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THE RELATION BETWEEN ADOLESCENT PREGNANCY
AND NEONATAL BEHAVIORAL STATE
(ABSTRACT)
by Lisa Daleo

Disproportionately large numbers of infants showing atypical growth
patterns are reportedly born to young mothers. Infants with these atypical
growth patterns consistently show differences in measures of infant
state. The purpose of this study was to examine the relation between
maternal age and infant state. The behavioral state of 61 newborn infants
was rated at 30-sec. intervals using Thoman's (1975) state scale during
a one-hour observational session. The total number of epochs in quiet
sleep, active sleep, alert, transitions from quiet sleep to active sleep,
transitions from active sleep to quiet sleep, and the range of states for
each infant were regressed on maternal age in an attempt to demonstrate
a quadratic relation between infant state and maternal age. The regression
analysis showed that maternal age could not predict any of the state
measures. However, in this study, maternal age and poverty were
confounded. An overrepresentation of biomedical risk factors may have
concealed differences in infant behavioral state. Exploratory regression
analysis did not provide a meaningful interpretation of the relation
between the biomedical risk factors and infant state measures. However,
this study provides indirect support for the hypothesis that atypical
patterns of fetal growth in infants born to adolescent mothers may be
explained, in part, by a decreased net availability of nutrients resulting

from the mothers growth needs and the growth needs of her fetus.
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Introduction

For several decades studies have reported that the offspring of
adolescent mothers are a medically, socially, and developmentally
disadvantaged population (Dott & Fort, 1976; Dwyer, 1974; McLaughlin,
Sandler, Sherrod, Vietze & O'Connor, 1979). For example, adolescents have
been noted to be at risk for delivering premature, low birth weight, and
small-for-date newborns (Garn & Petzold, 1983; Horon, Strobino &
MacDonald, 1983; McAnarney, 1985). Similarly, some investigators have
reported that adolescent pregnancies are more likely to result in
perinatal and postnatal complications than those of older women (Babson
& Clarke, 1983; Mednick, Baker & Sutton-Smith, 1979).

During infancy, the children of adolescent mothers more frequently
suffer physical neglect, such as inadequate nutrition and inattentiveness
to health care needs when compared with older women (Miller, 1984).
Moreover, the degree to which adolescent pregnancy contributes to
developmental delays has serious implications for the young mcther who
is socially, psychologically, and economically less equipped to assume
the responsibilities of parenthood than more mature women (Merritt,
Lawrence & Naeye, 1980; Vaugn, Crighton & Egeland, 1982).

Despite these handicaps, there are approximately 600,000 infants
born to adolescents each year; this figure represents an estimated
one-fifth of all births in the United States (Richmond, 1979). While the

birth rates for adolescents (<19 yr.) have recorded recent declines
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(Division of Vital Health Statistics, 1984), the rates remain at high
levels for the very young adolescent, under the age of 15 (Committee to
Study the Prevention of Low Birth Weight, 1985). The recognition that
childbearing during adolescence entails high health and social risks for
both the mother and child has provided an impetus into the investigation
of the possible mechanisms contributing to the young mothers'
reproductive disadvantage.

In examining the relationship between the social and medical
consequences associated with young maternal age (<18 yr.) and infant
health and development, pediatric risk factors such as inadequate
prenatal care and poor health habit patterns have become associated with
poor pregnancy and neonatal outcome (Dwyer, 1974; Zuckerman, Alpert,
Dooling, Hingson, Kayne, Morelock & Oppenheimer, 1983). For example,
fetal malnourishment may be attributed to insufficient supplies of
essential nutrients in utero, impaired placental transport, or inadequate
metabolization of existing nutrients (Naeye, 1981; Winick, 1968). Because
these factors are associated with inadequate maternal nutrition and/or a
deficiency of placental function (Frisancho, Matos & Bolletino, 1984),
the quality of prenatal care has been implicated in indirectly influencing
fetal growth patterns (Adenowore, Courey & Kime, 1972; Lechtig, Hebicht,
Delgado, Klein, Yarborough & Martorell, 1975). Further, the effects of
maternal nutrition on fetal weight gain may be most pronounced during the
last trimester of pregnancy (Gruenwald, 1968), since it is during this
time that 67% of fetal weight gain is achieved (Greenhill, 1965). Prenatal
care is thought to be most effective in reducing the chance of low

birthweight among high-risk women, whether the risk derives from medical
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factors, sociodemographic factors, or both (Committee to Study the
Prevention of Low Birth Weight, 1985; Elster, 1984). The importance of
ensuring access to prenatal care is highlighted by the newly invoked
public act in Michigan which waives the requirement of parental consent
for minors seeking medical services (Marr, 1985).

More current investigations in the United States and Britain have
demonstrated a complex and pervasive relation between maternal age,
economic class, and obstetric experience (Lester, Garcia-Coll & Sepowski,
1982; Roosa, 1982, 1984). For example, Mednick's cross-study of one
American and one Danish review indicates a linear relation between
maternal age and neonatal mortality rates for adolescent mothers.
However, low socioeconomic status, and thus inferior medical treatment
among pregnant teenagers are believed to contribute to these elevated
mortality rates (Mednick et al, 1979). Moreover, in an extensive review,
Birch and Gussow (1970) discuss the predictive accuracy of the
socioeconomic environment and its influence on both prenatal and
postnatal environments. For example, perinatal complications have been
found to be related to later development when combined with poor
environmental circumstances (Sameroff & Chandler, 1975). Other analyses
attribute the long-term ethnic disadvantages reported among children of
Black adolescent mothers to economic instability (Garn, Shaw & McCaabe,
1977; Moore, Peterson & Nord, 1985).

Young maternal age (<17 yr.) has also become associated with biologic
inadequacy, such as cephalopelvic disproportion. This, in turn, is
associated with poor pregnancy outcome. For example, a significant

increase of low birth weight infants at both younger gynecologic and
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chronologic ages has been attributed to physiologic immaturity (American
Academy of Pediatrics, 1979; Zlatnick & Burmeister, 1976).

New evidence suggests that the impact of teenage childbearing is
profound only in the very young (<15 yr.) adolescent. Medical and
behavioral factors such as amniotic fluid infections, abruptio placentae,
and a deficiency of placental function may explain the young adolescent's
reproductive disadvantage. These factors are thought to result from an
interaction between nutritional deprivation and a maternal-fetal
competition of nutrients (Frisancho, et al, 1984; Naeye, 1979; Naeye,
Harkness & Utts, 1977; Naeye & Peters, 1978). Further, since the young
mother has not reached full physiological maturity, her nutritional needs
may be even greater than those of older women (Naeye, 1981). For example,
the greater inability to deliver nutrients to the fetus for the young
mother appears to be due to a deficiency of placental function, which is
further attributed to physiologic immaturity (Frisancho, Matos, Leonard
& Yaroch, 1985). Prospective analyses indicate that this increased
requirement competes with the growth needs of the developing fetus, thus
accounting for the majority of low birth weight and small-for-date infants
born to young adolescent women (Frisancho et al, 1984; Frisancho, Matos
& Flegel, 1983; Lawrence & Merritt, 1981).

Anthropometric Assessment of Risk

Investigators concerned with both the etiology of nonoptimal
neonatal outcomes and neonatal condition at birth have recently
recognized the significance of the assessment techniques adopted for
analyses. Traditionally, gestational age and birth weight have been

important indices of the quality of fetal development in adolescent
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mothers. The term "preterm" suggests a short gestational age, whereas
the term "low birth weight" is applied to newborns weighing under 2,500
grams. Large numbers of low birth weight and preterm infants are
reportedly born to young mothers (Committee to Study the Prevention of
Low Birth Weight, 1985).

An alternative measure of intrauterine growth retardation and
acceleration, sensitive to the effects of prenatal malnutrition, is
Rohrer's Ponderal Index, or PI (in Brazelton, Parker & Zuckerman, 1976).
Rohrer's Ponderal Index is a ratio of birth weight (in grams) x 100/the
cube of crown-heel length (in centimeters). The essential components of
this ratio are weight and length. This measure has been used to
differentiate atypical patterns of fetal growth associated with a subtle
form of prenatal malnutrition (Lester et al, 1982; Lester, Garcia-Coll,
Valcarcel, Hoffman & Brazelton, 1986; Zeskind, 1981; Zeskind & Ramey,
1978). A weight-length ratio of less than 2.17 for 37 weeks' gestation
may be indicative of a late gestational nutritional deficiency and thus
may enable a more accurate delineation of morphological changes produced
by fetal malnutrition (Miller & Hassanein, 1971, 1973). By contrast, the
weight-for-age norms alone are not valid measures of skeletal and
soft-tissue growth in utero if there is an excess or reduction in
soft-tissue mass (Miller & Hassanein, 1971). Thus when weight-for-age
norms are the only measures used in the diagnosis of fetal malnutrition,
a significant proportion of severely malnourished infants are excluded.
For example, the skeletal sizes and birth weights of large-sized infants

may be above the cutoff values for diagnosis. Further, in contrast to
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weight-for-age norms, this index is not significantly affected by ethnic
background, sex, fetal age, or parity.
Behavioral Assessment of Risk

A considerable literature has demonstrated the validity of the
Neonatal Behavioral Assessment Scale (Als, Tronick, Lester & Brazelton,
1979) in describing both qualitatively and quantitatively the
biobehavioral organization of infants with anthropometric signs of risk
(e.g., Vaugn, Crighton & Egeland, 1982; Widmayer & Field, 1980; Zeskind,
1980). For example, Zeskind (1980) found that full-term
underweight-for-length and overweight-for-length infants, as determined
by the Ponderal Index, demonstrated characteristically poorer performance
on the five NBAS dimensions in comparison to average-weight-for-length
newborns. Moreover, as a group, low- and high-PI infants showed poorer
motor integration, muscle tonus, extreme responses in state to various
stimuli, and increased startles. Infants with atypical patterns of fetal
growth also show a poorer quality of alert responsivity, require more
input'to maintain an alert state, and show decreased stability in state
behavior in comparison to infants of appropriate fetal growth (Lester et
al, 1986).

