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ABSTRACT This study examines socioeconomic conditions, psychosocial
stress, and health among 264 infants, children, adolescents, and young adults
aged 2 months to 18 years residing in a rural Caribbean village. Fieldwork
was conducted over a 9 year period (1988-1996). Research methods and
techniques include salivary cortisol radioimmunoassay (N = 22,438), system-
atic behavioral observations, psychological questionnaires, health evalua-
tions, medical records, informal interviews, and participant observation.

Analyses of data indicate complex relations among socioeconomic condi-
tions, stress, and health. Household income, land ownership, parental
education, and other socioeconomic measures are weakly associated with
child illness. There is no evidence that apparent material benefits of high
socioeconomic status—such as improved housing, diet, work loads, and access
to private healthcare—have important direct effects on child health in this
population. However, social relationships, especially family environment,
may have important effects on childhood psychosocial stress and illness.
Abnormal glucocorticoid response profiles, diminished immunity, and fre-
quent illness are associated with unstable mating relationships of parents/
caretakers and household composition. We suggest that family relationships
and concomitant stress and immunosuppression are important intermediary
links between socioeconomic conditions and child health. Am J Phys Anthro-
pol 102:33-53,1997. e 1997 Wiley-Liss, Inc.

Studies of socioeconomic conditions (SECs)
and health in Western societies indicate
consistent trends. Income, occupation, and edu-
cation are associated with a wide variety of
iliness as well as rates of morbidity and mortal-
ity (Marmot et al., 1987; lllsley and Baker,
1991; House et al., 1991; Margolis et al., 1992).
Wealthy, well-employed, highly educated people
are healthier than those less fortunate.

However, the obvious explanation of a
better physical environment—improved
housing, work conditions, nutrition, health
care, and reduced exposure to pathogens
and poisons—is insufficient (Marmot et al.,
1991; Ellis, 1994). The specific mechanisms
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underlying the pervasive association be-
tween SECs and health are surprisingly
uncertain. Psychosocial stress! and associ-

1Stress or stressful are terms that have elusive meanings; a
recent review called the attempt to define stress “an exercise in
futility” (Levine et al., 1989:341). Some of the confusion may be
semantic, but much of the problem originates with the misconcep-
tion that there is a uniform, general physiological response to a
variety of “stressors” that perturb the organism (see critiques by
Mason, 1971; Levine et al., 1989). In this paper we attempt to
avoid this quagmire by referring to glucocorticoid stress response
as a specific, measurable phenomenon. We believe an evolution-
ary perspective of physiological responses and their effects may
help clarify the definitional issue. We hypothesize that human
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ated immunosuppression are possible inter-
mediaries (Adler et al., 1994; Kiecolt-Glaser
etal., 1988, 1994; Black, 1994).
Investigation of relations among SECs,
psychosocial stress, and health has been
hampered by the lack of noninvasive tech-
niques for measurement of stress hormones.
Frequent collection of plasma samples in
nonclinical settings is not feasible. The devel-
opment of saliva immunoassay techniques
(Hiramatsu 1981; Riad-Fahmy et al., 1983),
however, presents new opportunities for
stress research (Kirschbaum et al., 1992).
Saliva is relatively easy to collect and store,
especially under adverse field conditions
faced by anthropologists (Ellison, 1988).
Here we investigate relations among
SECs, family environment, glucocorticoid
stress response, and child health in a rural
village (Bwa Mawego?) on the east coast of
Dominica. We suggest that SECs affect child
health indirectly via their influence on pat-
terns of family organization and consequent
levels of psychosocial stress (Fig. 1). Analy-
ses of data indicate that children living in
households with intensive, stable caretak-
ing usually have moderate levels of stress
hormones and a low frequency of illness.
Children living in households with noninten-

psychosocial stress responses have evolved to be sensitive to
conditions for which adaptive contingencies exist (i.e., conditions
to which individuals benefit from changing their behavior in
ways that are influenced by physiological/neurological effects of
stress responses; see also footnote 3).

2pseudonyms for the community and individuals are used for
confidentiality.

Hypothesized relations among SECs, family environment, stress, and health.

sive, unstable caretaking are more likely to
have high, low, and/or unusually variable
levels of stress hormones and a high fre-
guency of illness.

STRESS RESPONSE MECHANISMS
AND THEORY

Physiological response to environmental
stimuli that are perceived as stressful is
modulated by the limbic system (amygdala
and hippocampus) and basal ganglia which
interact with the sympathetic and parasym-
pathetic nervous systems and two neuroen-
docrine axes: the sympathetic-adrenal med-
ullary system (abbreviated as SAM) and the
hypothalamic—anterior pituitary—adrenal
cortex system (abbreviated as HPA). The
SAM and HPA systems affect a wide range of
physiological functions in concert with other
neuroendocrine mechanisms and involve
complex feedback regulation. The SAM sys-
tem controls the catecholamines norepineph-
rine and epinephrine (adrenalin). The HPA
system regulates glucocorticoids, primarily
cortisol (for reviews see Rose, 1980; Gray,
1987; Sapolsky, 1992a,b; McEwen, 1995).
These two major neuroendocrine systems
are interdependent (Axelrod and Reisine,
1984) but have distinct physiological effects
and response sensitivities to different stress-
ors.

