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Objectives. This study sought to
provide direct estimates of the number
of US children younger than 18 years
who are exposed to alcohol abuse or
alcohol dependence in the family.

Methods. Data were derived from
the National Longitudinal Alcohol Epi-
demiologic Survey.

Results.Approximately 1 in 4 child-
ren younger than 18 years in the United
States is exposed to alcohol abuse or
alcohol dependence in the family.

Conclusions. There is a need for
approaches that integrate systems of
services to enhance the lives of these
children. (Am J Public Health. 2000;
90:112–115)
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Alcohol abuse and alcohol dependence
are the two most prevalent and deleterious
psychiatric disorders not only in the United
States but in the world.1 In 1992, an esti-
mated 14 million adults in the United States
abused alcohol or were dependent on it.2

Beyond the enormous, devastating effects on
both these individuals and society, immediate
family members, particularly children, suffer
the burdens inflicted by such disorders.

There is considerable evidence that both
genetic exposure and environmental exposure
to alcoholism predispose children to become
alcoholics themselves. Evidence of familial
aggregation of alcoholism has been strongly
supported by family, twin, and adoption stud-
ies.3–5 Despite a number of methodological
shortcomings,6 there is also abundant evi-
dence from studies of environmental expo-
sure that children of alcoholic parents are at
risk. Children of alcoholics are often sub-
jected to an extremely disorganized milieu,
negligent and abusive rearing, economic
hardship, and social isolation that accompa-
nies attempts to hide the disorder from
friends, relatives, and others.7,8

Studies using self-report or behavioral
observations have shown that alcoholic fami-
lies, relative to nonalcoholic families, are
characterized by higher levels of conflict,
lower levels of cohesion, more impaired prob-
lem solving, and more hostile communica-
tions.6–9 Many studies have shown as well that
parental alcoholism is associated with a range
of psychopathology and other behavioral and
medical problems in offspring, including con-
duct disorder and delinquency,10–12 use and
abuse of alcohol and other drugs in adoles-
cence,13–15 anxiety disorders,6 and impaired
physical health.16

Because of the important consequences
of exposure to alcohol in the family, this
study was conducted to provide estimates of
the number of children (i.e., younger than
18 years) who are exposed to alcohol abuse
and/or dependence in the family environ-
ment. This study provides, for the first time,
a direct estimate of the number of children
living with at least one adult classified with
alcohol abuse or dependence, considering
both past-year and lifetime diagnoses.

The present study represents a signifi-
cant advance over previous estimates of the
number of children of alcoholics in the

United States, which have ranged from 5 to 6
million.17–19 These previous estimates were
based on extrapolating the ratio of children to
adults from the general population to subpop-
ulations of alcoholics.17–19 Other studies have
questioned adults about exposure in their
childhoods.20

This study avoids several limitations of
previous research, including exclusion of cer-
tain subpopulations, absence of standardized
definitions of alcohol abuse and dependence,
recall bias, and the untenable assumptions
that alcoholism is randomly distributed in the
general population and that the ratios of chil-
dren in alcoholic families are consistent with
those in the general population. Unlike previ-
ous research, the present study provides a
description of children at risk by virtue of
exposure to alcohol in the family in terms of
sex, race, and age.

Methods

Sample

This study was based on the 1992
National Longitudinal Alcohol Epidemio-
logic Survey, sponsored by the National Insti-
tute on Alcohol Abuse and Alcoholism.21

Data were collected via personal interviews
conducted in respondents’ homes by US
Bureau of the Census interviewers. The sur-
vey sample consisted of adults 18 years or
older who were selected at random from a
nationally representative sample of house-
holds. The multistage sampling design fea-
tured the selection of primary sampling units
via probability–proportional-to-size tech-
niques, oversampling of segments with high
proportions of Black residents, and oversam-
pling of young adults (i.e., those aged 18 to 29
years) at the household level. The household
response rate was 92%, and the individual
response rate was 97%, yielding a total sam-
ple size of 42862.
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Diagnostic Assessment

Diagnoses of alcohol use disorders, as
classified in the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition
(DSM-IV),22 were derived from the Alcohol
Use Disorders and Associated Disabilities
Interview Schedule, a fully structured psychi-
atric interview designed to be administered
by trained lay interviewers.23 The interview
schedule included an extensive list of symp-
tom items that operationalized the DSM-IV
criteria for alcohol abuse and dependence.

Respondents were classified with past-
year dependence if they met at least 3 of the
7 DSM-IV criteria for dependence within the
1-year period preceding the interview: toler-
ance; withdrawal or avoidance of withdrawal;
desire or attempts to cut down or stop drink-
ing; much time spent on drinking, obtaining
alcohol, or recovering from its effects; reduc-
tion/cessation of important activities in favor
of drinking; impaired control; and continued
drinking despite physical or psychological
problems caused or exacerbated by drinking.
Respondents were classified with past-year
alcohol abuse if they met at least 1 of the
4 DSM-IV criteria for abuse in the 1-year
period preceding the interview: alcohol-
related legal problems, continued drinking
despite interpersonal problems, neglect of
role responsibilities as a result of drinking,
and drinking in hazardous situations.

The Alcohol Use Disorders and Asso-
ciated Disabilities Interview Schedule
diagnoses of past-year alcohol abuse and
dependence also satisfied the clustering and
duration criteria of the DSM-IV definitions.
The criteria of the DSM-IV included clus-
tering of symptoms for each diagnosis
within the 1-year period preceding the
interview, along with associating duration
qualifiers with certain abuse and depen-
dence criteria. Duration qualif iers are
defined in DSM-IV as the repetitiveness
with which symptoms must occur to be
classified as positive toward a diagnosis.
They are represented by the terms recur-
rent, often, and persistent appearing in the
description of the diagnostic criteria.

Lifetime diagnoses were also mea-
sured as syndromes, or the clustering of
the number of simultaneous symptoms
required for a diagnosis of abuse or depen-
dence. Respondents classified with a life-
time diagnosis encompassed all who had
experienced an episode of abuse or depen-
dence at any point in their lives. The relia-
bilities of past-year and lifetime DSM-IV
alcohol abuse and dependence diagnoses
were 0.73 and 0.76, as ascertained from an
independent test–retest study conducted in
the general population.24

Statistical Analyses

SUDAAN,25 a software program that
uses Taylor series linearization to adjust for
sample design characteristics in complex
sample surveys, was used in conducting all of
the analyses presented here to take into
account the complex sample design of the
National Longitudinal Alcohol Epidemio-
logic Survey. Two estimates of the number of
children living with at least 1 adult classified
with alcohol abuse or dependence were
derived from the study data: (1) the number
of children living in households with 1 or
more adults classified with past-year alcohol
abuse and/or dependence, and (2) the number
of children living in households with 1 or
more adults classified with a diagnosis of
alcohol abuse, alcohol dependence, or both,
at any point during their lives.

The number of children living in house-
holds with 1 or more adults who abused or
were dependent on alcohol in the past year
was estimated by multiplying the total esti-
mated number of adults 18 years and older
who met DSM-IV criteria for past-year abuse
and/or dependence by the average number of
children from birth to 17 years of age living
in their households. This average number of
children was obtained by linking National
Longitudinal Alcohol Epidemiologic Survey
respondents’ files with those of all other
individuals in the same household, by taking
a count of children based on the ages of each
other household member, and then calculat-
ing the weighted mean of this count for
adults who were classified with past-year
abuse and/or dependence.

