in Sample 1. The results also provided
evidence of attenuation bias in the measure of prena-
tal care visits, since the TSLS estimates of the impact
of an additional prenatal care visit were significantly
greater than their OLS counterparts for White
mothers.

When using month of care initiation (or delay)
as the measure of prenatal care utilization, we found
that—for White mothers using OLS analysis—the
birth certificate estimate was significantly related to
birth weight, while the medical record estimate was
not (Table V, Sample 1). The TSLS estimate for
White women indicated a statistically significant
17.2-g reduction in birth weight for each month of
delay, which was statistically different from the 10.2-g
reduction estimated in OLS analysis using birth cer-
tificate data. The results from Sample 2 for White
women were similar.

The results regarding delay in care initiation for
Black women (Table V) also showed that the birth
certificate report was significantly associated with
birth weight, while the medical record was not. The
TSLS results for Sample 1 Black women suggested
that the TSLS estimate (�36.8 g) for each month of
care delay was significantly different from its OLS
equivalent (�19.9 g). In addition, the estimated bene-
fit of 1-month reduction in delay was larger for Black
mothers than for White mothers (36.8 g versus 17.2 g).
Small numbers preclude precise estimates for Black
mothers from Sample 2.

After investigating the delay and number of vis-
its measures separately, we investigated the fre-

quently used categorizations of prenatal care ade-
quacy—the Kessner Index and the APNCU Index.
Results for the Kessner Index suggested that it was
more strongly associated with birth weight using data
from birth certificates than data from medical records
(Table VI). Relative to receiving inadequate care,
OLS results for both White mothers (column 2) and
Black mothers (column 5) indicated a statistically
significant effect of both intermediate and adequate
prenatal care utilization on birth weight using birth
certificate data. The effects of both intermediate and
adequate care were greater for Black women.

The results for the Kessner Index (Table VI)
suggested that there was not much attenuation in
OLS estimates of the impact of intermediate care on
birth weight for White women (column 4) or Black
women (column 7) when based on the birth certificate
data, while the OLS estimates based on medical re-
cord data were severely attenuated. For example, for
White women, the OLS estimate for the effect of
intermediate care (relative to inadequate care) was
48.5 g using data from the birth certificate, 9.55 g
using data from the medical record, and 45.4 g in the
analysis for mothers whose Kessner Index score was
the same in both the birth certificate and medical
record files. However, both OLS estimates of the
impact of adequate care on birth weight using data
from the birth certificate (117 g) or medical records
(68.2 g) were significantly lower than the estimate
produced for those White women who had
agreement between the birth certificate and medical
records files on their Kessner Index score (140 g).
These findings suggested that estimates of the effect
of adequate care on birth weight unadjusted for mea-
surement error could be underestimating the effect
by at least 23 g (or less than 1 ounce). The Kessner
Index results for Black women show a striking differ-
ence in estimates based on the birth certificate and
medical record, with the intermediate and adequate
care variables based the birth certificate showing a
much stronger association with birth weight. Given
the weak results from the medical record data, it is not
surprising that the estimates based on the matching
scores show little improvement over those based on
the birth certificate data alone. In fact, the estimated
impact of adequate prenatal care utilization on birth
weight for Black women with matching Kessner
scores across the two data sources (140 g) actually was
less than the estimate produced from birth certificate
data (188 g). The Sample 2 estimates for White
women (results not shown), based on cases in which
the Kessner Index score was the same across all three
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Table V. Grams of Birth Weight Associated with Each Month of Delay in Prenatal Care
Initiation by Race

OLS OLS TSLS
Sample 1 BC MR MR-BC

Grams of birth weight per month of delay
Whites �10.2* �0.295 �17.2*,�

Blacks �19.9* 6.60 �36.8*,�

OLS OLS OLS TSLS TSLS
Sample 2 BC MR MQ MR-BC MQ-BC

Grams of birth weight per month of delay
Whites �9.38 �3.02 �6.79 �16.7 �28.7
Blacks 13.3 4.24 6.77 24.6 57.5