Cortisol is a key hormone produced in
response to physical and psychosocial stress-
ors (Mason, 1968; Selye, 1976). Cortisol
modulates a wide range of somatic func-
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tions, including energy release (e.g., stimula-
tion of hepatic gluconeogenesis in concert
with glucagon and inhibition of the effects of
insulin), immune activity (e.g., downregula-
tion of inflammatory response and the cyto-
kine cascade), mental activity (e.g., alert-
ness, memorization, and learning), growth
(e.g., inhibition of growth hormone and so-
matomedins), and reproductive function
(e.g., inhibition of gonadal steroids, includ-
ing testosterone). These complex, multiple
effects of cortisol muddle understanding of
its adaptive functions. The demands of en-
ergy regulation must jibe with those of im-
mune function and so forth. Mechanisms for
localized targeting (e.g., glucose uptake by
active vs. inactive muscle tissues and neuro-
peptide directed immune response) provide
fine tuning of the above general physiologi-
cal effects. Cortisol regulation allows the body
to respond to changing environmental condi-
tions by preparing for specific short-term de-
mands (Mason, 1971; Munck et al., 1984).

These temporary beneficial effects of gluco-
corticoid stress response, however, are not
without costs. Persistent activation of the
HPA system is associated with immune defi-
ciency, cognitive impairment, inhibited
growth, delayed sexual maturity, damage to
the hippocampus, and psychological malad-
justment (Ader et al., 1991, 1995; Dunn,
1989, 1995; Geiser, 1989; Glaser and Kiecolt-
Glaser, 1994). Chronic stress may diminish
cellular energy (lvanovici and Wiebe, 1981;
Sapolsky, 1986, 1991) and produce complica-
tions from autoimmune protection (Munck
etal., 1984; Munck and Guyre, 1991). Stress-
ful life events—such as divorce, death of a
family member, change of residence, or loss
of a job—are associated with infectious dis-
ease and other health problems (Cohen,
1988; Cohen et al., 1989; House et al., 1988;
Kaplan, 1991; Herbert and Cohen, 1993;
Maier et al., 1994; Rabkin and Steuning,
1976).

Current psychosocial stress research sug-
gests that cortisol response is stimulated by
uncertainty that is perceived as significant3

3In evolutionary terms, significant is used in the sense of a
fitness-altering event. As a product of natural selection, cognitive
processing of information in regard to stress involves assessment
of fitness consequences of potential stressors. Positive or nega-
tive effect is irrelevant. The criterion is whether stimulation of a
stress response would be advantageous (fitness-maximizing).

and for which behavioral responses will
have unknown effects (Fredrikson et al.,
1985; Levine, 1993; Haggerty et al., 1994;
Kirschbaum and Hellhammer, 1989, 1994).
That is, important events are going to hap-
pen, and the child does not know how to
react but is highly motivated to figure out
what should be done. Cortisol release is
associated with unpredictable, uncontrol-
lable events that require full alert readiness
and mental anticipation. In appropriate cir-
cumstances, temporary moderate increases
in stress hormones (and associated neuropep-
tides) may enhance mental activity for short
periods in localized areas, hence improving
cognitive processes for responding to social
challenges (cf. Coe et al., 1985; Martinez,
1986; Breier et al., 1987; Martignoni et al.,
1992; McEwen and Sapolsky, 1995). Mental
processes unneccesary for appropriate re-
sponse may be inhibited, perhaps to reduce
external and internal “noise” (Servan-
Schreiber et al., 1990; cf. Wolkowitz et al.,
1989, 1990; Newcomer et al., 1994).
Relations between cortisol production and
emotional distress, however, are difficult to
assess because of temporal and interindivid-
ual variation in HPA response (Tennes and
Mason, 1982; Hubert and de Jong-Meyer,
1989; Young et al., 1991; Kagan, 1992; Nach-
mias et al., 1996). Habituation may occur to
repeated events for which a child acquires
an effective mental model. Attenuation and
below normal levels of cortisol may follow a
day or more after emotionally charged
events. Chronically stressed children may
develop abnormal cortisol response, possibly
via changes in binding globulin levels, and/or
reduced affinity or density of glucocorticoid
or CRH/vasopressin receptors in the brain
(Fuchs and Flugge, 1995). Early experience—
such as perinatal stimulation of rats (Meaney
et al., 1991), prenatal stress among rhesus
macaques (Coe et al., 1989, 1992; Schneider
et al.,, 1992; Clarke, 1993), and prenatal
trauma (Magnano et al., 1992; Takahashi,
1992) and sexual abuse (De Bellis et al.,
1994) among humans—may permanently
alter HPA response (cf., Insel, 1990). And
personality may affect HPA response (and
vice versa), because children with inhibited
temperaments tend to have higher cortisol
levels than extroverted children (Kagan et
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al., 1988; cf. Flinn and England, 1995; Gun-
nar et al., 1995; Hertsgaard et al., 1995;
Nachmias et al., 1996).