The weight factor for each adult sam-
ple member included a multiplier to account
for all other adults in the household repre-
sented by the sample member. Thus, weight-
ing the number of children in the household
by the weight factor for this sample member
accounted for the probability that at least one
of the adults in the household abused or was
dependent on alcohol. The same procedure
was used to estimate the number of children
living in households with one or more adults
classified with a diagnosis of alcohol abuse
or dependence on a lifetime basis; the total
number of adults classif ied with a past-
year diagnosis of abuse or dependence was
replaced with the estimated number of adults
classified with a lifetime diagnosis.

The first estimate of children living in
households with at least one abusing/depen-
dent adult represents an underestimation of
the number of exposed children. The reason
is that this estimate does not account for
adults who were not abusing or dependent on
alcohol during the year preceding the inter-
view but had been at some earlier time that

may have coincided with the time the child
was living in the household.

In contrast, the estimate based on adults
with lifetime diagnoses represents an overes-
timation of the number of exposed children
to the extent that an unknown proportion of
these adults had not abused or been depen-
dent on alcohol during a period that coin-
cided with the time the child was living in the
household. Both estimates are also overrepre-
sentations to the extent that households with
multiple alcoholics increase the probability
that children will be categorized as living in
an alcoholic household.

Results

Approximately 7.4% (13 760 000) of
US adults were classified with a past-year
diagnosis of DSM-IV alcohol abuse or
dependence. Of these individuals, 9 806 000
were men and 3 954 000 were women. An
estimated 9 667 473 children were living in
households with 1 or more adults classified
with a past-year diagnosis of alcohol abuse
or dependence (Table 1). Approximately
49.0% of these children were male, 11.9%
were Black, and 88.1% were non-Black.
Slightly more than one third (36.3%) of the
children were 5 years or younger, 33.7%
were aged 6 to 11 years, and 30% were aged
12 to 17 years.

Most of the children were identified as
biological, foster, or adopted children or
stepchildren (70.4%); 11.6% were siblings of
the adults classified with a past-year diag-
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TABLE 1—Numbers of Children
Living in Households
With 1 or More Adults
Who Abused or Were
Dependent on Alcohol
in the Previous Year:
National Longitudinal
Alcohol Epidemiologic
Survey, 1992

Characteristic No.

Sex
Male 4740 904
Female 4926 569

Race/ethnicity
Black 1146 485
Non-Black 8520 988

Age, y
0–2 1842 237
3–5 1668 656
6–8 1741 220
9–11 1512 953
12–14 1408 891
15–17 1493 516

Total 9667 473



noses of DSM-IV alcohol abuse and/or
dependence. The remainder (8.8%) were clas-
sif ied as other biological relatives (e.g.,
cousins, grandchildren, nieces, nephews), non-
relatives with or without their own relatives in
the household (6.3%), and children with an
unspecified relationship to the adult classified
with past-year abuse or dependence (2.9%).

Approximately 18.2% (n = 33 761 710)
of the adults were classified with a lifetime
diagnosis of DSM-IV alcohol abuse or depen-
dence. An estimated 28 046 258 children
were living in households with 1 or more
adults classified as having such a diagnosis
(Table 2). Among these children, 51.1% were
male, 8.4% were Black, and 91.6% were
non-Black. Again, slightly more than one
third (36.8%) were 5 years or younger; 34%
were aged 6 to 8 years, and 29.2% were aged
12 to 17 years.

Most of the children were the biological,
foster, or adopted children or stepchildren
(82.5%) of the adults classified with lifetime
abuse or dependence. The remaining children
were identified as siblings (5.1%), other bio-
logical relatives (5.6%), nonrelatives living in
the household (4.2%), and children with an
unspecified relationship to the adult with an
abuse and/or dependence diagnosis (2.6%).

Discussion

In 1992, an estimated 9 667 473 chil-
dren, representing approximately 15% of the
66 million US children 17 years or younger,

were living in households with 1 or more
adults who were abusing or dependent on
alcohol. Nearly 43% (n = 28046258) of US
children were members of households with 1
or more adults who, at some time in their
lives, had abused or were dependent on alco-
hol. The true estimate of the number of chil-
dren exposed to alcohol abuse or dependence
lies somewhere between these two figures.

Given the more conservative estimate
involving past-year diagnoses, about 1 in
every 6.6 children in the United States is
exposed to alcohol abuse or dependence in
the family. Assuming the less conservative
estimate involving lifetime diagnoses, 1 in
every 2.3 children is exposed to alcohol
abuse or dependence in the family. Consider
that neither estimate includes children’s
exposure to biological and nonbiological
family and friends who do not reside in the
household. Also, assume that 50% of the 
18 378 785 children living with 1 or more
adults with diagnoses of abuse and/or depen-
dence only prior to the past-year are indeed
affected before the age of 18 years by that
adult’s abuse and/or dependence. With these
considerations, it can conservatively be
estimated that approximately 1 in every 4
(28.6%) children in the United States is
exposed to alcohol abuse or dependence in
the family. Such figures represent underesti-
mations to the extent that they do not include
children who are homeless and otherwise not
residing in households.

As is the case with most research, this
study raises a number of critical questions
and issues. Foremost, all of the children
exposed to alcohol abuse or dependence in
the family are at risk of adverse developmen-
tal, social, and health outcomes, but not all
exposed children will manifest the effects of
these threats to their health, well-being, and
ability to achieve their full potential in life.
More research is necessary to explore the
resiliency found in some children who man-
age to cope positively despite their exposure
to alcohol abuse and dependence in the fam-
ily and an environment that can, at best, be
characterized as stressful, chaotic, and fright-
ening. More needs to be known about these
individual differences and the impact of
mediating factors (e.g., sex of child and
affected adult, personality features, comor-
bidity, social support) on the development
and outcomes of children exposed to alcohol
abuse or dependence in the family.

The extraordinary number of children in
this country who are exposed to alcohol abuse
and dependence defines one of today’s major
public health problems and demands a com-
prehensive public policy directed toward pre-
vention and intervention. Extant social health
and treatment services designed to improve

the lives of children from a variety of types of
dysfunctional families have ignored the wide-
ranging problems experienced by children
exposed to alcohol abuse and dependence in
the family. There are simply too many of these
children at risk to rely on existing fragmented,
incomplete, and compartmentalized health,
social, and treatment services.

What is urgently needed is a comprehen-
sive strategy that integrates all systems ori-
ented toward the provision of health, social,
and treatment services, designed to improve
the lives of children at risk from their exposure
to alcohol abuse and dependence in the family.
Such a strategy must include a broadening of
an array of services targeted to the needs of
these children at every developmental stage,
coupled with aggressive interventions to
enhance their lives and protect their safety.

Children exposed, through no fault of
their own, to alcohol abuse and dependence
during their critical developmental years are
thrust into families and environments that
pose extraordinary risks to their immediate
and future well-being and that threaten the
achievement of their fullest potential. Unless
comprehensive and intensive interventions are
provided to address the full range of needs of
children exposed to abuse and dependence,
along with the needs of their families, the
potential costs to human services, health, edu-
cation, social services, and correctional sys-
tems will quickly become overwhelming.
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Objectives. The purpose of this
study was to describe and compare
risky behaviors in HIV-infected youths
and adults.

Methods. Records of HIV-infected
outpatients were reviewed for the per-
iod January 1990 to February 1998.
Youths (younger than 22 years at HIV
diagnosis and younger than 25 years at
study entry, n = 139) were compared
with adults (22 years or older at HIV
diagnosis or 25 years or older at study
entry, n = 2880). Risky behaviors
occurring after HIV diagnosis included
unsafe sex and needle sharing.