Note: The label BC refers to the birth certificate report of prenatal care visits, while MR and MQ refer to
the medical record and mothers’ questionnaire reports, respectively. In the TSLS estimation, the heading
MR-BC refers to the MR report instrumented with the BC report. The regression analysis also included
gestational age, three indicators for mother’s level of education, three indicators for father’s education,
mother’s age and its square, total birth order, an indicator for a previous termination, and metropolitan resi-
dence.
*p � .05; **p � .01; �p � .05 for Durbin–Wu–Hausman test, comparing TSLS result from OLS result from
birth certificate.

data sources, indicated that moving from inadequate
care to intermediate care yields an increase of 151 g
(or 5.3 ounces) of birth weight, and moving from
inadequate to adequate care yields an increase of
243 g (or 8.5 ounces) in birth weight. These estimates
were 35% higher for adequate care and 37% higher
for intermediate care than results not adjusted for
measurement error.

The results from analyses using the APNCU In-
dex as the measure of prenatal care (not shown) are
similar to those from the Kessner Index, including
the finding that the birth certificate report was the

Table VI. Grams of Birth Weight Associated with Degree of Matching of Kessner Index Categories Between
Birth Certificate and Medical Records by Race

Whites Blacks

Kessner Index BC MR BC-MR BC MR BC-MR

Inadequate — — — — — —
Intermediate 48.5 9.55 — 161** 31.0 —
Adequate 117** 68.2** — 188** �14.8 —
Birth certificate category/Medical records category:

Inadequate/inadequate — — — — — —
Inadequate/intermediate — — �18.7 — — 26.0
Inadequate/adequate — — 77.0 — — �104.0
Intermediate/inadequate — — 54.5 — — 168.0
Intermediate/intermediate — — 45.4 — — 161.0**
Intermediate/adequate — — 84.1* — — 118.0
Adequate/inadequate — — 122.0* — — 294.0**
Adequate/intermediate — — 95.8** — — 195.0**
Adequate/adequate — — 140.0** — — 140.0*

Note: BC, birth certificate; MR, medical record.
*p � .05; **p � .01.

most strongly related to birth weight of the three
sources. In addition, there was some evidence of mea-
surement error attenuation bias in the APNCU In-
dex; that is, the estimated beneficial effects of prena-
tal care were largest in those cases where the APNCU
classification matched across the data sources. For
example, for White women, the effect of adequate
care on birth weight was estimated to be 74.4 g for
those who APNCU scores are the same in the birth
certificate and medical record files, compared with
55.2 g from the birth certificate data alone and 19.7
g from the medical record data alone. For Black
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women, the effects of adequate care on birth weight
were estimated to be 210 g for those whose APNCU
scores are the same in the birth certificate and medi-
cal record files, compared with 156 g from the birth
certificate data alone and 85.6 g from the medical
record data alone.

An obvious difference between the results for
the two prenatal care use indices is the presence of
the additional category of ‘‘adequate plus’’ on the
APNCU index, which has a negative association with
birth weight. This group is comprised of women who
initiated care early with more than the recommended
number of visits for a pregnancy of their gestation.
Thus, the negative effect of adequate-plus care was
likely the result of the pregnancy complications and/
or maternal medical conditions that caused these
mothers to receive additional care. For both White
and Black women, the negative impact of adequate-
plus care on birth weight is greater among women
with matching scores across data files than it is using
just birth certificate or medical records data. For ex-
ample, adequate-plus care resulted in a 143-g de-
crease in birth weight for White women (Sample 1)
with matching APNCU scores compared with a 119-g
decrease using birth certificate data and a 47.8-g de-
crease using medical records data.

Overall, the results of our numerous analyses
suggested that prenatal care utilization was measured
with a great deal of error in the NNS, and that, as a
result, estimates of the effect of prenatal care on birth
weight were downwardly biased or attenuated. The
degree of attenuation bias varied across measures
of prenatal care utilization, and the results varied
somewhat for White versus Black mothers. In many
cases, correcting for attenuation bias significantly in-
creased the estimated effect of the prenatal care mea-
sure on birth weight. However, even our estimates
that correct for attenuation bias, which were often
double those from OLS, were not of a magnitude
that clearly suggested that prenatal care had a major
impact on birth weight. For example, our results ad-
justed for measurement error suggested that each
month of delay in the initiation of prenatal care con-
tributed to a 17.2-g decrease in birth weight for
Whites and a 36.8-g decrease in birth weight for
Blacks. This means that if care was delayed a total
of 4 months, this would lead on average to a 68.8-g
(2.4-ounce) reduction in birth weight for White in-
fants and a 147-g (5.2-ounce) reduction in birth
weight for Black infants. Similarly, our adjusted re-
sults suggested that moving from inadequate to ade-
quate care on the APNCU Index was associated with

a 74.4-g (2.6-ounce) increase in birth weight for White
infants and a 210-g (7.3-ounce) increase for Black
infants. Whether or not gains of this magnitude are
clinically significant remains unclear.