Further complications arise from interac-
tion between HPA stress response and a
wide variety of other neuroendocrine activi-
ties, including modulation of catecholamines
(SAM), corticotropin-releasing hormone
(CRH), melatonin, testosterone, serotonin,
B-endorphins, cytokines, and enkephalins
(Axelrod and Reisine, 1984; De Kloet, 1991;
Sapolsky, 1992a; Saphier et al., 1994).
Changes in cortisol for energy allocation and
modulation of immune function may be con-
fused with effects of psychosocial stress.
Oxytocin and vasopressin intracerebral bind-
ing sites are associated with familial attach-
ment in mammals (Insel, 1992; Winslow et
al., 1993) and may influence distress involv-
ing caretaker-child relationships. Concur-
rent monitoring of all these neuroendocrine
activities would provide important informa-
tion about stress response but is not possible
in a nonclinical setting with current tech-
niques.

In sum, assessment of relations between
emotional states and cortisol is complex,
requiring many components: longitudinal
monitoring of hormone levels; control of
extraneous effects from physical activity,
circadian rhythms, and food consumption;
knowledge of individual differences in tem-
perament, experience, and perception; and
awareness of cultural context. Anthropologi-
cal research that integrates biology and
ethnography is particularly well suited to
these demands (e.g., Armelagos et al., 1992;
Brown, 1981, 1982; Dressler et al., 1988;
Ellison, 1994; Goodman et al., 1988; Hanna
et al., 1986; James et al., 1989; Pollard,
1995; Pearson et al., 1993; Shell-Duncan,
1993, 1995; Panter-Brick et al., 1996; Werner,
1985). Physiological assessment in concert
with ethnography and coresidence with chil-
dren and their families in a small village
over a 9 year period can provide intimate,
prospective, naturalistic information un-
available to clinical studies.

MATERIALS AND METHODS
Research design

Longitudinal monitoring of cortisol in a
natural (nonclinical) environment was used

to identify specific psychosocial causes and
consequences of childhood stress. Data
analyses examine both long-term (cumula-
tive) and short-term (day-to-day, hour-by-
hour) associations among cortisol levels, fam-
ily composition, socioeconomic conditions,
behavioral activities, immune response, and
illness.

Variables and measures are as follows.
Physiological stress response was assessed
by radioimmunoassay (RIA) of cortisol lev-
els in saliva. Analyses examine mean val-
ues, variation, and day-to-day and hour-by-
hour profiles of standardized (circadian time
control) cortisol data. Family composition
was assessed by age, sex, genealogical rela-
tionship, and number of individuals in the
caretaking household. Socioeconomic condi-
tions included household income, material
possessions, land ownership, occupations,
and educational attainment. Caretaking at-
tention was assessed by frequencies and
types of behavioral interaction, informant
ratings of caretaking that children received,
and informant interviews. Personality and
temperament were assessed by culturally
appropriate versions of EAS (Buss and Plo-
min, 1984) and five-factor (Goldberg, 1992,
1993) instruments, informant (peers, par-
ents, teachers, neighbors) interview, and
behavioral observation. Immune response
was assessed by RIA of neopterin and inter-
leukins-1 and -8, turbidimetric immunoas-
say of secretory-immunoglobulin A, and mi-
croparticle enzyme immunoassay of
microglobulin B, from saliva samples. Health
was assessed by observed type, frequency,
duration, and severity of medical problems
(diarrhea, influenza, common cold, asthma,
abrasions, rashes, etc.), informant (parents,
teachers, neighbors) ratings, medical re-
cords (including weight measurements) from
the public healthcare system, and physical
examination by a medical doctor. In this
study, the quantitative measure of health
used is percentage of days ill, the proportion
of days that a child was observed (directly by
researchers) with common benign tempo-
rary infectious diseases (89% were URTIs—
e.g., rhinovirus, adenovirus, and influenza;
6% were diarrheal; 5% were miscellaneous
indeterminate—e.g., febrile without other
symptoms). Daily activities and emotional
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states were assessed from caretaker and
child self-report questionnaires, systematic
behavioral observation (focal follow and in-
stantaneous scan sampling), and partici-
pant observation. Multiple sources of infor-
mation were cross-checked to assess reliability
(Bernard et al., 1984).