Infant State. As indicated, the assessment of behavior may reveal
important information concerning the infant's neurological status at
birth. For example, in unstimulated conditions, neurologically impaired
infants have been found to exhibit unstable state sequences and
dissociated states similar to those seen during the neurological
examination (Prechtl, 1982). The concept of state is fundamental to a more

complete understanding of the complex behavioral repetoire of the
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newborn. This concept refers to "hypothetical processes within the
organism which mediate its interactions with the environment, both
internal and external" (Thoman, Denenberg, Zeiderand & Baker, 1980, p.
45). Because the temporal organization of sleep states, as evidenced by
regular recurrences of specific events, appear to be endogenous in human
infants and adults, this component is recognized as a critical aspect of
behavior (Stern, Parmelee & Harris, 1972). These system states may be
recognized through their effect on spontaneous behavioral output
(Prechtl, 1982). In addition, both the age at first identification and
variables related to sleep states have been suggested as indexes of
neurological integration and central nervous system functioning (Parmelee
& Stern, 1972; Stern et al, 1972).

The major sleep-waking states in infancy consist of quiet sleep,
active sleep, drowsiness, alertness, fussiness, and crying (Scanlon &
Sostek, 1979). Behavioral state activity has frequently been obtained
from electrophysiological procedures or from the use of both direct and
indirect behavioral observations of sleep, including monitoring by
activity monitors or timelapse movies in the home or hospital environment
(Anders, Keener, Bowe & Shoaff, 1983; Anders & Sostek, 1976).

The rationale for focusing on biobehavioral state is multifaceted.
First, a relationship between state organization and a variety of indirect
measures of central nervous system functioning, including EEG, heart
rate, respiration, and EMG patterns has been documented (Prechtl,
Akiyama, Zinkin & Kerr, 1968; Stern, Parmelee, Akiyama, Schultz & Wenner,
1969). Second, neurological developmental changes are accompanied by

changes in behavioral state, e.g., age-related changes in the amount of
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REM sleep between 28 weeks gestation and one month post-term
(Petre-Quadens, DeLee & Remy, 1971). Third, neurological impairments are
associated with dysfunctional state behaviors, e.g.,
small-for-gestational age newborns show an immature EEG pattern (Schulte,
Hintze & Schrempf, 1972). Lastly, the newborn's state also appears to
affect sensory responsivity, motoric output, reflexive behaviors, and
social interaction (Scanlon & Sostek, 1979). For example, in an attempt
to assess the influence of risk factors on neonatal behavior as determined
by the NBAS, DiVitto and Goldberg (1979) found that preterm infants
displayed poorer motoric control, more abnormal reflexes, and less
autonomic regulation than infants born at term.

Available data depicting patterns and durations of state transitions
provide a basic picture of the organization of infant state. Thus, marked
deviations in the frequency and nature of transitions may be useful in
recognizing high risk infant groups. Indeed, Thoman, Korner and Kraemer
(1976) report one infant who demonstrated a consistently increasing rate
of state change over several weeks subsequently died of Sudden Infant
Death Syndrome (SIDS). Also, in this context, Thoman et al (1980) studied
the predictive utility of neonatal states using an empirical measure of
consistency in state organization. They were able to recognize
inconsistencies in state in four of their infant subjects that were
related to later dysfunction and mortality.

Shirataki and Prechtl (1977) studied the transitions from State 1
to State 2 and from State 2 to State 1 in 11 full-term newborn infants,
six at risk, five low risk (e.g., suffering from neurological syndromes).

These researchers suggested that knowledge of the morphology of the epochs
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around state transitions (e.g., their duration and sequence) would
contribute to an understanding of the properties of underlying regulatory
mechanisms. Although they were unable to identify any single variable
which consistently followed or preceeded a change in any other specific
variable, sequences were found in abnormal neonates which were not
observed in normal infants. For example, although the mean durations of
State 1 to State 2 peritransitional periods were found to be shorter than
the reverse peritransitional epochs in all infant subjects, this
difference was more pronounced in the at-risk group than in the low-risk
group. Moreover, they observed an inversion of the sequential order of
events during peritransitional periods in some cases of the abnormal
infants that were not observed in normal infants.

Infant behavioral state has also been implicated in the
developmental outcome of infants. Inherent in the infants' behavioral
state is a behavioral repertoire for social interaction with his/her
caregiver(s). For example, growth retarded infants are behaviorally
withdrawn (Zeskind & Ramey, 1978, 1981), and exhibit abnormal cry sounds
(Zeskind, 1981).

In similar analyses, Thomas, Birch and Chess (1968) identified a
"difficult" infant temperament type that includes frequent episodes of
crying and sleep irregularity, partly manifested by frequent transitions
between sleep and wakefulness. Snow, Jacklin and MacCoby (1980)
demonstrated that these negative tendencies may persist up to three years.
Behavioral characteristics, such as responsiveness and alertness, are
related to the evolution of early reciprocity between mothers and their

infants (Field, Windmayer, Stringer & Ignatoff, 1980; Thompson, Cappelman
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& Zeitshel, 1979). Moreover, neonatal behavioral state organization has
been related to the quality of mother-infant interaction at three, six,
eighteen, and twenty-four months of age (Vaugn et al, 1982; Zeskind &
Ramey, 1981).
Summary and Hypotheses

The purpose of this study was to assess the relation between young
adolescent pregnancy and neonatal behavioral state. This study
supplemented the traditional use of medical measures with a behavioral
assessment technique to possibly achieve a more sensitive measure of
nervous system integrity, and thus achieve a more accurate account of
those infant groups born to adolescent mothers that may be at risk for
nonoptimal development (Prechtl, 1982). This study examined whether
infants born to young adolescent mothers differed from infants born to
older adolescent and postadolescent mothers on measures of infant state.
To the extent that age-specific physiologic factors, including a
fetal-maternal competition for essential nutrients, are associated with
adolescent pregnancy, this study expected to demonstrate subtle
differences between infants born to adolescent and postadolescent mothers
on measures of infant state. Previous investigations have demonstrated
an inverse relation between maternal age and reproductive risk, which is
U or J-shaped, with respect to maternal age (Nortman, 1974; Mednick et
al, 1979). The hypotheses of this study were that maternal age would show
a quadratic relation to 1) the number of epochs spent in quiet sleep by
the infant, 2) the number of epochs spent in active sleep by the infant,

3) the number of transitions from quiet sleep to active sleep by the
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infant, 4) the number of transitions from active sleep to quiet sleep by

the infant, and 5) the range of the six states for the infant.
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Method
Subjects

The subjects for this study consisted of 62 (25 male, 37 female)
full-term singleton neonates. The subjects were randomly selected from a
state-sponsored clinic for indigent mothers in Roanoke, Virginia. All
subjects were considered pediatrically healthy by standard pediatric
examinations. All cases with the following nonutritional factors that
appear to affect fetal growth were excluded from the analyses: neonatal
congenital malformations, maternal diabétes mellitus, hydramnios, and
oligohydramnios. Infants were not observed within six hours of
circumcision.

Mothers were invited to participate in the study on the first,
second, or third day of the lying-in period following the birth of their
child. Of the 81 subjects data was obtained for, 62 met the criteria of
this study. The sample totaled four 15 year olds, twenty 16-19 year olds,
and thirty-eight 20-32 year olds. Consent for participation was obtained
from the mothers of all infants in their rooms (see Appendix A). At this
time mothers were informed as to the nature, importance, and length of
the study.

Information on the mothers, the course of the pregnancy, and the
infants was obtained from the medical and obstetrical records. In cases
where prenatal treatment was performed in different locations, the

principle investigator arranged disclosure of information pertinent to

12
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the study with the director of medical records. This information was
recorded on the Maternal and Neonatal Factors form (see Appendix B).
Procedure

A sixty-minute observational session was required for all infants.
One-hour observations appear to provide reliable information concerning
the initial integrity of the newborn's behavioral system (Thoman et al,
1976). Infants were observed in the normal newborn nursery. Infants were
removed from their incubator by available nursing personnel and placed
in a temperature-controlled warmer in a supine position. The observation
period began five to ten minutes following placement. This period allowed
the infant to calm after being handled by the nurse(s).

Four trained observers participated in state observation throughout
this study. Three of the four observers were blind to the hypotheses of
the study and to the obstetric and neonatal histories. State was
determined every 30-sec by the consensus of two trained observers based
on the 10-sec observational epoch immediately preceding state
determination (Zeskind, 1983). Infant state was based on body movement,
eye movement, and respiratory patterns, according to Thoman's (1975)
11-pt. state scale (see Appendix C). This scale was developed through
observations of unstimulated infants to assess their condition at birth.
The data was converted to Brazelton's (1973) 6-pt. state scale (see Table
1) for comparison with other studies, whereas the converse transformation
was not possible. Interobserver reliability of the state observations
was determined on sixteen of the sixty-two infants, 25% of the sample.
Observers were blind to each others state observations. The reliability

coefficient, calculated as the proportion of total judgments on which the
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two observers agreed upon, divided by the total number of observations,
equaled .98 for the 11l-pt. scale, with a range from 92% to 100% and .99

for the 6-pt. scale, with a range from 94% to 100 % per observation

session.
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Table 1.