Results. Female and male youths
were more than twice as likely as adults
to engage in risky behavior (adjusted
odds ratios of 2.6 and 2.3, respectively).

Conclusions. Both youths and
adults continue to engage in risky
behaviors after HIV diagnosis. Pro-
spective studies are needed, along with
targeted public health campaigns, for
youths with HIV and for those at risk of
infection. (Am J Public Health. 1999;
90:115–118)

A B S T R A C T Catherine Diamond, MD, MPH, and Susan Buskin, PhD, MPH

Continued Risky Behavior in 
HIV-Infected Youth

Many cases of HIV infection and AIDS
diagnosed in adults were acquired during
adolescence. As of December 1998, 3423
AIDS cases among youths aged 13 to 19 years
and 24 437 cases among youths aged 20 to
24 years had been reported to the Centers
for Disease Control and Prevention (CDC).1

Because HIV infection frequently occurs more
than a decade before the onset of AIDS,2 these
figures underestimate the extent of HIV
infection in youths. Individuals aged 13 to
24 years currently account for 18% of reported
HIV cases.1 We sought to describe and com-
pare risky behaviors of HIV-infected youths
and adults to help prevent the spread of HIV
infection.

Methods

Analyses were performed on data
obtained from the Seattle–King County
Adult/Adolescent Spectrum of HIV-Related
Diseases Study3; these data were collected
between January 1990 and February 1998.
Seattle, Wash, is one of 11 municipal areas in
the United States tracking HIV–AIDS trends
via medical record review in this CDC-spon-
sored study. Abstraction was performed by
trained staff using standardized instruments

at 9 diverse King County sites; men of ethnic
minority backgrounds and women were over-
sampled. Records were abstracted for a
1-year retrospective period beginning with a
patient’s initial visit to a participating site and
semiannually thereafter until death or loss to
follow-up.

Subjects were divided into 2 groups:
youths (diagnosed with HIV before 22 years
of age and younger than 25 years at study
entry) and adults (22 years or older at HIV
diagnosis or 25 years or older at study entry).
Among the adults, 99% had been diagnosed
with HIV when 22 years or older, and 1%
had been diagnosed before 22 years but were
25 years or older at study entry. We used this
definition of youths to ensure that these indi-
viduals were truly infected as youths and
observed for behavioral risks while still
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young adults. Persons without follow-up vis-
its were excluded.

We defined continued risky behavior as
that occurring more than 6 months after the
first known date of HIV infection. Such
behaviors included unsafe sex (e.g., unpro-
tected anal, genital, or oral sex), exchange of
sex for money or drugs, needle sharing with-
out bleach, and other unsafe practices (e.g.,
fecal–oral contact). Women who became
pregnant and individuals who contracted a
sexually transmitted disease (STD) were con-
sidered as engaging in risky behavior as well.

Using SPSS 7.5 (SPSS Inc, Chicago, Ill),
we performed multivariate logistic regression
analyses to determine the odds of continued
risky behavior after adjusting for potential
confounders in the association between risky
behaviors and youths. Potential confounders
were included in the models if adding the con-
founding variable changed the odds ratio for
continued risky behavior in youths by more
than 5%.4 The use of highly active antiretrovi-
ral therapy was not examined, because such
therapy was not available during the first
6 years of the study. All adjusted models
included illicit use of noninjection drugs, CD4
cell count, CDC HIV classification,5 and num-
ber of outpatient visits. For women, adjusted
models also included psychiatric disorders and
alcohol abuse.

Results

Median ages at HIV diagnosis and study
entry, respectively, were 20 and 21 years in
139 youths and 32 and 34 years in 2880
adults. The median ages at study entry and
HIV diagnosis were lower in young women
than in young men (P < .001 and P = .03,
t test). Sixty-eight percent of youths were
male, compared with 90% of adults.

Youths had higher CD4 cell counts at
study entry than adults (P<.01, Mann–Whit-
ney test) (Table 1) and were more likely to be
asymptomatic (P < .001, χ2 test). Median
numbers of outpatient visits were 19 in youths
and 23 in adults (significant difference at P =
.04, Mann–Whitney test). Median follow-up
times were 2.4 years and 2.3 years in young
women and adult women, respectively; the
corresponding medians in young men and
adult men were 1.9 years and 2.0 years.

Fifty-six percent of adults and 48% of
youths had a psychiatric disorder (anxiety,
depression, or psychosis). Young women had
fewer psychiatric disorders than young men
(34% vs 55%; P = .04, χ2 test). Nine percent
of youths evidenced suicidal ideation, in com-
parison with 13% of adults. Youths were more
likely than adults to engage in illicit use of
noninjection drugs (P = .05, χ2 test).
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TABLE 1—Characteristics and Behaviors of HIV-Infected Male and Female
Youths and Adults: Seattle-King County, 1990–1998

Young Adult
Young Men Adult Men Women Women

Characteristic—Behavior (n = 95) (n = 2578) (n = 44) (n = 302)

Median age at HIV 20 (14–21) 32 (16–69) 19 (11–21) 31 (17–81)
diagnosis, y (range)

Median age at study 21 (15–24) 34 (22–75) 20 (15–24) 32 (22–82)
entry, y (range)

Race/ethnicity,a %
White 64 74 68 54
Black 16 13 11 33
Latino 9 9 2 6
Asian 6 2 2 2
American Indian/Alaska Native 4 2 16 5

HIV exposure category,a %
Men having sex with men 67 66 . . . . . .
Injection drug use 6 9 34 43
Injection drug use & sex with men 22 20 . . . . . .
Blood transfusion/hemophilia 2 1 . . . 1
Heterosexual sex 1 2 48 38
No identified risk 1 2 18b 18

King County resident, % 86 90 70 73
Enrollment site,a %

Community clinic 21 24 5 5
Emergency department 31 24 14 13
Private physician 4 11 0 0
HIV specialty clinic 44 42 82 82

Median CD4 cells/mm3 (range) 482 291 570 383
(0–1050) (0–2952) (47–1089) (0–1616)

Initial CDC HIV classification,a %
Asymptomatic (A) 66 45 84 62
Symptomatic (B) 17 19 7 15
Clinical AIDS (C) 16 36 9 23

Psychiatric disorder, % 55 57 34 53
Suicidal Ideation, % 12 13 5 11
Illicit drug use (noninjection), % 28 20 27 30
Alcohol abuse, % 27 27 41 28
Risky behaviorc (overall), % 23 14 61 39

Unsafe sex with anonymous 
partner 3 <1 2 3

Unsafe heterosexual sexd 0 6 61 38
Unsafe homosexual sex 22 12 . . . . . .
Unsafe sex with HIV-negative 
partner 3 1 9 4

Exchange of sex for money or 
drugs, 0 <1 5 3

Sharing needlese 0 1 0 5
Other unsafe practices 0 <1 0 1

Acute STDf (overall), % 15 4 18 14
Chlamydia 2 <1 7 3
Gonorrhea 13 3 5 1
Nongonoccocal urethritis in men 3 <1 . . . . . .
Trichomonas 0 <1 11 11

Pregnancy in known HIV-positive
women, % . . . . . . 36 19

Total continued risky behaviorg, % 28 16 66 46

aColumn total may not equal 100% because of rounding.
bWomen likely to have been infected heterosexually but unable to identify a source partner

(e.g., who cannot recall a partner who used injection drugs or a partner with known HIV
infection) were classified as having no identified risk.

cNoted by medical provider at least 6 months after HIV diagnosis.
dIn women and men other than those with sex with men as HIV exposure category.
eIn individuals with injection drug use as an HIV exposure category.
fAcute STDs are any of the following diagnosed 6 months or more after HIV diagnosis:

chlamydia, gonorrhea, nongonococcal urethritis, and trichomonas.
gAny of the above-listed risky behaviors along with pregnancy and STDs.