The primary focus of this study is on
relations among percentage of days ill, socio-
economic conditions, family composition, and
stress. Caretaking attention, temperament,
immune function, daily activities, and emo-
tional states are analyzed as secondary or
control variables; they are presented in more
detail in other publications.

Study site

Bwa Mawego is a rural village located on
the east coast of Dominica. The 780 =
residents live in 206 = structures/house-
holds that are loosely clumped into five
hamlets or neighborhoods. The population is
of mixed African, Carib, and European de-
scent. The village is isolated because it sits
at the dead end of a rough road passable by
small trucks except for occasional periods
during the rainy season (the road was im-
proved and partially paved in 1991 and
1993). Part-time residence is common, with
many individuals emigrating for temporary
work to other parts of Dominica or off-island
(e.g., seasonal farm work in the United States
and Canada). Most residents cultivate bananas
and/or bay leaves as cash crops, and plantains,
dasheen, and a variety of fruits and veg-
etables as subsistence crops. Fish are caught
by free-diving with spear guns and from
small boats (hand-built wooden “canoes” of
Carib design) using lines and nets. Land is
communally “owned” by Kin groups but par-
celled for long-term individual use.

Most village houses are strung close to-
gether along roads and tracks. Older homes
are constructed of wooden planks and
shingles hewn by hand from local forest
trees; concrete block and galvanized roofing
are more popular today. Most houses have
one or two sleeping rooms, with the kitchen
and toilet as outbuildings. Children usually
sleep together on foam or rag mats. Wealthier
households typically have “parlors” with sit-
ting furniture. Electricity became available
in 1988; during the summer of 1995 about

70% of homes had current, 41% had tele-
phones, 11% had refrigerators, and 7% had
televisions. Water is obtained from streams,
spring catchments, and runoff from roofs.

The village of Bwa Mawego was appropri-
ate for the study of relations among SECs,
family environment, psychosocial stress, and
child health for the following reasons: 1)
there was substantial temporal and perma-
nent variability among individuals in the
factors under study (SECs, family environ-
ments, profiles of cortisol response, and child
health); 2) the village and housing were rela-
tively open, so behavior was easily observable;
3) kin tended to reside locally; 4) the number of
economic variables was reduced relative to
urban areas; 5) the language and culture were
familiar to the investigator; 6) there were use-
ful medical records; and 7) local residents wel-
comed the research and were most helpful.

The study involved 264 individuals aged 2
months to 18 years residing in 82 house-
holds. This was a nearly complete sample
(>95%) of all children living in four of the
five village hamlets during the period of
fieldwork. Research was conducted during
June—August 1988, June—August 1989,
May—-December 1990, May—August 1992, Ju-
ne—August 1993, December 1993-February
1994, May—August 1994, June—August 1995,
and June-July 1996.4 Cortisol data are from
saliva samples collected during July—Decem-
ber 1990, June—August 1992, June—August
1993, December 1993—-January 1994, June—
August 1994, and July 1995.5

*M.V.F. was assisted in the field by Eric Durbrow in 1988, 1989,
and 1990; Tomasz Beer, M.D., Ingrid Bozoky, and Carol Ward in
1990; Seamus Decker in 1992, 1993, and 1994; David Tedeschi in
1992 and 1993; Robert Quinlan and Marsha Quinlan in 1993,
1994, and 1996; Frank McCluskey and Charles Keckler in 1996;
and Mark Turner in 1993, 1994, 1995, and 1996.

5During August-December 1990 saliva was collected twice
daily from each child for four 6 day periods. Because saliva must
be collected during a limited time period, the study population
was divided into two roughly equal halves, with collection
periods alternating between them (i.e., 6 days with one-half, then
six days with the other; hence saliva was collected for a total of
four + four = eight 6 day periods). All-day “focal follows” with
hourly saliva collection were conducted with two children to
provide more precise information on cortisol variation. During
the 1992 field season, | was assisted by two graduate students,
and saliva was collected concurrently (each of us took one of three
separate routes) from all children during two 6 day periods.
During the 1993 and 1994 field seasons, | was assisted by three
graduate students, and saliva was collected concurrently from all
children during six 6 day periods. All-day focal follows with
hourly saliva collection were conducted with four children.
During 1995 and 1996, saliva was collected three or four times at
approximately 2 h intervals from all children over 6 and 3 day
periods. Additional all-morning focal follows with hourly saliva
collection were conducted with 30 infants and mothers by Mark
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Field techniques

Information on socioeconomic conditions,
household environment, caretaking atten-
tion, temperament, and health was collected
by standard ethnographic techniques includ-
ing interviews, behavioral scans, partici-
pant observation, and questionnaire instru-
ments. These methods are described in more
detail in other publications (Flinn, 1988;
Quinlan, 1995).