State Scale Conversion.

Brazelton (1973) Thoman (1975)

Quiet Sleep Quiet Sleep A

Quiet Sleep B

Active Sleep Active Sleep (No REM)
Light REM
Dense REM

Drowsy Drowsy
Indefinite

Alert Alert Inactivity

Alert Activity

Fussing Fussing

Crying Crying
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Results

T-tests were performed to examine whether infants born to Black and
White adolescent and postadolescent mothers differed on 1) the number of
epochs spent in quiet sleep, 2) the number of epochs spent in active
sleep, 3) the number of transitions from quiet to active sleep, 4) the
number of transitions from active to quiet sleep, and 5) the range of the
six states. As presented in Table 2, no significant differences were found
between the two ethnic groups. Thus, the data for infants born to black
and whitetopthers were grouped together.

The hypotheses of this study were that maternal age would show a
quadratic relation to 1) the number of epochs spent in quiet sleep, 2)
the number of epochs spent in active sleep, 3) the number of transitioms
from quiet to active sleep, 4) the number of transitions from active to
quiet sleep, and 5) the range of the six states. It should be noted that
the intercorrelation between the number of transitions from quiet to
active sleep and from active to quiet sleep, r =.99, p <.001, (n = 61),
indicates that these measures account for the same variance. As presented
in Table 3, maternal age did not predict a significant proportion of the
variance in all measures of infant state. There was not a quadratic
relation between maternal age and any of the measures of infant state.

These results do not provide direct support for the hypotheses of this

study.

16



17 Behavioral State

Table 2.

Means, standard deviation, and t—tests for Ethnic Group

Ethnic Group

Blacks Whites
Dependent Variable (n = 15) (n = 47) t P

Quiet Sleep

M 47.1 43.3 0.50 n.s
SD 16.5 18.2

Active Sleep
M 66.8 66.5 0.10 n.s.
SD 20.0 22.6

Range of States
M 1.5 1.4 0.31! n.s.
SD 0.7 1.2

Transitions from Quiet

Sleep to Active Sleep
M 11.8 12.1 0.21 n.s.
SD 5.9 5.6

Transitions from Active

Sleep to Quiet Sleep
M 11.6 12.0 0.24 n.s.
SD 5.9 5.4

1The t value and degrees of freedom have been corrected for
nonhomogeneous variances (Cochran & Cox, 1957).
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Table 3.

Behavioral State

Quadratic Redgressions for the prediction of state

measures from Maternal Age.

Quadratic Regression Statistics

Dependent Variable

Quiet Sleep
Active Sleep
Range of States

Transitions from Quiet
Sleep to Active Sleep

Transitions from Active
Sleep to Quiet Sleep

F Signif
0.30 n.s
1.18 n.s
0.37 n.s
0.05 n.s
0.04 n.s
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Relation of Biomedical Risk Factors to Maternal and Infant Groups

Notably, the infants in this study were obtained from a clinic for
an indigent population. Thus, this study was selected from a population
of low-income mothers with a high proportion of complicated pregnancy
cases. Any differences between infants born to adolescent and
postadolescent mothers may have been concealed by potential similarities
in biomedical risk status among these maternal groups. Post hoc
exploratory analyses were conducted to examine whether biomedical risk
factors were similar for adolescent and postadolescent maternal and
infant groups. Mothers were stratified into the following age groups:
15-19 yrs. and 20-32 yrs. Based on previous findings demonstrating a
relation between certain risk factors and nonoptimal neonatal outcomes
(e.g., Committee to Study the Prevention of Low Birth Weight, 1985;
Duenhoelter et al, 1980; Hardy & Mellitts, 1977; Lawrence & Merritt, 1980;
Merritt et al, 1980; Naeye, 1981), the following distribution of
biomedical risk factors were examined: cephalopelvic disproportion (CPD),
abruptia placentae, pregnancy risk status, cesarean section, alcohol use,
drug use, age at menarche, parity, pregravid weight, maternal weight gain,
third trimester weight gain, cigarette smoking, total number of prenatal
care visits, infant birth weight, gestational age, and Apgar scores at
one and five minutes.

Results of Chi-square analyses indicated that one of the six maternal
variables significantly differentiated the two maternmal groups. Young
mothers were more likely to be diagnosed as having CPD than older mothers,

X2(1) = 4.99, p < .02. There were no significant differences among the

groups in abruptia placentae, X?(1) = 2.65, p < .10, pregnancy risk
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status, X?(3) = 5.65, p < .13, cesarean section, X?(1) = 0.01, p < .91,
alcohol use, X*(1) = 0.04, p < .84, or drug use, X2(1) = 1.10, p < .29.
The frequencies used in the Chi-square analyses are presented in Tables
4 and 5.

Results of t-tests indicated that the maternal groups differed on
two of the seven biomedical risk variables analyzed. First, young mothers
were more likely to begin menstruation earlier than older mothers, t(52)
= -2.48, p < .02. Second, young mothers were more likely to be primiparous
than older mothers, t(47) = -6.28, p < .001. No significant differences
were found between the groups on maternal pregravid weight, £(51) = -0.28,
p < .78, maternal weight gain, t(42) = -0.45, p < .15, third trimester
weight gain, £(49) = 0.25, p < .80, cigarette smoking, t(41) = -0.43, p
< .67, or total number of prenatal care visits, t(54) = 0.66, p < .51.
The means and standard deviations are presented in Table 6.

T-tests were conducted on infant risk variables. The means and
standard deviations for infant birth weight, gestational age, and Apgar
scores at one and five minutes are reported in Table 7. Results indicated
that infants born to young mothers had lower Apgar scores at one minute
than infants born to older mothers, t(28) = -2.81, p < .009. There were
no differences between the infant groups in Apgar scores at five minutes,
£(27) = -1.49, p < .15, infant birth weight, t(33) = 0.85, p < .40, or
gestational age, t = -0.27, p < .79. These results indicate that the
biomedical risk indices of infants born to young adolescent mothers were
similar to those of infants born to older adolescent mothers. Adolescent

and postadolescent mothers did not differ on nine of the thirteen
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Table 4.

Cell fredquencies for Pregnancy Risk Status by

Maternal Age Group.

Pregnancy Risk Status

Maternal
Age Group No At Low High
Adolescent 8 7 5 3
15 — 19 yrs.

Postadolescent 18 6 3 11

20 — 32 yrs.
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Table 5.

Cell frequencies for presence or absence of maternal

biomedical risk factors by Maternal Age Group.

Dependent Variable Present Absent

Alcohol Use
Adolescent 3 21
Postadolescent 4 33

Abruptia Placentae

Adolescent 2 22
Postadolescent 3 35
Cephalopelvic
Disproportion (CPD)!
Adolescent 3 21
Postadolescent 0 38

Cesarean Section

Adolescent 2 7
Postadolescent 3 13

Drug Use
Adolescent 2 22
Postadolescent 0 37

lp < .05
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Table 6.

Means and standard deviations for biomedical risk

facttors by Maternal Age Group.

Maternal Age Group

Adolescent Postadolescent
Dependent Variable 15 — 19 yrs. 20 — 32 yrs.
Age at Menarche!
M 12.5 13.4
SD 1.1 1.6
n 22 32
Cigarette Smoking
M 0.45 0.51
SD 0.63 0.53
n 23 35
Maternal Weight
Gain
M 31.4 26.7
sD 13.2 10.3
n 24 33
Number of Prenatal
Care Visits
M 9.8 : 9.0
SsD 4.4 5.0
n 24 37
Parity?
M 0.2 1.5
sD 0.4 1.2
n 24 38
Pregravid Weight
M 132.8 135.0
SD 28.5 29.7
n 24 33
Third Trimester
Weight Gain
X 12.5 12.1
sD 6.6 7.0
n 23 33

1p < .02 2p < .001
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Table 7.

Means and standard deviations for neonatal characteristics

for adolescent and postadolescent Maternal Age droups.

Maternal Age Group

Adolescent Postadolescent
Dependent Variable 15 — 19 yrs. 20 — 32 yrs.

Apgar at one minute!

M 6.5 8.1

SD 2.6 1.1

n 24 38
Apgar at five minutes

M 8.8 9.0

sD 0.7 0.2

n 24 38
Gestational Age

M 39.6 39.7

SD 2.1 1.8

n 24 37
Infant Birth Weight

M 3275.4 3170.0

sD 528.3 380.1

n 23 38
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biomedical risk factors examined and infants born to these two groups did
not differ on three of the four risk factors examined.

As stated earlier, infants were not observed within six hours of
circumcision. However, five infants were circumcized between six and
twenty-four hours preceeding state observations. Post hoc exploratory
analyses were performed to determine if a six hour criterion for
circumcision was stringent enough to control for differences in the
measures of infant state.

Chi-Square analysis of circumcision and maternal age indicated no
significant differences, X?(1) = 0.04, p < .84. As presented in Table
8, t-tests indicated that circumcized infants, as a group, demonstrated
a more restricted range of states than noncircumsized infants. These
infants spent the total observation session in quiet and active sleep.