Sixty-six percent of young women exhib-
ited evidence of risky behaviors after HIV
infection, as compared with 46% of adult
women (significant difference at P = .02, χ2

test) (Table 1). When pregnant women were
excluded, 46% of young women and 34% of
adult women exhibited evidence of risky
behaviors. Twenty-eight percent of young men
with HIV infection, in comparison with 16%
of infected adult men, exhibited evidence of
risky behaviors (significant difference at P<
.01, χ2 test). In adults, continued risky behav-
ior was associated with psychiatric disorders,
suicidal ideation, alcohol abuse, and illicit use
of noninjection drugs (P < .001, χ2 test); in
youths, however, these associations were not
statistically significant.

Youths were significantly more likely
than adults to be diagnosed with at least one

episode of an acute STD (chlamydia, gonor-
rhea, trichomonas, or nongonococcal urethri-
tis; P < .001, χ2 test) (Table 1). Gonorrhea
and nongonococcal urethritis were both sig-
nificantly more common in male youths than
in adults (P<.001, χ2 test). Sixteen (36%) of
44 young women became pregnant, as com-
pared with 53 (19%) of 283 adult women
younger than 46 years (significant differ-
ence at P = .01, χ2 test).

Multivariate analyses showed that the
adjusted odds of continued risky behaviors
were 2.6 (P = .03) among female youths
and 2.3 (P = .001) among male youths
(Table 2). In male subjects, psychiatric dis-
orders, alcohol abuse, and injection drug
use all increased the odds of continued
risky behavior. Male subjects who had been
evaluated by a private physician were less

likely to have documented risky behaviors.
The odds of continued risky behavior were
higher in male subjects with CD4 cell
counts above 200 mm3. The odds of contin-
ued risky behavior were higher among
subjects who engaged in the use of illicit
noninjection drugs than in nonusers. Indi-
viduals with asymptomatic HIV infec-
tion were more likely to engage in risky
behaviors than those with clinical AIDS,
and the odds of continued risky behavior
increased with increasing numbers of
physician visits.

Discussion

Both male and female youths were more
than twice as likely as adults to continue
engaging in risky behaviors after HIV infec-
tion. Excess risks for young women are further
evidenced by national data showing that AIDS
incidence is increasing rapidly in heterosexual
women in their 20s.6,7 Although women had
more documented risky behavior than men,
this may have been due to more frequent STD
screening and inclusion of pregnancy as evi-
dence of risky behavior. STDs have been
shown to increase HIV transmission; thus, the
increased number of STDs among youths has
implications for the spread of HIV.8,9

The present study was limited because
risk data was collected from medical record
review. We obtained information only on
youths receiving medical care; thus, our find-
ings may represent an underestimate of the
extent of risky behaviors in HIV-infected
youths. However, medical record abstraction
provided us with a picture of what young peo-
ple are telling their providers about their risky
behaviors over time; such information may be
more reliable than data obtained in a single
survey. Measurement of STDs and pregnan-
cies helps in assessing the true extent of risky
behavior.9,10 Less apparent markers of risky
behavior may not have been routinely ascer-
tained owing to differences in provider or
patient recall or social desirability bias.

Targeted public health campaigns,
school-based interventions, clinician attention
to risk assessment and counseling at all med-
ical visits, and treatment for substance abuse
and mental illness are interventions that might
benefit young people with HIV infection and
those at risk for infection. Prospective studies
of possible increases in risky behavior with
the advent of highly active antiretroviral ther-
apy are needed.11,12
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TABLE 2—Adjusted Odds Ratios for Continued Risky Behaviors 
in HIV-Infected Male and Female Subjects: Seattle-King County,
1990–1998

Male Subjects Female Subjects

Characteristic Odds Ratio P Odds Ratio P

Youtha,b 2.3 .001 2.6 .03
Race/ethnicity

White 1.0 Referencec 1.0 Referencec

Black 1.4 .07 1.2 .59
Latino 1.5 .03 1.5 .46
Asian 1.4 .37 1.9 .45
American Indian/Alaska Native 1.8 .10 3.4 .05

HIV exposure category
Men having sex with men 1.0 Referencec . . . . . .
Injection drug use 0.5 <.01 1.0 Referencec

Injection drug use and sex with men 1.0 .87 . . . . . .
Heterosexual/other 0.7 .40 1.0 .90

King County resident 1.5 .11 1.0 .91
Enrollment site

Community clinic 1.0 Referencec 1.0 Referencec

Emergency department 1.0 .90 1.4 .63
Private physician 0.4 <.001 . . .d . . .
HIV specialty clinic 1.1 .33 1.1 .90

CD4 cells/mm3 at study entrya,b

>500 2.3 <.001 1.6 .40
200–499 1.5 .03 1.4 .52
<200 1.0 Referencec 1.0 Referencec

Initial CDC HIV classificationa,b

Asymptomatic (A) 1.8 <.01 3.2 .03
Symptomatic (B) 1.4 .09 1.8 .21
Clinical AIDS (C) 1.0 Referencec 1.0 Referencec

No. of outpatient visits a,b

<5 1.0 Referencec 1.0 Referencec

6–20 2.3 .001 4.2 <.01
21–45 5.1 <.001 9.7 <.001
>45 6.8 <.001 7.7 <.001

Psychiatric disorder or suicidal ideationb 1.4 .01 1.0 .93
Alcohol abuseb 1.3 .03 1.5 .23
Illicit drug use (noninjection)a,b 1.9 <.001 2.4 <.01

aFactors in the adjusted logistic regression models for male subjects.
bFactors in the adjusted logistic regression models for female subjects.
cCategory against which the other categories were compared.
dNo women were enrolled at private physician sites.
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Objectives. Different sources of
prenatal care data were used to exam-
ine the association between birth out-
comes of HIV-infected women and the
Adequacy of Prenatal Care Utilization
(APNCU) index.

Methods. Adjusted odds ratios of
birth outcomes for 1858 HIV-positive
mothers were calculated for APNCU
indexes on the basis of birth certificate
data or 3 types of physician visits on
Medicaid claims.

Results. Claims- and birth certifi-
cate–based APNCU indexes agreed
poorly (κ < 0.3). Only the broadest
claims-based APNCU index had lower
adjusted odds ratios for low birth-
weight (0.64; 95% confidence interval
[CI] = 0.49, 0.84) and preterm birth
(0.70; 95% CI = 0.54, 0.91). The birth
certificate–based index had a reduced
adjusted odds ratio (0.73; 95% CI =
0.56, 0.95) only for preterm birth.

Conclusions. The association of
birth outcomes and adequacy of prena-
tal care in this HIV-infected cohort dif-
fered significantly depending on the
source of prenatal care data. (Am J Pub-
lic Health. 2000;90:118–121)

A B S T R A C T Barbara J. Turner, MD, MSEd, James Cocroft, MA, Craig J. Newschaffer, PhD,
Walter W. Hauck, PhD, Thomas R. Fanning, PhD, and Michelle Berlin, MD

Sources of Prenatal Care Data and Their
Association With Birth Outcomes of 
HIV-Infected Women

The impact of prenatal care on birth out-
comes has been an area of substantial contro-
versy in the public health field.1 A number of
indexes, notably Kotelchuck’s Adequacy of
Prenatal Care Utilization (APNCU) index,
have been developed to study this issue.2–4

Less attention, however, has been directed to
evaluating the type of data used to calculate
measures of the use of prenatal care.