Data on physiological stress response were
derived from RIA of saliva samples (see
below). Saliva was collected by three rou-
tines. The primary routine was a twice-daily
collection in which an anthropologist and
research assistant walked set routes from
house to house, once in the morning (5:30 Am
to 9:00 am) and once in the afternoon (3:00
PM to 6:30 Pm). Most (16,652 of 22,438) saliva
samples were collected this way. The second
routine collected saliva three or four times
at 2 h intervals beginning in the early
morning and ending in the early afternoon
(2,362 of 22,438). The third routine used a
“focal follow” technique in which the child
was observed from dawn until early after-
noon or evening or the infant was observed
from dawn until early afternoon, both with
hourly saliva samples (3,424 of 22,438). Sa-
liva samples from some parents and other
caretakers were collected at the same time
as their children.

Our saliva collection protocol was as fol-
lows. First, each child rinsed her/his mouth
with fresh water. At this point, children
were checked for oral bleeding. Both food
and blood contamination may affect the in-
tegrity of samples (Ellison, 1988). Next,
children were given one-quarter to one-half
stick of Wrigley's gum (spearmint) to stimu-
late saliva production. After the gum was
chewed for about 1 min and the sugar swal-

Turner in 1994 and by Mark Turner and Mark Flinn in 1995.

The half-life of cortisol is about 1 h. However, we have
discovered that this is dependent on several factors, including
level of physical exertion (activity shortens the half-life) and the
type of stressor (some psychosocial stressors seem to involve
longer-term release patterns). Hence, there is not an easy answer
to this important issue. The affect of family interactions on
cortisol levels is probably accentuated in our sample because
most of the samples were collected during time periods (early
morning at home, late afternoon at home) that are likely to
involve family interactions. Hence, many of the observed trau-
matic family interactions occurred within 1-2 h of saliva collec-
tion. We are currently investigating such time effects in more
detail.

lowed saliva was deposited in disposable
plastic cups for about 3 min. For infants,
saliva was collected by swabbing with cotton
rolls (Turner, n.d.). Approximately 4 ml of
saliva was pipetted into labeled (name, date,
time, number) polystyrene test tubes and
preserved using sodium azide and refrigera-
tion. Analysis of cortisol levels requires pre-
cise information on time of collection, time of
waking from sleep, and individual sleep
schedule because there is a circadian pat-
tern to cortisol release (Fredrikson et al.,
1985; Van Cauter, 1990). Some hourly
samples were taken for finer-grained analy-
sis of temporal fluctuation in cortisol levels.
Daily activity, emotional state, and health
guestionnaires were administered concomi-
tant with saliva collection (see below).

Children readily acclimated to the collec-
tion procedure. However, introverted and
excitable children tended to have cortisol
levels that were higher than normal for the
first few days of saliva collection. Multiple
samples (more than 50 days of morning and
afternoon samples over several years) from
each child provided a more effective indica-
tion of stress response than a single collec-
tion design.

Laboratory procedures and data analysis

Cortisol levels in saliva samples were
determined by RIA techniques. Salivary cor-
tisol is a reliable measure of adrenal cortical
function (Hiramatsu, 1981; Umeda et al.,
1981; Vining et al., 1983; Bolufer, 1989;
Kirschbaum et al., 1992). All samples were
analyzed at the Ligand Assay Laboratory at
the University of Michigan Hospitals.

Our RIA protocol was as follows: 1) saliva
tubes were decapped and centrifuged at
2,400 rpm for 10 min at 6°C; 2) tubes were
placed in a rack for an automatic pipetting
robot, which pipetted 200 pl of saliva from
each sample tube into receiver tubes from
DPC 125] cortisol solid phase radioimmunoas-
say Kkits, and each sample was duplicated; 3)
radioactive label was added and tubes vor-
texed; 4) receiver tubes were placed in 37°C
water baths for 45 min, after which they
were aspirated (twice); 5) receiver tubes
were run through a gamma counter; and 6)
data from the counter were analyzed with a
statistical program (StatLI1A). Six standards
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(.-2-50 pg/dl) diluted 8:1 were used to deter-
mine the assay curve. B/BO ratios, covari-
ance of duplicates, and interassay variation
using these techniques are of high quality
(e.g., covariance of duplicates for 1993-1995
samples averaged 1.9%; covariance of inter-
assay duplicates averaged 4.1%).

Cortisol release follows a circadian pat-
tern, with highest levels around waking up
in the morning, diminishing to low levels
during evening hours and a nadir just before
or during sleep. For example, mean cortisol
levels when children had been awake for 10
min was .578 pg/dl, for 2 h it was .222 ug/dl,
and for 8 h it was .071 pg/dl. To control for
time (circadian) effects, raw cortisol mea-
sures were standardized by 5 min time
intervals from wake-up time.® For each time
interval, mean values and standard devia-
tions were computed.