A Chi-square analysis of gender and maternal age was not significant,
X2(1) = 0.13, p < .72. Post hoc exploratory analyses were performed in
the present study to determine whether gender differences were associated
with differences in infant state. Circumcized infants were excluded from
these analyses so that circumcision did not confound the gender effect.
The results of t-tests indicated that male infants, as a group, spent more
time in active sleep, had a greater number of transitions from quiet sleep
to active sleep, and had a greater number of transitions from active sleep
to quiet sleep in comparison to female infants (see Table 9). By

contrast, female, as a group, infants spent less time in active sleep and
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Table 8.

Means, standard deviation, and t—tests for Circumcision

differences on the state measures.

Circumcision
Present Absent
Dependent Variable (n.=5) (n = 20) t p
Quiet Sleep
M 37.0 43.0 1.371 n.s.
SD 6.4 14.9
% 31 36
Active Sleep
M 80.6 73.0 1.441 n.s.
SD 8.0 17.7
% 67 63
Range of States
M 1.0 1.6 3.00 <.05
SD 0.0 1.1
Transitions from Quiet
Sleep to Active Sleep
M 13.6 14.2 0.20 n.s.
SD 6.3 3.6
Transitions from Active
Sleep to Quiet Sleep
M 13.4 13.9 0.18 n.s.
SD 3.3 6.1

1The t value and degrees of freedom have been corrected
for nonhomogeneous variances (Cochran & Cox,00.07).
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Table 9.
Means, standard deviation, and t—tests for Gender
differences on the state measures.
Gender
Male!? Female
Dependent Variable (n = 20) (n = 37) t p
Quiet Sleep
M 43.0 45 .9 0.602 .S.
SD 14.5 20.0
% 36 38
Active Sleep
M 73.0 6l1.2 2.112 <.05
sSD 17.7 23.6
% 61 51
Range of States
M 1.6 1.5 0.492 .S.
SD 1.1 1.1
Transitions from Quiet
Sleep to Active Sleep
M 14.2 10.7 2.722 <.05
SD 3.6 6.1
Transitions from Active
Sleep to Quiet Sleep
M 13.9 10.6 2.652 <.05
SD 3.3 6.1

lCircumcized males were not included in the analysis.

2The t value and degrees of freedom have been corrected
for nonhomogeneous variances (Cochran & Cox, 1957).
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had fewer transitions from quiet sleep to active sleep and from active

sleep to quiet sleep.

Relation of Maternal Age and Ponderal Index to Infant State

The major hypotheses of this study were based on the hypothesis that,
because of a maternal-fetal competition for essential nutrients, infants
born to young mothers would show differences on measures of infant state
in comparison to infants born to postadolescent mothers. Based on this
premise, infants were categorized as low (<£2.28), average (2.29 - 2.81),
or high (22.82) ponderal index (PI). Infants of either low- or high- PI
status were considered malnourished in utero. Mothers were stratified
into the following age groups: 15-19 yr. and 20-32 yr.

A Chi-square analysis was performed to determine whether the
distribution of low- average- and high-PI infants differed across the
matgrnal age groups. As presented in Table 10, the results of this
analysis indicated that average-PI status infants were disproportionately
represented across maternal age groups, X2(1) = 9.69, p < .001. A greater
proportion of low-PI infants was found among the infants born to
adolescent mothers.

As indicated from the previous t-tests performed on circumcision
(see Table 8), a significant difference was found for the range of states.
To investigate the potential interaction between circumcision, ponderal
index, and maternal age, a 2 (Maternal Age Group) x 3 (Ponderal Index) x
2 (Circumcision) Analysis of Variance was performed for the range of
states measure. Two levels of maternal age (15-19, 20-32 yrs.) and three
levels of ponderal index (low- average- high) were used. The maternal

age x PI x circumcision effects and the PI x circumcision effects were
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Table 10.

Cell frequencies for Maternal Age by Ponderal Index.

Maternal Age Group

Adolescent Postadolescent
Ponderal Index 15 — 19 yrs. 20 — 32 yrs.
Low 7 3
S 2.28
Average 11 33
2.29 — 2.81
High 4 1

2 2.82
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nonestimatable because of missing cells. The maternal age x circumcision,
E(1,49) = 0.07, p < .79, maternal age x PI, F(2,49) = 1.67, p < .20,
circumcision, F(1,49) = 0.50, p < .48, ponderal index, F(2,49) = 0.82, p
< .44, and maternal age, F(1,49) = 0.21, p < .65 effects were not
significant. The means, standard deviations, and percentage of time spent
in each of the states are presented in Table 11.

The results of previous t-tests indicated a significant gender
effect for active sleep, the number of transitions from quiet sleep to
active sleep, and the number of transitions from active sleep to quiet
sleep (see Table 9). To examine the interaction between adolescent
pregnancy, ponderal index and gender a 2 (Maternal Age Group) x 3
(Ponderal Index) by 2 (Gender) Analysis of Variance was performed for each
of the state measures.

A significant maternal age group main effect was found for maternal
age for the amount of time spent in active sleep, F(1,54) = 4,18, p < .05.
There was not a significant maternal age group main effect for quiet
sleep, F(1,49) = 0.02, p < .97, transitions from quiet sleep to active
sleep, F(1,49) = 0.01, p < .97, and transitions from active sleep to quiet
sleep, F(1,49) = 0.02, p < .90. Contrary to a major hypothesis of this
study, infants born to adolescent mothers were less likely to spend time
in active sleep, while these infants were no more likely to spend time
in quiet sleep.

Based on the above findings, further analyses were performed to
determine if infants born to adolescent mothers spent a significantly
higher number of epochs in the drowse, alert, fussing, or crying states,

in comparison to infants born to postadolescent mothers. Since these
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Table 11.

Means, standard deviations, and percent of time in each state for

Ponderal Index, Circumcision, and Maternal Age Group.

Ponderal Index (PI)

Low Average High
< 2.29 2.28 - 2.81 2 2.82
Circumcision Present Absent Present Absent Present Absent
Dependent Variable
Quiet Sleep
Adolescent
M 38.0 41.0 —— 57.7 — 77.0
sD 10.0 2.8 11.0 0.0
Z 32 34 48 64
o) 2 2 0 3 0 1
Postadolescent A
M —— 39.0 36.3 35.3 — 5.0
SD 0.0 5.5 11.7 18.4
7 33 30 29 0 28
n 0 1 3 10 2
Active Sleep
Adolescent
M 82.0 79.0 — 62.3 —— 26.0
SD 9.9 2.8 11.0 0.0
7 68 66 52 22
n 2 2 0 3 0 1
Postadolescent
M —_— 8l1.0 79.7 79.2 — 70.5
<D 0.0 8.5 16.6 12.0
Z 68 66 66 59
n 0 1 3 10 0 2
Alert
Adolescent
M 00.0 00.0 ——— 00.0 — 00.0
SD 0.0 0.0 0.0 0.0
Z 0 0 0 0
n 2 2 0 3 1] 1
Postadolescent
M —_— 00.0 00.0 0.4 — 00.0
sD 0.0 00.0 1.3 0.0
Z 0 0 <1 0

n 0 1 3 10 0 2
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Table 11 (Cont.)

Ponderal Index, Circumcision, and Maternal Aqe Group.

Ponderal Index (PI)

Low Average High
< 2.29 2.28 — 2.81 2 2.82
Circumcision Present Absent Present Absent Present Absent
Dependent Variable
Range of States
Adolescent
M 1.0 1.0 —_— 1.3 —_— 2.0
SD 0.0 0.0 0.6 0.0
n 2 2 0 3 1] 1
Postadolescent
M — 1.0 1.0 1.4 —— 3.0
SD 0.0 0.0 1.0 2.8
n 0 1 3 10 0 2
Transitions from
Quiet to Active
Sleep
Adolescent
M 17.0 17.5 — 14.3 —_— 10.0
SD 2.8 0.7 4.0 0.0
n 2 2 0 3 0 1
Postadolescent
M _— 12.0 11.3 14.1 — 12.0
SD 0.0 7.F 2.1 9.9
n 0 1 3 10 0 2
Transitions from
Active to Quiet
Sleep
Adolescent
M 16.5 17.0 — 13.7 — 10.0
SD 2.1 1.4 3.8 0.0
n 2 2 0 3 0 1
Postadolescent
M — 12.0 11.3 13.9 —_— 12.0
SD 0.0 7.5 2.0 8.5

n 0 1 3 10 0 2
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infants were not spending a significant amount of time in quiet and active
sleep, it was thought that the determination of the predominate state(s)
amount the infant groups born to adolescent and postadolescent mothers
may provide significant information concerning the behavioral status
among these infant subjects.

A significant maternal age group main effect was found for the alert
state, F(1,49) = 4.15, p < .05. No significant maternal age group
differences were found for drowse, F(1,49) = 1.23, p < .27, fussy, F(1,49)
= 1.54, p < .22, and crying, F(1,49) = 1.35, p < .25. Infants born to
adolescent mothers were more likely to spend time in the alert state and
less likely to spend time in active sleep. In contrast, infants born to
postadolescent mothers were more likely to spend time in active sleep and
were less likely to spend time in the alert state. The means, standérd
deviations, and percentages for the total number of epochs for each state
measure for the two maternal age levels are presented in Table 12.