Although vital statistics data are often
used as a source of information on prenatal
care,5–7 birth certificate records reflect the
mother’s recollection of her prenatal care his-
tory and her understanding of what consti-
tutes a prenatal care visit. Administrative data
provide an alternative source of such infor-
mation. These data offer the advantages of
eliminating patient recall as a potential
source of error and permitting specification
of the types of providers who deliver prenatal
care. Care from diverse types of primary and
specialty providers during pregnancy may
have distinct benefits for women with chronic
diseases such as HIV infection, who have an
increased risk of adverse birth outcomes.8

In this retrospective cohort study, we
computed APNCU indexes from birth certifi-
cate data and Medicaid claims for a cohort of

HIV-infected pregnant women. For the
claims-derived assessment, we computed
APNCU indexes for 3 progressively broad
definitions of the types of providers who con-
tribute to prenatal care. We hypothesized that
of the 4 data inputs into the index, the one
based on Medicaid claims for the most com-
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prehensive set of providers would be most
strongly associated with low birthweight and
preterm birth.

Methods

Data

We studied 1858 Medicaid recipients in
New York State who delivered live-born sin-
gleton children between 1993 and 1995, who
were identif ied by a tested case-f inding
screen as HIV infected, and who had claims
data linked to vital statistics records (92% of
mothers). For mothers with multiple deliver-
ies in the study period, one delivery was ran-
domly selected. The study population also
reflects the prior exclusion of 14 mothers
who participated in programs that paid a
global fee for prenatal care, since we could
not determine the number or type of their
visits.

Birth outcomes served as the criteria for
our analyses. Low birthweight was specified
as less than 2500 g, and preterm birth was
defined as a gestational age of less than
37 weeks, based on the physician’s esti-
mate or, when the physician’s estimate was
unavailable (3.7% of cases), the mother’s esti-
mate of her last menses.

The APNCU index was calculated in
4 ways. First, we used data on prenatal care
visits from vital statistics records. Then we
determined the number and timing of visits
from Medicaid claims for (1) obstetrics-
gynecology visits only; (2) obstetrics-
gynecology, family practice, or general
medicine services; and (3) obstetrics-gyne-

cology, any primary care, and HIV-related
specialty care (HIV-related specialties
include infectious disease, allergy/immunol-
ogy, hematology, and oncology). To simplify
the analysis, inadequate prenatal care was
compared with all other levels (i.e., ade-
quate plus, adequate, and intermediate)
combined.

To control for possible confounders, we
included several other maternal characteris-
tics in our multivariate analyses. Lacking
viral load and CD4 T-lymphocyte data, we
evaluated maternal HIV stage from diag-
noses previously reported to be predictive of
maternal–child HIV transmission, including
history of clinical AIDS, pneumonia, or
anemia during pregnancy.9 Chronic medical
conditions including hypertension, asthma,
and diabetes were also determined from
diagnoses on claims. Illicit drug use was
measured by an approach that, in previous
validation studies of claims data, identified
85% of subjects with illicit drug use noted
on charts.10 Other demographic and behav-
ioral covariates included age, race/ethnicity,
marital status, nativity (US, including Puerto
Rican, vs foreign), New York City resi-
dence, parity, year of delivery, educational
attainment, and smoking and alcohol use
during pregnancy.

Analysis

Simple κ coefficients11 were computed
to assess the chance-corrected agreement
among the different measures of adequate
prenatal care. These are interpreted in the
same way as intraclass correlation coeffi-
cients. To evaluate the relative strength of the

association between the variously specified
APNCU indexes and birth outcomes, we
compared 4 logistic regression models for
each outcome. Each model included the
same covariates with 1 of the 4 APNCU
indexes (there were no significant interaction
terms), and the adjusted odds ratio and 95%
confidence interval were contrasted.

Results

In 17% of the deliveries, the infants
were low-birthweight; a similar proportion
were preterm. The proportion of mothers
with adequate prenatal care utilization var-
ied from one half for the APNCU index
derived from vital statistics to two thirds for
the index based on visits to the most com-
prehensive set of providers (Table 1). As
shown by the κ statistic, we observed poor
agreement between each of the 3 claims-
based APNCU indexes of prenatal care and
the birth certificate–based APNCU index.
Agreement among the claims-based mea-
sures was considerably better.

The adjusted odds ratios for the 4 types
of data source did not differ dramatically for
either birth outcome (Table 2). However, the
APNCU measure based on visits to the most
comprehensive set of providers—primary
care, obstetrics-gynecology, and HIV special-
ists—consistently showed the strongest asso-
ciation, with a 30% to 35% reduction in the
adjusted odds of either birth outcome. The
other indexes showed 15% to 20% reduc-
tions in the odds of low birthweight. How-
ever, the birth certificate–derived measure
showed a 25% reduction in the adjusted odds
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TABLE 1—Proportion of HIV-Infected Medicaid Recipients (n = 1858) With Adequate Prenatal Care,a as Assessed From Birth
Certificate Data and From Medicaid Claims: New York State, 1993–1995

κ b

Claims (OB-GYN 
% With Adequate Birth Claims Claims (OB-GYN + Any Primary Care 

Data Source Prenatal Care Certificates (OB-GYN) + Selected Primary Carec) + HIV Specialty Care)

Birth certificates 52.8 1.0 0.29 0.26 0.23
Claims (OB-GYN) 52.9 . . . 1.0 0.82 0.65
Claims (OB-GYN + 58.3 . . . . . . 1.0 0.67
selected primary carec)

Claims (OB-GYN + any 68.1 . . . . . . . . . 1.0
primary care + HIV 
specialty cared)

Note. OB-GYN = obstetric-gynecologic care.
aAdequacy of prenatal care is based on the Kotelchuck index,2,3 dichotomized with Kotelchuck’s original “inadequate” level vs all other

categories.
bA κ statistic between 0 and 0.39 indicates poor agreement; κ between 0.40 and 0.74, adequate agreement; κ of 0.75 or more, good

agreement.
cSelected primary care providers are general internists, family medicine practitioners, and generalists.
dHIV-related specialties include infectious disease, allergy/immunology, hematology, and oncology.



of preterm birth, a reduction comparable to
that of the broadest claims-based measure.

Discussion

The assessment of adequacy of prenatal
care utilization based on birth certificate data
showed little agreement with that based on
claims. Previous studies of the concordance
of prenatal care information from birth cer-
tificates and from other data sources have
shown similar poor agreement.12–16 Of our
4 study measures, we found that the most
comprehensive claims-based APNCU index
had the strongest association with both low
birthweight and preterm birth.

The APNCU measure developed by
Kotelchuck was not intended to take into
account care by providers other than those
directly involved in delivering obstetric and
gynecologic services.2 In considering visits
to other providers, such as internists and HIV
specialists, in a measure of adequacy of pre-
natal care, we may have classif ied some
women as having adequate prenatal care
when they actually had fewer obstetric visits
than recommended. However, we hypothe-
size that visits to these other providers facili-
tated detection and treatment of conditions
that could have had an adverse effect on birth
outcomes (e.g., serious infections, hyperten-
sion, severe anemia, asthma, or poor nutri-
tion). We cannot say whether a study of
healthy women or women with diseases other
than HIV infection would show a similar
advantage to considering care during preg-
nancy delivered by providers other than
obstetricians.