Standardized values were generated as
time-controlled measures of cortisol re-
sponse as with the following hypothetical
example: the mean cortisol level of children
who have been awake for 60 min is .3 pg/dl
with standard deviation of .1 pg/dl. A cortisol
measure of .4 pg/dl from this time period
would have a standardized value of 1.0 (i.e.,
.4 pg/dl is one standard deviation (.1 pg/dl)
from the average (mean) value of .3 pg/dl).
This procedure allows comparison of cortisol
values from saliva collected at different
times. All cortisol data presented in this
paper are time standardized.

During saliva collection, children and their
caretakers were asked a series of questions
concerning what activities the child did that
day and how the child felt during these
activities. This self-report and caretaker-
report information on daily activities was
compared with behavioral observation data.
Health evaluations were also conducted daily
during saliva collection. If illness is indi-
cated, body temperature was checked using

S\Wake-up time is used because individuals have different sleep
schedules; some children arise habitually at 5:30 Am, whereas
others sleep until 7:00 or later. Hence, circadian time controls
must include individual differences and are most appropriately
based on wake-up time rather than absolute time (Flinn et al.,
1992). Five minute time intervals are necessary because of the
quick drop in cortisol levels during the morning (approximately a
1 hour half-life; from about .6 pg/dl 30 min after waking to .22
pg/dl at 120 min after waking). This technique requires a large
number of samples (>100 samples per time interval).

an oral thermometer. Blood pressure was
measured once a week.”

Most individuals exhibited a slight rise
(about .01 pg/dl at lunch, or 13%) in cortisol
levels after eating a meal or drinking caffein-
ated beverages. This postprandial rise was
most significant for the midday meal. Data
were not adjusted for eating and caffeine
intake because very few samples were taken
during lunchtime, the effect is small, and
the occurrence of eating and caffeine intake
were presumed random with regard to hy-
potheses tested. Individuals commonly have
small elevations in cortisol levels during
midday, usually in association with poten-
tial minor stressors (Holl et al., 1984).

Some individuals show a rise in cortisol
levels during and shortly after intensive
physical exertion (e.g., carrying heavy loads
of wood, water, bananas, or bay leaf). Physi-
cal exertion involving social interaction, such
as competitive sports, is associated with
more substantial elevation of cortisol levels,
particularly for males. Data were not ad-
justed for physical activity because only a
small proportion of samples was collected
when children were physically exerted, it
was difficult to determine how exerted chil-
dren were, and such activities are presumed
random with regard to hypotheses tested.
Because general activity levels are associ-
ated with cortisol, this presents a confound-
ing effect. Some children may have in-
creased cortisol response when they are
healthy and active and have abundant ener-
getic resources compared to when they are
inactive and have depleted energy reserves
(although severe food deprivation can result
in elevated cortisol levels).

RESULTS AND DISCUSSION

Family environment is a key intermediate
variable connecting socioeconomic
conditions and health

Associations between SECs and the fre-
guency of child illness in Bwa Mawego are
weakly positive (Fig. 2). Land ownership is
the only SEC significantly associated with
frequency of illness. This is surprising, given
that children from economically advantaged

“Blood pressure was measured during the 1990 and 1992 field
seasons only.
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Fig. 2. SECs were weakly associated with frequency
of illness (primarily upper respiratory infections with
visible symptoms—runny nose, sore throat, cough, and/or
fatigue) during 11 months of direct observation. R =

(high income, occupation, education) fami-
lies typically enjoyed a more varied diet,
access to medicines bought in town, expen-
sive clothes (e.g., better shoes for protection
from foot lacerations), better bedding, elec-
tricity for lighting and refrigeration, and
better toilet and food-preparation facilities.
But these material benefits apparently did
not significantly affect risk of illness.

There are many possible reasons why
associations between SECs and health might

Years of parental education

10 |

% days ill

0
garden fish road skill shop profes-
labor const. labor keeper sional

0.18 (N.S.),0.24 (N.S.),and 0.31 (P < .05) for (a) income,
(b) education, and (c) land, respectively. Vertical lines
represent 95% confidence intervals for (d) occupation.

not be as strong in Bwa Mawego as in
industrialized populations. Wealthy fami-
lies may not have a healthier diet (e.g., they
eat more processed food such as tinned
meat) or neighborhood environment (wealthy
and poor houses are intermingled). Wealthy
families may exercise less (e.g., less physical
labor such as carrying water), and adults
may drink more alcohol and smoke more
cigarettes (because they have cash to buy
them). Wealthy and poor children may be
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TABLE 1. Household composition (primary caretakers) of study sample