A significant ponderal index group main effect was found for active
sleep, F(2,49) = 3.21, p < .05. No significant ponderal index differences
were found for quiet sleep, F(2,49) = 0.04, p < .96, alert, F(2,49) =

1.42, p < .25, transitions from quiet sleep to active sleep, F(2,49) =

1.12, p < .34, transitions from active sleep to quiet sleep, F(2,49)
1.13, p < .33, and range of states, F(2,49) = 0.79, p < .46. Post hoc
analysis using one-tailed t-tests were conducted to examine differences
in ponderal index groups for active sleep. The means, standard deviatioms,
and percentages for the total number of epochs for each state measure
across levels of PI are presented in Table 13. These results indicated

a significant difference between the low-and average-PI groups,t(25) =
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Table 12.

Means, standard deviations, and percent of total epochs for

each state for infants born to adolescent and postadolescent

mothers.
Maternal Age Group
Adolescent Postadolescent
15 - 19 yrs. 20 — 32 yrs.
Dependent Variable (n = 22) (n = 38)
Quiet Sleep
M 44 .5 44 .1
SD 22.0 14.8
% 37 : 37
Active Sleep!
M 50.5 70.5
SD 26.8 17.4
% 50 59
Alert!?
M 9.6 1.4
sD 26.1 5.0
% 8 1
Range of States
M 1.4 1.5
SD 0.9 1.2
Transitions from
Quiet to Active Sleep
M 12.1 12.1
SD 6.2 5.3
Transitions from
Active to Quiet Sleep
M 11.8 11.9
sD 6.0 5.2
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Table 13.

Means, standard deviations, and percent of total epochs for

each state for low-, average-, and high-PI infants.

Ponderal Index (PI)

Low Average High
< 2.28 2.29 - 2.81 2 2.82
Dependent Variable (n = 10) (n = 44) (n = 6)
Quiet Sleep
M 42.9 44.5 44.0
SD 10.6 18.4 26.8
% 36 37 37
Active Sleep!
M 76.3 65.8 53.7
SD 12.3 22.5 28.4
7% 64 55 45
Alert
M 0.3 4.7 12.7
SD 0.9 16.8 31.0
% <1 <1 11
Range of States
M 1.1 1.5 1.8
SD 0.3 1.1 1.6
Transitions from
Quiet to Active Sleep
M 12.9 12.3 9.0
sD 6.2 5.3 6.4
Transitions from
Active to Quiet Sleep
M 12.5 12.2 8.8
SD 6.4 5.2 5.9
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2.03, p < .03. Low-PI infants were more likely to spend time in active
sleep than average-PI infants. Further, a significant difference was
found between the low-and high-PI groups, t(6) = 1.85, p < .05. Low-PI
infants were more likely to spend time in active sleep than high-PI
infants. However, no significant difference was found between the
average-and high-PI groups, t(5) = 1.01, p < .18.

A significant gender main effect was found for active sleep, F(1,49)

5.01, p < .03, transitions from quiet sleep to active sleep, F(1,49) =

5.14, p < .03, and transitions from active sleep to quiet sleep, F(1,49)

4.91, p < .03. Male infants were more likely to spend time in active
sleep, and had a greater number of transitions from quiet sleep to active
sleep and from active sleep to quiet sleep in comparison to female
infants. No significant gender differences were found for quiet sleep,
F(1,49) = .75, p < .39, alert sleep, E(1,49) = 2.21, p < .14, and range
of states, F(1,49) = .04, p < .85. The means and standard deviations for
the state measures are presented in Table 14.

The interaction between maternal age groups and ponderal index

groups was not significant for quiet sleep, F(2,49) = 0.21, p < .81,

]

active sleep, F(2,49) = 1.14, p < .34, alert, F(2,49) 0.43, p < .65,

transitions from quiet sleep to active sleep, F(2,49) 2.54, p < .09,
and range of states, F(2,49) = 1.73, p<.19. A significant maternal age
x ponderal index interaction was found for the number of tramsitions from
active sleep to quiet sleep, F(2,49) = 3.03, p < .05 (see Table 15).
Because the high-PI postadolescent group contained only one subject, a 2

(Maternal Age Group) x 2 (Ponderal Index) Analysis of Variance using only

the low-and average-PI groups was performed. A significant interaction
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Table 14.

Means, standard deviations, and percent of time in each state for

Ponderal Index, Gender, and Maternal Age Group.

Ponderal Index (PI)

Low Average High
< 2.29 2.28 - 2.81 > 2.82
Gender Male Female Male Female Male Female
Dependent Variable
Quiet Sleep
Adolescent
M 39.5 43.0 57.7 42.5 77.0 32.3
SD 6.2 15.1 11.0 30.3 0.0 29.7
% 33 36 48 35 64 7
n 4 3 3 8 1 3
Postadolescent
M 39.0 51.5 35.5 49,1 45.0 -_—
SD 0.0 14. 8 10.3 15.6 18. 4
% 33 43 30 41 38
n 1 2 13 20 2 0
Active Slee
Adolescent
M 80.5 77.0 62.3 47.9 26.0
SD 6.2 15.1 11.0 33.2 0.0 35.6
% 67 64 52 40 22 43
n 4 3 3 8 1 3
Postadolescent
M 81.0 64.5 79.3 65.8 70.5 -_—
SD 0.0 20.5 14. 8 17.9 12.0
% 68 54 66 55 59
n 1 2 13 20 2 0
Alert
Adolescent
M 00.0 00.0 00.0 19.5 00.0 25.3
SD 0.0 0.0 0.0 36.1 0.0 43.9
% 0 0 0 16 0 21
n 4 3 3 8 1 3
Postadolescent
M 00.0 1.5 0.3 2.3 0.0 —_—
sD 0.0 2.1 1.1 6.8 0.0
% 0 <1 <1 <1 0
n 1 2 13 20 2 0
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Table 14 (Cont.)

Ponderal Index, Gender, and Maternal Age Group.

Ponderal Index (PI)

Low Average High
< 2.29 2.28 - 2.81 2 2.82
Gender Male Female Male Female Male Female
Dependent Variable
Range of States
Adolescent
M 1.0 1.3 1.3 1.6 2.0 1.0
SD 0.0 0.6 0.6 1.4 0.0 0.0
n 4 3 3 8 1 3
Postadolescent
M 1.0 1.0 1.3 1.6 3.0 —_—
SD 0.0 0.0 0.9 1.3 2.8
n 1 2 13 20 2 0
Transitions from
Quiet to Active
Sleep
: Adolescent
M 17.3 13.3 14. 3 10.3 10.0 6.7
SD 1.7 7.1 4.0 7.1 0.0 5.9
n 4 3 8 1 3
Postadolescent
M 12.0 4.0 13.5 12.0 12.0 —
SD 0.0 1.4 3.8 5.6 9.9
n 1 2 13 20 2 0
Transitions from
Active to Quiet
Sleep
Adolescent
M 16. 8 13.3 13.7 10.3 10.0 6.3
SD 1.5 7.1 3.8 6.9 0.0 5.5
n 4 3 3 8 1 3
Postadolescent
M 12.0 3.0 13.3 12.0 12.0 —_—
SD 0.0 1.4 3.7 5.6 8.5
n 1 2 13 20 2 0
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Table 15.

Means and standard deviations for the measures of infant

state by Maternal Age and Ponderal Index.

Ponderal Index (PI)

Low Average High
Dependent Variable < 2.29 2.28 — 2.81 2 2.82
Quiet Sleep
Adolescent
M 41.0 46.6 43.5
sSD 9.9 26.8 32.9
n 7 11 4
Postadolescent
M 47.3 43.7 45.0
SD 12.7 15.2 18.4
n 3 33 2
Active Sleep
Adolescent
M 79.0 51.8 45.3
SD 9.9 29.0 31.8
n 7 11 4
Postadolescent
M 70.0 70.5 70.5
SD 17.3 18.0 12.C
n 3 33 2
Alert
Adolescent
M 0.0 14.2 19.0
SD 0.0 31.6 38.0
n 7 11 4
Postadolescent
M 1.0 1.5 0.0
sSD 1.7 5.3 0.0
n 3 33 2
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Table 15 (Cont.)

Means and standard deviations for the measures of infant

state by Maternal Age and Ponderal Index.

Ponderal Index (PI)

Low Average High
Dependent Variable < 2.29 2.28 — 2.81 2 2.82
Range of States
Adolescent
M 1.1 1.6 1.3
sD 0.4 1.2 0.5
n 7 11 4
Postadolescent
M 1.0 1.5 3.0
SD 0.0 1.1 2.8
n 3 33 2
Transitions from
Quiet to Active
Sleep
Adolescent
M 15.6 11.4 7.5
SD 4.8 6.5 5.1
n 7 11 4
Postadolescent
M 6.7 12.6 19.0
SD 4.7 5.0 —_—
n 3 33 1
Transitions from
Active to Quiet
Sleep
Adolescent
M 15.3 11.2 7.3
SD 4.6 6.3 4.9
n 7 11 4
Postadolescent
M 6.0 12.5 18.0
SD 5.3 4.9 —_—

n 3 33 1
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was found for maternal age x PI, for the number of transitions from active
sleep to quiet sleep, E(1,49) = 3.48, p < .04 (see Figure 1).

Post hoc analysis using t-test indicated that the difference between
the adolescent and postadolescent groups for low-PI infants on the number
of transitions from active sleep to quiet sleep approached significance,
t(5)= 2.64, p < .07. Low-PI infants born to adolescent mothers had a
greater number of transitions from active sleep to quiet sleep. Low-PI
infants born to postadolescent mothers did not significantly differ from
average-PI infants born to postadolescent mothers in the number of
transitions from active sleep to quiet sleep, t(18) = -2.04, p < .16.
Low-PI infants born to adolescent mothers did not significantly differ
from average-PI infants born to adolescent mothers in the number of
transitions active sleep to quiet sleep, t(9) = 1.60, p < .13.