Our findings should prompt researchers
to consider the value of administrative data
in the examination of prenatal care adequacy.
They should also lead researchers to recon-
sider the types of visits that should be included
in an evaluation of prenatal care utilization
or, more accurately, an evaluation of care
during pregnancy. For women with chronic
diseases, treatment from a broader set of
providers may contribute to improved birth
outcomes.
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TABLE 2—Adjusted Odds Ratiosa for Low Birthweight and Preterm Birth, by Adequacy of Prenatal Careb as Assessed From
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Low Birthweight (<2500 g) Preterm Birth (<37 weeks)

Women With Women With Women With Women With 
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Data Source Care, % Care,% AOR (95% CI) Care, % Care, % AOR (95% CI)
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+ any primary care 
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Note. AOR = adjusted odds ratio; CI = confidence interval; OB-GYN = obstetric-gynecologic care.
aOdds ratios are adjusted for mother’s age, race/ethnicity, education, marital status, nativity, New York City residence, chronic comorbid
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bAdequacy of prenatal care is based on the Kotelchuck index,2,3 dichotomized with Kotelchuck’s original “inadequate” level vs all other
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cSelected primary care providers are general internists, family medicine practitioners, and generalists.
dHIV-related specialties include infectious disease, allergy/immunology, hematology, and oncology.
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Objectives. This study sought to
identify characteristics of high-risk
pregnant women that predicted long-
term participation in a home visitation
program.

Methods. Data regarding sociode-
mographic characteristics, perceived
needs, psychological functioning, sub-
stance use, and informal social support
were collected prospectively from 152
short-term and 221 long-term program
participants.

Results. In comparison with short-
term participants, long-term partici-
pants were more likely to have been
African American, married, nonsmok-
ers, and enrolled in the program during
their second trimester of pregnancy,
and they were more likely to have had
emotional and instrumental support
needs.

Conclusions. Women with greater
social support needs and healthier behav-
iors were more receptive to long-term
home visitation than other women. (Am J
Public Health. 2000;90:121–124)

A B S T R A C T Maryam Navaie-Waliser, DrPH, Sandra L. Martin, PhD, Marci K. Campbell, PhD, RD,
Irene Tessaro, RN, DrPH, Milton Kotelchuck, PhD, MPH, and Alan W. Cross, MD

Factors Predicting Completion of a Home
Visitation Program by High-Risk Pregnant
Women: The North Carolina Maternal
Outreach Worker Program

Past studies of maternal home visitation
programs have reported attrition rates rang-
ing from 5% to 60%.1–4 Although the primary
goal of most home visitation studies is to
measure programmatic effects on infant mor-
bidity and mortality, investigators often face
diff iculties estimating program benefits
when a substantial proportion of women drop
out earlier than expected.

To date, relatively few studies have
focused on examining the characteristics of
women who drop out of prevention programs
prematurely.5–11 None of these studies have
focused on pregnant women at risk for poor
psychosocial functioning, and none are spe-
cific to maternal home visitation programs.
Given the dearth of information concerning
the characteristics of program dropouts and
completers and the applicability of this
knowledge to program planning, the present
study examined associations between
women’s sociodemographic characteristics,
perceived needs, psychological functioning,
substance use, and informal social support
networks and their duration of participation
in a North Carolina maternal home visitation
program.

Methods

Study Design and Sample

This study was part of a comprehensive
evaluation of the North Carolina Maternal
Outreach Worker Program.12,13 As described
elsewhere,14 a quasi-experimental design

was used to select 373 women who were
enrolled in the program and met the follow-
ing criteria: (1) receipt of maternity care
coordination services, (2) less than 28 weeks
pregnant, and (3) presence of at least one of
several risk factors (i.e., noncompliance in
regard to care, previous poor birth outcome,
adolescent pregnancy, transportation diffi-
culties, inadequate social support, high med-
ical risk, physical abuse, substance abuse,
mental illness, lack of housing, or other
stressful family situations).

Study subjects were classified as short-
term participants if they dropped out of the
program before 10 months after delivery
(n = 152). They were classified as long-term
participants if they remained in the program
for at least 10 months after delivery
(n = 221).
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Data Collection and Assessment

Between 1992 and 1995, interviews
were conducted with study participants in
their homes at the time of their entry into the
Maternal Outreach Worker Program. These
interviews were designed to collect a wide
range of information, including sociodemo-
graphic characteristics; perceived needs
(e.g., social support related, violence [physi-
cal abuse] related, and pregnancy related);
psychological functioning specific to self-
esteem, perceived stress, and depression
(through the use of previously validated
instruments15–17); substance use during
pregnancy; and structural (i.e., sources and
frequency) and functional (i.e., type) com-
ponents18 of informal social support net-
works (i.e., support from relatives and
friends).

Statistical Analysis

SAS19,20 was used in examining
descriptive statistics, conducting bivariate
analyses, and applying logistic regression
techniques. Five multivariate models were
used to examine long-term Maternal Out-
reach Worker Program participation as a
function of (1) sociodemographic charac-

teristics, (2) perceived needs, (3) psycho-
logical functioning, (4) substance use, and
(5) informal social support networks. Each
model (except the sociodemographic
model) was adjusted for the effects of age,
race, and marital status. Stratified analyses
were used to examine potential interactions
between predictor variables. In addition,
adjusted odds ratios (ORs), 95% confi-
dence intervals (CIs), and P values were
computed.

Results

Long-term and short-term program par-
ticipants did not differ greatly in terms of
sociodemographic characteristics (Table 1).
Race was the only sociodemographic vari-
able found to be significantly associated
with duration of program participation, sug-
gesting that long-term participants were
more likely to have been African American
than White.

Additional crude (unadjusted) analyses
revealed that the 2 groups did not differ in (1)
perceived needs in the areas of social sup-
port, violence, and pregnancy; (2) self-
esteem, perceived stress, and depression lev-
els; or (3) source, frequency, and type of

informal social support. However, a signifi-
cant relationship was found between the
women’s use of substances and their duration
of program participation, with long-term par-
ticipants more likely than short-term partici-
pants to have been nondrinkers (OR = 1.8,
95% CI = 1.2, 2.9; P = .006) and nonsmokers
(OR = 2.4, 95% CI = 1.5, 3.7; P = .001) dur-
ing pregnancy.

Of the 5 multivariate models used to
examine long-term program participation,
those pertaining to the women’s psychologi-
cal functioning and informal social support
networks revealed no significant associa-
tions. However, several characteristics were
found to be associated with the women’s
duration of program participation in the
3 remaining models (Table 2). The sociode-
mographic model revealed that long-term
participants were more likely than short-
term participants to have been African Amer-
ican, married, and enrolled in the program
during their second trimester of pregnancy.
After adjustment for potential confounders,
the perceived needs and substance use mod-
els revealed that long-term participants were
more likely than short-term participants to
have had emotional and instrumental social
support needs and to have been nonsmokers
during pregnancy.
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TABLE 1—Sociodemographic Characteristics of Short-Term (n = 152) and Long-Term (n = 221) Participants:The North
Carolina Maternal Outreach Worker Program, 1992–1995

Short Term, Long Term, Crude Odds Ratio
Characteristic No. (%) No. (%) (95% Confidence Interval) P

Age, y
12–17 72 (46) 85 (54) 1.3 (0.8, 2.1) .223
18–19 26 (34) 51 (66) 1.7 (0.9, 2.9) .078
≥20 54 (39) 85 (61) Referent

Race/ethnicity
African American 70 (33) 142 (67) 2.3 (1.4, 3.5) .001a

Other 13 (43) 17 (57) 1.5 (0.7, 3.2) .358
White 69 (53) 62 (47) Referent

Educationb

Less than high school 102 (39) 161 (61) 1.4 (0.6, 3.6) .459
High school 40 (45) 49 (55) 1.1 (0.4, 3.0) .847
More than high school 9 (47) 10 (53) Referent

Marital status
Married 13 (30) 30 (70) 1.7 (0.8, 3.3) .136
Unmarried 139 (42) 191 (58) Referent

Employment status (part or full time)b

Employed 18 (44) 23 (56) 0.9 (0.4, 1.6) .642
Unemployed 132 (40) 197 (60) Referent

Monthly family income, $b

<1000 20 (40) 30 (60) 1.0 (0.5, 1.8) .957
≥1000 99 (40) 146 (60) Referent

Gestational age at program entry, wkb

1–13 17 (43) 23 (57) 1.2 (0.6, 2.5) .601
14–26 81 (37) 138 (63) 1.5 (1.0, 2.4) .070
≥27 53 (47) 59 (53) Referent

aP ≤ .001 denotes statistical significance (Cochran Mantel–Haenszel χ2 test).
bResults reported on available data; some participant data missing.