Children in sample

1990-1991 1992 1993-1994 1995
Household composition N % N % N % N %
Biparental (nuclear) 69 33.0 81 34.9 86 36.1 73 35.8
Biparental, father absent >50% 24 11.5 14 6.0 16 6.7 14 6.8
Single mother 19 9.1 27 11.6 27 11.3 22 10.8
Single mother + kin 24 115 28 121 25 10.5 22 10.8
Single father 3 14 2 0.9 1 0.4 1 0.4
Grandmother 26 12.4 28 12.1 29 12.2 21 10.3
Grandparents 14 6.7 16 6.9 16 6.7 16 7.8
Other kin (aunt, cousin) 4 1.9 6 2.6 6 25 6 29
Mother + stepfather without kids 3 14 3 1.3 3 1.3 3 15
Mother + stepfather with kids 19 9.1 22 9.5 24 10.1 21 10.3
Nonrelative 7 3.3 5 2.2 5 2.1 5 2.4

equally exposed to pathogens and environ-
mental hazards (because they intermingle
and roam the community). Healthcare is
public and available equally to all.

An alternative explanation for the pattern
of associations between SECs and frequency
of illness in Bwa Mawego involves family
organization. Acquisition and control of socio-
economic resources is a fundamental human
motivation that has important effects on
family relationships. The wide cross-cul-
tural range of human patterns of mating
and residence of kin are associated with
subsistence activities (Murdock, 1949; Irons,
1983; Flinn and Low, 1986; cf. Emlen, 1995).
Among Caribbean populations, SECs are
strongly associated with family organization
(Clarke, 1957; Rodman, 1971; Flinn, 1986;
Smith, 1988). Temporary and migratory
wage labor foster unstable mating relation-
ships and multigenerational matrilocal resi-
dence and caretaking. Land ownership is
associated with stable mating relationships,
biparental caretaking, and enhanced ag-
natic kin relationships (Flinn, 1992).

Children in Bwa Mawego live in a variety
of family environments. Table 1 provides
information on frequencies of 13 general
types of household composition of the study
sample during the field seasons of 1990-—
1991, 1992, and 1993-1994. Household com-
position in the Caribbean is dynamic; in
Bwa Mawego during 1990-1994, 31% of
households with children changed composi-
tion (category) at least once, and many
children (27%) resided in more than one
household. Household was defined as a physi-
cal structure (house) in which a family re-

sides (sleeps, eats meals, stores possessions,
etc.). The social and physical reality of care-
taking households varied. Most had exten-
sive kin ties to other households, often result-
ing in a “compound” of neighboring families.
Others are more isolated. Other important
aspects of a child’s family environment may
include the parents’ marital relations, ties to
relatives residing in other households, and
use of alcohol by one or more caretakers.

SECs are weakly associated with family
environment (Fig. 3). As with frequency of
illness, land ownership is the only SEC that
is significantly associated with household
composition (lower education of grandpar-
ents results from their age; schooling was
less available in the past).

The pattern of associations between SECs
and child illness observed previously (Fig. 2)
may result from differences in family envi-
ronment. Household composition is associ-
ated with child illness regardless of SECs
(Fig. 4). Children living with nonrelatives,
stepfathers + half siblings (stepfather has
children by the stepchild’'s mother), or single
parents without kin support were ill more
frequently than children living with both
parents, single mothers with Kin support, or
grandparents. A further test of this hypoth-
esis is provided by comparison of step- and
genetic children residing in the same house-
holds (Fig. 5). Stepchildren were ill more
frequently than their half siblings residing
in the same household who were genetic
offspring of both parents.

Family environment may be associated
with child health for several reasons. First,
household composition may affect physical
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Fig. 3. SECs and family composition. Vertical bars represent 95% confidence intervals (1.96 SE). No
significant differences exist for per capita household income. Grandparent households averaged fewer
years of education. Single mother households had less land than biparental, single mother + kin, and
grandparent households.
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Fig. 4. SECs, household composition, and illness.
Vertical bars represent 95% confidence intervals (1.96
SE) for groups with five or more children. Low, moder-
ate, and high tertile SEC composite measures are
represented by solid, hatched, and shaded bars respec-
tively. Children living with single mothers, stepfather +
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Fig. 5. SECs and frequency of illness among step-
and genetic children residing in the same household.
Low, moderate, and high tertile SEC composite mea-
sures are represented by solid, hatched, and shaded
bars, respectively. In 34 of 43 dyads stepchildren had
higher frequencies of illness than their coresident half
siblings who were genetic offspring of both resident
parents. Average age of stepchildren is 11.3 years,
genetic children 8.4 years. Vertical lines for groups with
five or more children show 95% confidence intervals.

aspects of caretaking (e.g., breast-feeding,
bathing, protection from hazards, and gen-
eral hygiene). Second, household composi-
tion may affect a child’s psychosocial environ-
ment. In Bwa Mawego, marital conflict,

half sibs, or distant relatives were ill more frequently
than children living with both parents, single mother +
kin, or grandparents. No significant SEC differences in
frequency of illness within household composition type
are evident.

residence change, and other potentially trau-
matic events were associated with house-
hold composition. Both physical and psycho-
social aspects of a child’s environment may
affect stress and immune function.