Relation of Biomedical Risk Factors to Infant State

As indicated by the preceding Chi-square and t-test analyses on
biomedical risk factors, the inability to predict infant performance
between the two maternal groups on the state measures from maternal age
appeared to be due to an overrepresentation of risk factors among all
mothers, rather than maternal age, per se. As such, exploratory analyses
using regression were performed. The infant state measures were regressed
on a subset of the biomedical risk factors!.Risk factors which were
significantly correlated with at least one state measure were entered into
the regression equations as independent variables (see Table 16). The
independent variables were CPD, pregravid weight, maternal weight gain,

gestational age, infant birth weight, and parity.
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Low Average

Ponderal Index (PI)

Number of Transitions from Active to Quiet Sleep for low-

and average-PI infants born to adolescent and postadolescent

mothers.
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Table 16.

Correlation matrix for maternal and infant characteristics and

the state measures.

Correlation Matrix (n)

State Measures

Transitions
Quiet Active
Maternal Range to to
and Infant Quiet Active of Active Quiet
Characteristics Sleep » Sleep States Sleep Sleep
CPD -.14 -.211 -.03 .05 .04
(62) (62) (62) (61) (61)
Abruptia —.04 .13 -.07 .00 .01
Placentae (62) (62) (62) (61) (61)
Age at —.18 —.06 -.03 —-.02 .00
Menarche (54) (54) (54) (53) (53)
Alcohol Use —.05 —-.01 -.10 .04 .03
(61) (61) (61) (60) (60)
Apgar score .02 - .00 .09 —-.03 —.04
at one min. (62) (62) (62) (61) (61)
Apgar score —.03 —.05 .04 —-.03 —.05
at five min. (62) (62) (62) (61) (61)
Cesarean .04 .10 —-.04 .16 .18
Section (62) (62) (62) (61) (61)
Cigarette -.09 —-.13 .02 .02 —-.03
Smoking (58) (58) (58) (57) (57)

lp < .05
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Table 16 (Cont.)

Correlation matrix for maternal and infant characteristcs and

the state measures.

Correlation Matrix (n)

State Measures

Transitions
Quiet Active

Maternal Range to to
and Infant Quiet Active of Active Quiet

Characteristics Sleep Sleep States Sleep Sleep

Drug Use -.10 .15 -.08 .14 .15

(61) (61) (61) (60) (60)
Infant Birth -.12 -.211 .09 -.15 -.15
Weight (60) (60) (60) (59) (59)
Cestational —.292 .03 —-.09 —.231 —. 221
Age (61) (61) (61) (60) (60)
Maternal -.06 -.131 -.13 -.12 —-.16
Weight Gain (57) (57) (57) (56) (56)
# of Prenatal .16 -.10 .08 .11 .09
Care Visits (61) (61) (61) (60) (60)
Parity -.03 L2111 -.01 .04 .04

(62) (62) (62) (61) (61)
Pregravid .17 —.302 .15 .03 .03
Weight (57) (57) (57) (56) (56)
3rd Trimester .21t -.15 -.13 .08 .05
Weight Gain (56) (56) (56) (55) (55)

1p < .05 2p < .01
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A separate regression was used to predict 1) the number of epochs
in quiet sleep, 2) the number of epochs in active sleep, 3) the number
of epochs in alert activity, 4) the number of transitions from quiet sleep
to active sleep, 5) the number of transitions from active sleep to quiet
sleep, and 6) the range of the six states by each infant subject using
each of the biomedical risk factors as independent variables. Pregravid
weight was included in the multiple regression analysis as both a linear
and a quadratic variable.

The results of the stepwise multiple regression are shown in Table
17. First, gestational age best predicted the amount of time spent in
quiet sleep, E(1,49) = 5.54, p < .02. An increase in gestational age was
associated with a decrease in the amount of time spent in quiet sleep.
Second, infant birth weight significantly predicted the amount of time
spent in active sleep, F(1,49) = 5.86, p < .02. An increase in infant
birth weight was associated with a decrease in the amount of time spent
in active sleep. Third, pregravid weight, as a linear and a quadratic
function, and infant birth weight, significantly predicted the amount of
time spent in alert activity, t(54) = -2.66, p < .0l. Pregravid weight
as a quadratic function was significant at t(54) = 2.75, p < .01l. Birth
weight was significant at t(54) = 2.51, p < .02. Lastly, gestational age
significantly predicted the number of transitions from quiet sleep to
active sleep, F(1,49) = 6.33, p < .02 and the number of transitions from
active sleep to quiet sleep, F(1,49) = 6.20, p < .02. An increase in
gestational age was associated with a decrease in the number of
transitions from quiet sleep to active sleep, and the number of

transitions from active sleep to quiet sleep. The range of states was
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Table 17.
Regression equations for the prediction of number of epochs
for measures of infant state.
Regression Statistics
Dependent Independent Multiple Adjusted
Variable Variable R R B!
Quiet Sleep Gestational Age .32 .08 -0.35
Active Sleep Infant Birth .33 .09 -0.31
Weight
Alert Pregravid .46 .17 -1.97
Weight
(linear)
Pregravid 2.03
Weight
(Quadratic)
Infant Birth 0.32
Weight
Transitions Gestational Age .34 .10 —-0.36
from Quiet to
Active Sleep
Transitions Cestational Age .39 .04 -0.33

from Active
to Quiet Sleep

1B=

Standardized b—weight
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not predicted by any of the independent variables, F(6,44) = 1.50, p <

. 28.
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Discussion

Ashby (1956) defines state as any well-defined condition or property
that can be reliably measured if it occurs again. In more behavioral
terms, state has been defined as a set of functional patterns and
physiological variables which are relatively stable and occur repeatedly
(Prechtl, 1968).

This study investigated the relation between young adolescent
pregnancy and infant behavioral state. The results of this study do not
support the major hypotheses that, in comparison to infants born to
postadolescent mothers, infants born to adolescent mothers would have 1)
a fewer number of epochs in quiet sleep, 2) a greater number of epochs
in active sleep, 3) a fewer number of transitions from quiet sleep to
active sleep, 4) a fewer number of transitions from active sleep to quiet
sleep, and 5) a more restricted range of states.

Measures of Infant State

This study found that infants born to adolescent (15-19 yrs.) mothers
spent a greater number of epochs in the alert state and a fewer number
of epochs in active sleep than infants born to postadolescent mothers.
In other words, infants born to adolescent mothers spent a greater amount
of time in the awake states, as opposed to the sleep states in comparison
to infants born to postadolescent mothers. By contrast, infants born to
postadolescent mothers spent a greater number of epochs in active sleep

and a fewer number of epochs in the alert state than infants born to
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adolescent mothers. Further, the number of epochs spent in quiet sleep
did not significantly differentiate infants of the two maternal groups.

While the results indicated that infants born to adolescent mothers
spent more time in the alert state than active sleep in comparison to
infants born to postadolescent mothers, infants born to adolescent
mothers spent 50% of the total observation time in active sleep, while
only 8% of the total observation time was spent in the alert state.
Infants born to postadolescent mothers spent 59% of the total observation
time in active sleep and 1% of this time in the alert state. In addition,
while the two groups did not reliably differ in the amount of time spent
in quiet sleep, both groups spent an equivalent amount of time (37%) in
this state.

Although infants born to adolescent mothers spent more time in alert
states than infants born to postadolescent mothers, infants born to
adolescent mothers spent 87% of the total observation time in quiet and
active sleep, compared to 96% of this time for infants born to
postadolescent mothers. Thus, although these two infant groups did not
reliably differ in the amount of time spent in quiet sleep and infants
born to adolescent mothers spent more time in alert states than infants
born to postadolescent mothers, infants born to adolescent mothers spent
a greater percentage of time in sleep states than awake states.

The hypotheses of this study were based on the premise that factors
associated with young adolescent pregnancy, such as low socioeconomic
status, expressed a poor prenatal care, health habit patterns, and
nutritional status before and during pregnancy, would interfere with

maturational development in utero. These factors would thus impede the
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development of state organization and result in subtle differences in
measures of behavioral state between the offspring of adolescent and
postadolescent mothers. According to Parmelee and Stern (1972), one of
the major maturational changes in the organization of states appears to
be in the increasing proportion of quiescent periods in each of the sleep
parameters, including respiratory regularity and an absence of body
activity and eye movements. In this study, both infant groups spent
equivalent amounts of time in quiet sleep (37% vs. 37%) and infants born
to young mothers spent less time in active sleep (50% vs. 59%).

Infants born to young mothers also spent a greater number of epochs
in the alert state (8%), in comparison to infants born to postadolescent
mothers (1%). Previous research has shown that infants with high numbers
of obstetric complications and nonoptimal fetal growth patterns have
difficulty maintaining an aroused state, have a poorer quality of alert
responsivity (Zeskind, 1981), require more input to maintain an alert
state (Lester et al, 1986), and show a high rate of startles (Huntington,
Zeskind & Weiseman, 1985), in comparison to infants with low numbers of
obstetric complications and average fetal growth patterns.