Discussion

The majority of our findings specific to
sociodemographic characteristics, psycho-
logical functioning, substance use, and social
support networks are consistent with those
previously reported in studies of attrition in
prevention programs.5–11 However, past stud-
ies also have reported associations between
other sociodemographic factors, such as
age,6,8,10,11 employment status,6 income,11 and
education level,11 and duration of program
participation, findings that were not sup-
ported by our data. These inconsistencies are
probably related to differences in the compo-
sition of the study samples, the sampling
schemes, and the type of program under
investigation.

Our findings regarding gestational age
could signify that women bonded better with
their home visitors given the additional
length of time they were enrolled in the pro-
gram. Moreover, our observations regarding
substance use suggest that there may be a

need to enhance tobacco prevention initia-
tives in the Maternal Outreach Worker Pro-
gram. However, it also is possible that the
needs of women who use tobacco during
pregnancy exceed the services that can be
provided to them by home visitors.

In terms of social support, the observa-
tion that emotional and instrumental types of
support may be more important components
of home visitation programs than informa-
tional support does not imply that the latter
was not valuable to participants. Rather, it
may be that the women’s informational sup-
port needs were being met by sources other
than home visitors (e.g., other publicly funded
programs).

Our study must be viewed in light of its
limitations. All of the data were obtained
from personal interviews and were subject to
biases associated with self-reported informa-
tion.21 Furthermore, we were unable to mea-
sure possible program-related factors that
may have contributed to the observed attri-
tion, such as scheduling conflicts between

participants and home visitors or smokers
being less receptive to the program’s anti-
smoking messages. Finally, it should be
noted that the odds ratios generated in this
study pertained to an outcome that was not a
rare event; therefore, odds ratios would tend
to be larger than relative risk estimates.

Despite its limitations, this study suggests
that certain groups of women, such as those
with greater social support needs and healthier
behaviors, appear to be more receptive than
other groups to long-term maternal home visi-
tation services. Future Maternal Outreach
Worker Program efforts should focus on
strategic planning that aims at retaining groups
of women, such as smokers, who are more
likely to drop out of the program.
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Objectives. This study used a large,
population-based data set (n = 619455)
to establish reference standards of the
timing of spontaneous vaginal births.

Methods. Low-risk births in Mass-
achusetts from 1989 to 1995 were stud-
ied. This group comprised 242 276
births that met the following criteria:
singleton, vertex, vaginal births with
a birthweight of between 2500 and
4000 g; gestation between 37 and 42
weeks; a 5-minute Apgar score greater
than 6, and no induction or stimulation.

Results. Low-risk births displayed
a mild circadian pattern, with a peak
between 11:00 AM and 1:00 PM and a
trough between 11:00 PM and 1:00 AM.
Subgroup analysis showed no clear dif-
ferences except for parity.

Conclusions. Reference standards
should be developed and used as com-
parative norms for hospital and prac-
tice-based perinatal studies of diurnal
patterns of birthing. (Am J Public
Health. 2000;90:124–126)

A B S T R A C T Marlene Anderka, MPH, Eugene R. Declercq, PhD, and Wendy Smith, MD, MPH

A Time to Be Born

Is there a natural pattern to the timing
of birth? This question has been the subject
of a variety of research efforts, with empiri-
cal studies dating back to at least 1848.1

Past research has generally been divided
between studies examining the time of birth
and those documenting the time of the
onset of labor. Combining both would be
ideal and would permit examination of the
length of labor.2 The difficulty in reliably
defining the onset of labor in a large data
set, however, has resulted in a preponder-
ance of studies focusing on time of birth.
This study, based on all births in Massachu-
setts between 1989 and 1995, represents a
broader cross section of births than most
studies. The large data set reduces both the
random variation characteristic of smaller
data sets divided into 24-hour periods and
biases from peculiarities of local popula-
tions and practices.

Examination of these circadian rhythms
is relevant for 3 types of perinatal health
research: first, research seeking physiologic
mechanisms for onset and length of labor as
well as specific outcomes, including still-
birth and neonatal death,3 preterm birth,4

and premature rupture of the membranes5,6;
second, research gauging the impact of

exogenous factors, such as induction and
stimulation of labor and cesarean deliveries,7

“physician convenience,”8,9 the number of
hours of sunlight, and seasons of the year,10

on the timing of birth; and third, research
considering opportunities for maternity
staffing patterns to be better linked to birth
timing.11 This brief will provide reference
data for research examining underlying
physiologic patterns, the potential for better
staffing plans, or the influence of exogenous
factors on the timing of birth.
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Methods

We chose to establish a reference group
of low-risk, spontaneous vaginal births that
were least likely to involve interventions that
would alter natural birth timing. Our refer-
ence group consisted of births that met the
following criteria: singleton, vertex, vaginal
births with a birthweight of between 2500
and 4000 g; gestation of between 37 and
42 weeks; a 5-minute Apgar score greater
than 6; and no induction or stimulation. We
also removed women who were diabetic or
had complications of labor and delivery
from the low-risk group. The resulting data
set contained 242 276 cases, which were
examined overall and by subgroup.

We plotted the data to identify overlap in
subgroup trends. The intensity of the cyclic
patterns was quantified by a technique devel-
oped by Edwards.12

Results

Figure 1 presents the timing of sponta-
neous vaginal births and of all births in Massa-
chusetts from 1989 to 1995. For all births, there
was a clustering around times associated with
planned cesarean births (i.e., 7:00 AM to 9:00 AM)
and there were fewer births in the late-night and
early-morning hours. Interestingly, the births
involving less intervention were not distributed
evenly or in a random fashion. There was a
slight increase in these births between 9:00 AM

and 3:00 PM, with a peak between 11:00 AM

and 1:00 PM. These births were least common
between 7:00 PM and 1:00 AM. Low-interven-
tion births between 11:00 AM and 1:00 PM were
1.23 times more common than births around
11:00 PM to 1:00 AM.

Was the timing of birth related to traits
(age, race/ethnicity, parity), background (edu-
cation), or prenatal behavior (adequacy of care

as measured by the Kessner index,13,14 smok-
ing) of the mother? Only in the case of parity—
specifically, primiparas vs multiparas—did
different patterns emerge. Figure 2 presents
these parity-specific patterns. The peak for
primiparas was shifted about 8 hours to the
right of the curve for multiparas; that is, the
birth time for primiparas peaked between noon
and 4:00 PM, while births to multiparas showed
a steady peak between 3:00 AM and 9:00 AM.
Given the crossover of parity-specific patterns,
parity-specific reference standards are clearly
preferable to one overall standard.