DISCUSSION

In summary, the results presented in this paper
indicate that prenatal care utilization is hard to mea-
sure. First, we found a considerable degree of dis-
agreement across three important sources of informa-
tion on prenatal care utilization. Second, we found
that the discrepancies in the reports were related to
some of the characteristics of the mother—Black
race, metropolitan county residence, being unmar-
ried—that also are related to low birth weight. Third,
in OLS birth weight equations, we found—for virtu-
ally every measure of prenatal care utilization—that
the birth certificate report of prenatal care use was
a stronger predictor of birth weight than either the
medical record or maternal questionnaire. These
findings are consistent with the interpretation that
attenuation bias, and hence error in prenatal care
measurement, is least severe for information from
the birth certificate report (in the case of the NNS
data). Finally, we found evidence of attenuation bias
from measurement error in estimates of the impact
of prenatal care use on birth weight for both White
and Black mothers. These results suggest that esti-
mates of the efficacy of prenatal care utilization that
are not corrected for measurement error will be bi-
ased downward (i.e., they will underestimate the ben-
eficial impact of prenatal care). As mentioned above,
however, the clinical significance of this underestima-
tion (which is generally in the magnitude of a few
ounces) is not clear.

Our results also suggest that, contrary to what
is reported in several previous studies, much of the
difference between TSLS and OLS estimates of the
effect of prenatal care may be the result of attenua-
tion bias in the OLS estimates rather than the results
of selection bias only. Since we did not have geo-
graphic identifiers, we could not match our data with
local medical care availability and other community-
level variables that could act as instruments for the
demand for prenatal care. To the extent that there
is adverse selection in the demand for prenatal care,
our estimates of the efficacy of prenatal care utiliza-
tion are too low. However, our results indicate that
estimators that explicitly account for selection bias
but which are not robust to measurement error will
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substantially underestimate the effect of prenatal
care. For example, consistent estimation with the se-
lection-correction methodology suggested by Joyce
(32) depends on the absence of misclassification in
the Kessner Index. Our results suggest that these
results are substantially attenuated.

There are several limitations to our study. First,
as with most research on prenatal care, our study
focused on prenatal care utilization, neglecting other
dimensions of prenatal care, including the content,
quality, continuity, and comprehensiveness of care.
The effect of prenatal care on birth outcomes may
vary by its adequacy in regard to its content and
quality in addition to the adequacy of the number and
timing of visits. Second, we did not have a measure of
prenatal care utilization that can be considered the
‘‘gold standard.’’ As stated above, our OLS results
are consistent with the interpretation that attenua-
tion bias is least severe for prenatal care information
from the birth certificate. However, more definitive
statements about the relative accuracy of the differ-
ent data sources are not possible without a gold stan-
dard to which we can appeal. Also, due to its adminis-
trative nature, we used the birth certificate as an
instrument in our TSLS estimates under the assump-
tion that the error in this information on prenatal care
is unsystematically related to birth weight. Again,
however, without information from a gold standard,
we cannot test this assumption. Third, an unbiased
estimate of the partial correlation between prenatal
care utilization and birth weight depends on the non-
correlation of the measurement errors across sources
of prenatal care data used in the estimation. Since
the raw correlations of the measures of prenatal care
across sources are quite low, there appears to be a
good deal of independence in the errors. However,
if there is a common element in the errors in both
sources, which would induce a positive correlation in
the error terms, our TSLS estimates will be attenu-
ated themselves, and we will have understated the
extent of the attenuation bias in the OLS estimates.
Fourth, since geographic identifiers for individuals in
the NNS were not available to us, we were not able
to match the birth records to area-level data on medi-
cal care availability and other area-level characteris-
tics, preventing us from obtaining a second set of
TSLS estimates robust to both selection and attenua-
tion bias. If this second set of TSLS estimates were
available, we could compare them to the TSLS and
OLS presented here, giving us an understanding of
the relative importance of attenuation bias and selec-
tion bias that is present in OLS estimates.