Many researchers have suggested that the ability to maintain an alert
state may be a developmentally optimal situation because the infant is
better equipped to interact with his/her environment (Lester et al, 1986;
Zeskind, 1981). According to Als (1978), the major developmental task for
the term infant is to gain increasing control over state differentiation
within the interactive system with his/her caregiver. The continuous

feedback by the caregiver may then aid in the infant's adaptation to the

environment.
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One possible explanation for the results obtained in this study may
be that only socioeconomically deprived subjects, the majority of whom
experienced pregnancy complications, were available for these analyses.
Maternal age may have been unable to predict the state measures because
of an overrepresentation of biomedical risk factors in both groups. For
example, Lawrence and Merritt (1981) reported that infants born to
adolescent mothers tended to be under or over aroused on the NBAS in
comparison to infants born to postadolescent mothers. However, when
obstetric factors (i.e., race and socioceconomic status) were considered
in the analyses, age was not independently associated with any measures
on infant state. Thus, in this study, maternal age and poverty were
confounded. It appears that the analysis of maternal age per se or the
assignment of a "risk" status by maternal age alone may be too simplistic
by underemphasizing the complex interaction of maternal age and social
class.

Circumcision and Infant State

Results of the chi-square analysis indicated that the distribution
of circumcized infants born to adolescent mothers (n = 2) was not
significantly different from the distribution of circumcized infants born
to postadolescent mothers (n = 3). However, results indicated that
circumcized infants, as a group, demonstrated a more restricted range of
states than noncircumsized infants. Further, these infants spent the
entire observation time in quiet and active sleep. In future studies a
more stringent criterion than six hours preceeding state observation may

reduce the influence of circumcision on infant state.
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Lester, Garcia-Coll, and Sepowski (1982) reported that infants with
low numbers of obstetric complications born to adolescent mothers
demonstrated a wider range of states than infants with low numbers of
obstetric complications born to postadolescent mothers. The infant's
ability to achieve a wider range of states was associated with a lower
risk status at birth. The ability to achieve a wide range of states may
result in a developmentally optimal situation since the infant capable
of a wider range of states mayvbe a more responsive infant. The more
responsive infant may be better able to contribute to face-to-face
interactions and less difficult feeding situations than the less
responsive infant.

Gender and Infant State

The extant literature investigating the relation between adolescent
pregnancy and neonatal outcome has not considered whether gender
differences exist between newborn infants born to adolescent and
postadolescent mothers. Thomson (1968) reported little variation between
the sexes in birthweight at early gestation. By contrast, Horon et al
(1983) demonstrated gender as a significant predictor of birthweight in
infants born to adolescent and postadolescent mothers.

In the present study, results of the chi-square analysis indicated
that the distribution of male (n = 9) and female (n = 15) infants born
to adolescent mothers was not significantly different from the
distribution of male (n = 16) and female (n = 22) infants born to
postadolescent mothers. Although, results indicated that male infants,
as a group, tended to spend a greater amount of time in quiet and active

sleep in comparison to female infants. However, since this study did not
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hypothesize gender differences, interpretation is difficult. Further
research is necessary to elucidate these findings.
Biomedical Risk Factors and Maternal Age

As previous studies, have found (i.e., Merritt et al, 1980; Naeye,
1981), adolescent status does not appear to be independently associated
with adverse pregnancy and neonatal outcomes. Taken as a group, adolescent
mothers in this study shared a proportionate number of confounding fetal
growth-retarding factors in comparison to postadolescent mothers. For
instance, cigarette smoking, alcohol use, and drug use were similar among
the two maternal groups. Further, confounding growth-retarding factofs,
such as prenatal care patterns, maternal weight gain, and pregravid
weight, all known to influence fetal growth patterns (Oppel & Royston,
1971; Merritt et al, 1980; Ryan & Schneider (1978), were systematically
compared with those in an appropriate sample of older mothers. The results
of these comparisons suggested that two of these three factors did not
significantly differ between adolescent and postadolescent mothers.

Analyses which assessed whether adolescents (aged 19 or younger)
experienced poorer neonatal outcomes also yielded results that were
similar to those of postadolescent mothers (aged 20-32). These
adolescents did not experience a significantly higher rate of adverse
neonatal outcomes than older women. For instance, compafed to infants of
postadolescent mothers, infants of adolescent mothers did not demonstrate
a greater incidence of traditional biomedical risk factors, such as
five-minute Apgar scores less than 7. In this study, the factor that
differentiated the two infant groups, Apgar scores at one-minute, is not

associated with increased neonatal risk status. Apgar scores at



54 Behavioral State

five-minutes are considered a neonatal risk factor, since these scores
are generally more reliable than Apgar scores at one-minute (Rothenberg
& Varga, 1981).

The second factor that differentiated the maternal groups, parity,
is associated with increased pregnancy risk status for older (2 32 yrs.)
multiparous mothers with a parity of five or greater and for young (12-16
yrs.) multiparous mothers with a parity greater than two (Hardy &
Mellits, 1977). Women in this older age group were not included in this
study and young mothers in this study did not have a parity greater than
one.

The third factor differentiating the maternal groups was
cephalopelvic disproportion (CPD). CPD, one measure of physiologic
immaturity, is considered a pregnancy risk factor in that it is associated
with a greater likelihood of cesarean delivery. Cesarean delivery is in
turn associated with fetal complications, such as fetal distress. As
found in other studies (i.e., McAnarney, 1975), younger mothers in this
study were more likely to be diagnosed as having CPD. However, young
mothers were no more likely to deliver their infants by cesarean method.
This finding confirms reports from Battaglia et al (1962) and Duenhoelter
et al (1975), but are at variance with those of other authors (i.e.,
Coates, 1970; Hulka & Schaaf, 1964).

The discrepancy between this finding and previous investigations may
also be explained on the basis of control group selection. The young
subjects in others studies were frequently Black, poor, and nutritionally
deprived. In contrast, in this study, all maternal subjects were from a

low-income population with similar prenatal care experiences.
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Maternal Age and Anthropometric Measures of Assessment

Ample evidence suggests a strong association between maternal age
and infant birth weight (Blum & Goldhagen, 1981; Battaglia et al, 1963;
Dott & Fort, 1976). However, this relation did not emerge within this
sample. These findings are particularly interesting since the
calculation of the ponderal index (PI) value of each infant revealed a
greater frequency of low-PI infants among adolescent mothers. As
previously noted, a low-PI value implies fetal, presumably third
trimester, malnutrition. One traditional measure of malnutrition, birth
weight, was similar for the two infant groups. As others have
demonstrated (i.e., Lester & Zeskind, 1978; Miller & Hassanein, 1971,
1973; Zeskind, 1981; Zeskind & Leéter, 1981; Zeskind & Ramey, 1978), this
study found that the ponderal index may be more sensitive to detecting
subtle forms of malnutrition than more traditional measures.

Perhaps the most interesting result of this study is that although
adolescent and postadolescent mothers, as a group, had similar pregravid
weights, and adolescent mothers gained a total of 31.4 lbs. during their
pregnancy course, while postadolescent mothers gained a total of 26.7
1bs., young mothers were more likely to deliver infants with subtle forms
of fetal malnutrition. These findings provide indirect evidence for the
recent hypothesis (Frisancho et al, 1983, 1984, 1985; Naeye, 1981) that
increased growth needs of adolescent mothers may compete with the growth
needs of the developing fetus. The availability of calories may have been
less for adolescent mothers. As previous studies have demonstrated,
perhaps adolescent gravidas must gain more weight during their pregnancy

to produce an appropriately grown infant than postadolescent gravidas of
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similar weight-for-height at conception (i.e., Naeye, 1981). Thus, an
interaction between nutritional deprivation and a maternal-fetal
competition for nutrients, may explain these findings. These data suggest
that physiologic immaturity may be the most critical determinant of

nonoptimal neonatal outcome among the adolescent population.

Maternal Age, Physical Growth, and Behavioral State

The results of this study indicated that the combined measures of
maternal age and infant physical growth accounted for a substantial
proportion of the variance on measures of infant behavioral state. These
results further suggest that the effects of maternal age on measures of
infant state behavior may vary as a function of infant physical growth.
Infants of retarded fetal growth, as determined by the Ponderal Index,
demonstrated reliably different performance on several of the state
measures in comparison to infants of average and accelerated fetal growth.
First, as a group, low-PI infants spent a greater number of epochs in
active sleep in comparison to average-PI infants. Second, low-PI infants
born to postadolescent mothers had fewer transitions from quiet sleep to
active sleep than low-PI infants born to adolescent mothers and average-PI
infants born to both maternal groups. As expected, the number of
transitions from quiet sleep to active sleep was less frequent for infants
of retarded fetal growth, in comparison to infants of average fetal
growth. However, contrary to expectation, infants of retarded fetal
growth born to postadolescent mothers exhibited fewer transitions from

quiet sleep to active sleep than infants of retarded fetal growth born

to adolescent mothers.
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It is tenable to conceptualize these findings as reflecting
maturational changes in the organization of states. The organization of
state behavior is initiated during the last trimester of pregnancy
(Prechtl & 0'Brien, 1982). Moreover, during the evolution of the
organization of the sleep cycle, quiet sleep is the last state to attain
typical organization (Dreyfus-Brisac, 1970). A low-PI status is
associated with maternal nutrition, placental transport, and metabolic
activities. This nutritional insult is thought to occur during the third
trimester of pregnancy (Lester et al, 1986). Previous studies have found
that when nutritional insult is thought to occur during the latter stages
of pregnancy, weight and/or lean body mass are compromised, although
length is not affected (i.e., Lester et al, 1986). It may be that the
effects of these nonoptimal prenatal conditions on fetal growth impede
with the development of other systems (Lester et al, 1986). Based on this
hypothesis, it is expected that underweight-for-length infants would
spend a lesser amount of time in quiet sleep, a more ontogenetically
advanced state, and a greater amount of time in active sleep, a more
ontogenetically primitive state.