The ratios obtained when we applied the
Edwards method to the Massachusetts birth
data confirmed the relative intensity of the pat-
terns (reference = 1.208, all births = 1.501).
The ratios for the primiparous and multiparous
women in the low-risk group were 1.300 and
1.287, respectively. These ratios can be com-
pared via assessment of differences between
study subgroups and between reference and
study groups.

Other analyses not shown here examined
time of birth by season and by day of the week.
Patterns for both parity groups were consistent
over the seasons. Analysis by day of the week
revealed a lower proportion of births on week-
end days than on weekdays; this was true for
both primiparous and multiparous women.
Time-of-birth patterns varied between week-
end days and weekdays for both parity groups.
For primiparous women, the time of birth was
about 3 hours earlier on the weekend than on
weekdays; for multiparous women, the time of
birth was about 4 hours earlier on the weekend
and the cyclic pattern was more intense than
during the week.

Discussion

These findings present the results of the
first population-based US study of birth tim-
ing and provide a reference group for future
analyses of circadian patterns of birth. Birth
certificates are a logical source from which
to derive standards, because they meet crite-
ria for ideal reference data.15 Research on the
quality of birth certificate data following the
1989 standard certif icate revision has
focused primarily on the early years after the
changes and has found variable reporting on
some items (e.g., alcohol use and medical
history), although we found no study that
examined time of birth.16,17 Massachusetts
birth certificates do not contain measures of
onset or length of labor; therefore, they can-
not help to establish patterns for these occur-
rences. Also, they do not currently include a
category for labor medications beyond the
identification of births involving induction
or stimulation.

FIGURE 1—Percentage of births in Massachusetts from 1989 to 1995 by hour of
day: all births vs low-risk births.

FIGURE 2—Percentage of low-risk births in Massachusetts from 1989 to 1995
by hour of day: primiparous vs multiparous women.
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The distribution of low-risk, sponta-
neous vaginal births displayed a circadian
pattern, with the most common time period
from 9:00 AM to 3:00 PM and a trough
between 7:00 PM and 1:00 AM. There were
also distinctly different patterns for primi-
paras and multiparas. These findings differ
from those of other major studies, such as
that of Kaiser and Halberg, who in 1962 sum-
marized the results of 10 different studies of
the hour of birth covering a 112-year period
and more than 600000 cases.1 They reported
an overall early-morning (2:00 AM– 4:00 AM)
peak in spontaneous births, although the
3 most recent studies they cited, all from the
United States, showed a pattern more similar
to ours than their overall findings. Glattre and
Bjerkedal’s 1983 examination of 617 306
Norwegian births18 also found an early-morn-
ing peak (4:00 AM–6:00 AM). They also found
a greater midday peak for primiparas and a
greater early-morning peak for multiparas,
similar to what we found. Older studies could
contain a higher proportion of multiparous
births, which would account for the earlier
peak observed in these studies. Research has
suggested little difference in the time of onset
of labor for primiparas and multiparas10 and a
generally shorter labor for multiparas,19

which may account for some of the differ-
ences in time of birth.

Possible social and physiologic mecha-
nisms for different weekday vs weekend pat-
terns have been discussed in the literature.1,20–22

Alternatively, these findings by day of the week
could indicate that our reference group con-
tains residual effects of interventions.

Reference standards such as those devel-
oped here should be used as comparative
norms for hospital and practice-based studies
of temporal patterns of birthing. Separate

standards should be used for primiparous and
multiparous women to avoid the masking of
effects.

Contributors
M. Anderka was involved in the conception and
design of the study, data analysis and interpretation,
and writing of the paper. E. Declercq was involved
in the conception and design of the study and writing
of the paper. W. Smith provided clinical expertise
and data analysis and interpretation.

References
1. Kaiser IH, Halberg F. Circadian periodic

aspects of birth. Ann N Y Acad Sci. 1962;98:
1056–1068.

2. Nesheim BI. Duration of labor: an analysis of
influencing factors. Acta Obstet Gynecol
Scand. 1988;67:121–124.

3. DePorte JV. The prevalent hour of stillbirth. Am
J Obstet Gynecol. 1932;23:31–37.

4. Cooperstock M, England JE, Wolfe RA. Circa-
dian incidence of labor onset hour in preterm
birth and chorioamnionitis. Obstet Gynecol.
1987;70:852–855.

5. Cooperstock M, England JE, Wolfe RA. Circa-
dian incidence of premature rupture of the
membranes in term and preterm births. Obstet
Gynecol. 1987;69:936–941.

6. Shettles LB. Hourly variation in onset of labor and
rupture of membranes. Am J Obstet Gynecol.
1960;79:177–179.

7. Heres MHB, Pel M, Borkent-Polet M, Mirmi-
ran M. The timing of birth: association of
obstetric intervention with the circadian and
circaseptan rhythms of the moment of birth. In:
Pel M, Heres MHB, eds. OBINT: A Study of
Obstetrical Interventions. Amsterdam, the
Netherlands: Thesis Publishers; 1995:120–162.

8. Evans M, Richardson D, Sholl J, Johnson B.
Cesarean section: assessment of the conve-
nience factor. J Reprod Med. 1984;29:670–676.

9. Fraser W, Usher R, McLean F, et al. Temporal
variation in rates of cesarean section for dysto-

cia: does “convenience” play a role? Am J
Obstet Gynecol. 1987;156:300–304.

10. Cagnacci A, Soldani R, Melis GB, Volpe A.
Diurnal rhythms of labor and delivery in
women: modulation by parity and seasons. Am
J Obstet Gynecol. 1998;178:140–145.

11. Charles E. The hour of birth. Br J Prev Soc
Med. 1953;7:43–59.

12. Edwards JH. The recognition and estimation of
cyclic trends. Ann Hum Genet (London). 1961;
25:83–87.

13. Kessner D, Singer J, Kalk C, Schesinger E.
Infant Death: An Analysis by Maternal Risk and
Health Care. Washington, DC: Institute of
Medicine; 1973.

14. Kotelchuck M. An evaluation of the Kessner
Adequacy of Prenatal Care Index and a pro-
posed adequacy of prenatal care utilization
index. Am J Public Health. 1994;84:1414–1420.

15. Gibson RS. Principles of Nutritional Assess-
ment. New York, NY: Oxford University Press;
1990:209–246.

16. Bueschler PA, Taylor KP, Davis MH, Bowling
M. The quality of the new birth certificate data:
a validation study in North Carolina. Am J Pub-
lic Health. 1993;83:1163–1165.

17. Parrish KM, Holt VL, Connell FA, Williams B,
LoGerfo JP. Variations in the accuracy of
obstetric procedures and diagnoses on birth
records in Washington State, 1989. Am J Epi-
demiol. 1993;138:119–127.

18. Glattre E, Bjerkedal T. The 24-hour rhythmicity
of birth. Acta Obstet Gynecol Scand. 1983;
62:31–36.

19. Albers L, Schiff M, Gorwoda J. The length of
active labor in normal pregnancies. Obstet
Gynecol. 1996;87:355–359.

20. Macfarlane A. Variations in number of births
and perinatal mortality by day of week in Eng-
land and Wales. Br Med J. 1978;2:1670–1673.

21. Ruffieux C, Marazzi A, Paccaud F. The circadian
rhythm of the perinatal mortality rate in Switzer-
land. Am J Epidemiol. 1992;135:936–951.

22. Paccaud F, Martin-Berran B, Gutzwiller F. Hour
of birth as a prognostic factor for perinatal
death. Lancet. 1988;8581:340–343.