Fifth, the part of this study that incorporated
maternal self-report information (Sample 2) is lim-
ited by the fact that only married women received
the maternal questionnaire, that there was a high
level of imputed prenatal care data in this data source,
and that there was a small number of Black women
in the resulting study sample. Thus, the generalizabil-
ity of the results from Sample 2 is limited. Sixth,
prenatal care use is not the only variable used in birth
outcomes research that may suffer from measure-
ment error. In particular, gestational age also is diffi-
cult to measure (36, 37). We do not, however, believe
that errors in reporting of gestational age at delivery
are bigger than errors in prenatal care (Table I).

A final limitation of this study is that the data
are 20 years old. Nonetheless, at the time we began
this study, the NNS was the only nationally represen-
tative data source with three different measures of
prenatal care use for sample respondents. Although
there have been some changes in obstetrical technol-
ogy in the past two decades, recommendations re-
garding the content and the timing of standard prena-
tal care are virtually the same (14). Thus, we believe
that our major conclusions are valid and important
for both researchers and policymakers.

CONCLUSIONS

The relationship between prenatal care use and
birth weight is difficult to measure, and two of the
most complicated methodological issues (measure-
ment error and selection bias) may lead to underesti-
mations of the effect of care when left unaddressed.
The NNS data provide an opportunity to evaluate
the quality of the administrative and self-reported
data on which most prenatal care utilization research
is based. Our results show that the extent of measure-
ment error in administrative records and self-reports
of prenatal care utilization is substantial. Thus, stud-
ies that do not address measurement error in utiliza-
tion—nearly every study done to date—will almost
certainly underestimate the effect of prenatal care.
A number of studies have addressed selection bias,
but not all of the proposed methods are robust to
measurement error. Therefore, our work helps define
which selection-bias approaches are profitable ave-
nues for future research.

A number of research recommendations come
out of this study. We recommend that future studies
of the association between prenatal care utilization
and birth weight attempt to control for measurement



Measurement Error in Prenatal Care Utilization 51

error by using TSLS analysis when multiple sources
of utilization data are available. When these data
are not available, authors should acknowledge the
probable presence of attenuation bias in the range
and magnitude described here. We also recommend
that, whenever possible, multiple independent mea-
sures of key variables that are likely to be measured
with error be incorporated in future national natality
or infant health data sets. This recommendation fur-
ther extends to other types of health care utilization
data where self-reports and/or administrative data
have not been validated against a gold standard or
where such a standard does not exist.

We have shown that three standard methods of
collecting prenatal care utilization data are prone to
substantial measurement error. Our research uncov-
ers several important problems in retrospective re-
porting of prenatal care utilization, problems that are
likely to exist in other areas of outcomes research as
well. Future research must address both the problems
of measurement error and selection bias if we are
further to elucidate the relationship between prenatal
care utilization and birth outcomes. An improved
understanding of the potential of prenatal care to
reduce the risk of low birth weight, prematurity, and
infant mortality is essential to the further develop-
ment of public health policies aimed at improving
population reproductive outcomes.

While prior studies may have underestimated
the potential impact of prenatal care use on birth
weight outcomes, it is important to emphasize that
our results (which take into account attenuation bias
due to measurement error) do not offer unequivocal
support for a continued focus on standard prenatal
care as a major public policy response to the serious
infant health problems in the United States. Al-
though methodological problems preclude a precise
estimation of the impact of prenatal care use on birth
weight and other pregnancy outcomes, a growing
body of evidence suggests that standard prenatal care
is not a major determinant of infant health at birth.
Such evidence led Huntington and Connell (8) to
state that the strong and continued focus of public
health policies on prenatal care implies ‘‘that there
is a simple medical remedy for problems that are
probably manifestations of deeply rooted social and
economic factors.’’ To be sure, better data and im-
proved measurement approaches would lead to a bet-
ter understanding of the true relationship between
prenatal care and birth outcomes. However, the evi-
dence to date does not suggest that, even if measured
perfectly, standard prenatal care should emerge as

the cornerstone of maternal and infant policy in the
United States.
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