In addition, previous investigations have found that full-term, full
birthweight infants show a subtle form of fetal malnutritiomn, as
determinéd by the Ponderal Index (i.e., Lester & Zeskind, 1978; Zeskind,
1981; Zeskind & Ramey, 1978). Similarly, in this study, the PI detected
conditions of fetal malnourishment even among infants who were full-term
and appropriate weight-for-gestational age. Moreover, these results
indicated that although adolescent and postadolescent mothers and their

infants did not differ on the general risk indices, some of which are
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associated with prenatal malnutrition, the infants born to these two
maternal groups did differ on anthropometric measures of prenatal
malnutrition, associated with fetal malnutrition.

In recent years, conceptual (Lester & Zeskind, 1982; Zeskind, Goff
& Huntington, 1984) and empirical (Zeskind & Ramey, 1981) evidence has
indicated that minor forms of fetal malnutrition, undramatic from the
clinical view, may affect the quality of care the infant receives.
According to a synergistic bidirectional model of development, negative
characteristics of the infant's state behavior may impact on the
caregiving environment, and thus on the subsequent course of development
(Birch & Gussow, 1970; Sameroff & Chandler, 1975). For example, infants
with anthropometric signs of malnutrition have been described as
unresponsive and lethargic (Lester, 1975). Moreover, these infants have
been shown to elicit caregiving that is less responsive than infants with
appropriate fetal growth patterns (Zeskind & Ramey, 1978; 1981).

One advantage of this study is that data were collected prospectively
and the analyses assessed the independent impact of numerous factors that
may potentially contribute to adverse neonatal physical and behavioral
outcomes. However, there are a number of methodological concerns that are
important in interpreting the above results. First, regression analysis
could not be performed on the sample of adolescent mothers 14 years of
age or less, because these subjects were unavailable for these analyses.
Thus, the study does not preclude the proposition that this younger group
of adolescent mothers is at an increased risk for poor pregnancy and
neonatal outcomes. Moreover, this study does not discount the possibility

that infants born to this younger group of adolescents are at an increased
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risk for nonoptimal behavioral outcomes. Second, the vast majority of
these subjects received prenatal care and the majority were seen by the
second trimester. This finding is in contrast to many studies, in which
a much higher number of subjects were seen only in labor and with very
few prenatal visits (i.e., Coates, 1970). Since, there were so few
subjects in this study with deficient prenatal care, comparison of the
results in this group with the subjects who received adequate prenatal
care was not possible. Third, because these data were obtained from a
medical school hospital which has a higher proportion of complicated
pregnancy cases in comparison to community hospitals, these results may
be more applicable to other medical school hospitals.

The medical records used in this study were incomplete with regard
to all factors, some of which are known to affect a women's obstetric
performance (i.e., pregravid weight and height). Further efforts are
needed to determine how these factors in combination with socioeconomic
status and maternal age are implicated in the etiology of the relative
risks related to young maternal age. Moreover, further research on
adolescent childbearing should consider a multifactorial approach
assessing the interaction of these consequences to long-term
developmental outcome.

Lastly, previous investigations have found that behavioral state is
a sensitive measure of neonatal developmental status at birth (i.e., Als,
1981; Lester et al, 1982, 1986; Thompson et al, 1979; Zeskind, 1981) and
during infancy (i.e., Vaugn & Crighton, 1982; Widmayer & Field, 1982).
Although the findings of the present study were unable to elucidate

meaningful behavioral differences between infants born to adolescent and
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postadolescent mothers, this may have been due to an overrepresentation
of biomedical risk factors. Future investigations should continue to
utilize this assessment technique with respect to the possibility of
prevention, early treatment, and in relation to identifying difficulties

arising during the development of caregiver-infant interactions.
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Footnote
1. Ethnic group was not correlated with any of the biomedical
risk factors. Therefore subgroup analyses for Blacks and Whites were
not performed. This information is available from the author upon

request.
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Letter of Informed Consent
Dear Mom:

As you know, babies sleep a great deal of the time. When they aren't
sleeping they frequently cry, fuss, look and move around. We think that
babies may be telling us what they need when they act in different
ways. For example, some mothers tell us that they can tell if their
baby is hungry or tired by how much their baby cries or fusses. We
think that even the way your baby sleeps may tell us something about
your baby's health. For this reason I would like your permission to
watch your baby sleep and rest.

First, I would like to watch how your baby sleeps for about two hours
while your baby is in the hospital nursery. Then, I will record some
important facts concerning your baby's birth from medical records.

Since I will only be watching your baby while it is resting I will at
no time have any contact with your baby. This procedure will present
no harm to you or your baby. Also, all information will be kept
confidential. Although this observation may not directly benefit your
baby, we may be able to help mothers and their babies in the future
by watching your baby. I would greatly appreciate your help in
accomplishing this.

I understand that any questions I may have concerning this observation
will be answered by the examiner. I understand that some important
facts will be obtained from my medical records. I understand that I
may withdraw from participation at any time and for any reason.

I AGREE TO PARTICIPATE

(Mother's signature) (Date)
Lisa Daleco (Date)
Examiner

Phillip Sanford Zeskind, Ph.D (Date)
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Maternal and Neonatal Factors Form

Subno. Sex Date of observation
Time of Observation

Race Date born
Time born
Hours old

Maternal Factors

1. Maternal Age 12-15 16-19 20-32 Other

2. Marital Status Married Other
3. Maternal Wt. Gn.

4. Maternal Prepreg. Wt.

5. Parity 0 1 2 >2
6. Gravida 0 1 2 >2
7. Pelvis (I) No Disproportion Disproportion

8. Age at menarche

Obstetric and Neonatal Factors .

9. Gestational Age by date < 37 weeks > 37 weeks
Gestational Age by maturity < 37 weeks > 37 weeks

10. Birth Weight < 2500 gms > 2500 gms

11. Birth Length

12. Ponderal Index Score ’ Status

13. Head Circumference

14. Weight-for-gestational age

15. Placental Infarction No Yes

16. Placental Previa or Abruptia No Yes

17. Cesarean Section No Yes
REASON FOR:

18. Circumcision No Yes
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19. Apgar Score - One minute 7-10 0-6

20. Apgar Score - Five minutes 7-10 0-6

Prenatal Care Information

Date of visit Weight at yisit Gestational Age

Initial Interview

Continuing Visits

Trimester of Initiation:
Total Number of Visits:
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Notes
Outstanding Complications:
1.
2.
3.
4,
5.
Other:
1. Breast Bottle
2. Type of Anesthesia:
None____ General___ Pudental___  Spinal____ Local____ Other____
3. Number of Abortions:
0 1 2 >2
Spontaneous____ Induced____
4, Height___ Weight
5. Education Occupation
6.
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Behavioral States (From Thoman, 1975)

All observations will be based on a 10-second observational epoch. The
states observed are defined as follows:

Quiet Sleep A. The infant's eyes are firmly closed and still. There
is little or no motor activity, with the exception of occasional startles
or rhythmic mouthing. Respiration is abdominal and relatively slow
(average around 36 per minute), deep and regular.

Quiet Sleep B. All of the characteristics of Quiet Sleep A apply for
this category except for respiration, which deviates somewhat from the
slow regularity seen in A. In this state, the respiration may be
relatively slower but show some irregularities. Respiration is primarily
abdominal in this state.

Active Sleep Without REMs. The infants eyes are closed, but slow,
rolling movements may be apparent. Bodily activity can range from minor
twitches to writhing and stretching. Respiration is irregular, costal
in nature, and generally faster than that seen in Quiet Sleep (average
of 46 per minute). Facial movements may include frowns, grimaces, smiles,
twitches, mouth movements, and sucking (actually face movements are not
very often seen in this category of Active Sleep).

Active Sleep With REMs. The infant's eyes are closed, and REMs occur
during the ten-second epoch; other respiration and movement
characteristics are the same as those just described for Active Sleep
Without REMs, except that the facial activity is highly likely to
accompany REMs or to be interspersed between groups of REMs.

Active Sleep With Dense REM. Characteristics of this category are
the same as those of the other two categories of Active Sleep; however,
this one is distinctive for the continuous occurrence of REMs throughout
the ten-second observation epoch. REMs in this category are often
accompanied by raising of the eyebrows and by eye-opening.

Drowsy State. The infant's eyes may either open and close or they
may be partially or fully open, but very still and dazed in appearance.
There may be some generalized motor activity, and respiration is fairly
regular, but faster and more shallow than that observed in Quiet Sleep.

Waking Activity. The infant's eyes are generally open, but may be
closed. There is generalized motor activity, accompanied by grimacing,
grunting, or brief vocalization.

Fussing. The characteristics of this state are the same as those for
Waking Activity by mild, agitated vocalization is continuous; or one cry

burst may occur.
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Behavioral States (Cont.)

Crying. The characteristics of this state are the same as Waking

Activity, but generalized motor activity is more intense, and cry bursts
are continuous.

Indefinate State. The infant's eyes may be closed, or opening and
closing. There is generalized motor activity, but there are no sufficient

criteria by which the infant's state can be classified as waking or
sleeping.
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