Childhood stress is a key intermediate
variable linking family environment,
health, and socioeconomic conditions

Human infants and juveniles cannot sur-
vive, let alone develop effective social skills,
without assistance from parents or other
caretakers. Relationships within the caretak-
ing household are essential for the develop-
ing child (Bowlby 1969, 1973). Composition
of the family or caretaking household may
have important effects on child development
(Kagan, 1984; Whiting and Edwards, 1988).
For example, in Western cultures, children
with divorced parents may experience more
emotional tension or stress than children
living in a stable two-parent family (Waller-
stein, 1983; Pearlin and Turner, 1987; Gott-
man and Katz, 1989).

Associations between average cortisol lev-
els of children and household composition
are presented in Figure 6. Children living
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Nuclear Nuclear Single Single Grand Grand Step Step Distant
dad abs mother mother mother parents father father, relatives

> 50%

+ kin

half-sibs

Household composition

Fig. 6. Household composition and cortisol. Vertical bars represent 95% confidence intervals (1.96 SE).
Sample sizes (humber children, number cortisol saliva assays) are, respectively, as follows: 89, 6,905; 28,
2,234; 30, 2,296; 31, 2,581; 32, 2,645; 16, 1,341; 5, 279; 24, 1,870; 9, 482.

with nonrelatives, stepfathers + half sib-
lings (stepfather has children by the step-
child’s mother), or single parents without
kin support had higher average levels of
cortisol than children living with both par-
ents, single mothers with kin support, or
grandparents.8 A further test of this hypoth-
esis is provided by comparison of step and
genetic children residing in the same house-
holds (Fig. 7). Step children had higher
average cortisol levels than their half sib-
lings residing in the same household who
were genetic offspring of both parents.

We conclude from these data that child-
hood stress is associated with household
composition. There are several possible rea-
sons. Children in difficult caretaking envi-
ronments may experience chronic stress re-
sulting in moderate-high levels of cortisol
(i.e., achild has cortisol levels that are above
average day after day). They may experi-
ence more acute stressors that substantially
raise cortisol for short periods of time. They
may experience more frequent stressful

8The relation between cortisol levels and household composi-
tion for infants (1-14 months) is less certain. Preliminary
analyses indicate infants in households without fathers had
lower cortisol levels than infants in households with coresident
fathers (Turner et al., 1995). However, this may reflect higher
activity levels, different sleeping patterns, age effects, and/or
more frequent breast-feeding among father-resident infants
rather than higher levels of psychosocial stress.

1

T
0 %7
[ ——

Cortisol (standardized)

genetic step-
-1- offspring offspring
(N = 25) (N =27)

Fig. 7. Average (mean) cortisol levels of step and
genetic children residing in the same household. In 38 of
43 dyads stepchildren had higher mean cortisol levels
than their coresident half siblings who were genetic
offspring of both resident parents. Average age of step-
children was 11.3 years, genetic children 8.4 years.
Vertical lines show 95% confidence intervals.

events (e.g., parental chastisement or mari-
tal quarreling [see Wilson et al., 1980; Flinn,
1988; Finkelhor and Dzuiba-Leatherman,
1994]) that temporarily raise cortisol. There
may be a lack of parental consolation or
reconciliation. And they may have inad-
equate coping abilities, perhaps resulting
from difficult experiences in early develop-
ment. The following case examples present
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Fig.8. Morning and afternoon cortisol levels of Jenny
during summer 1994. Late June cortisol levels are
normal, but, after being reprimanded by her mother on
the morning of July 17, she had elevated cortisol levels

temporal analyses of family relations and
cortisol levels that illustrate some of the
above possibilities.

Jenny was a 12-year-old girl who lived
with her grandparents, aunt, and uncle. Her
mother had lived in Guadeloupe for the past
10 years. At 9:17 am on July 17, 1994, |
(M.V.F.) observed the following events. Way-
onne, a 6-year-old male cousin who was
visiting for the week, threw a stone at Jenny,
who was sweeping in front of the house. She
responded by scolding Wayonne, who pouted
and retreated behind a mango tree. Way-
onne found a mango pit and lobbed it to-
wards Jenny but missed and hit a dress
hanging on a clothesline, marking it with a
streak of red dirt. Jenny ran to Wayonne,
and struck him on the legs with her broom.
He began to cry, arousing the interest of
granny Ninee, who emerged from the cook-
ing room, asked what happened, and, upon
hearing the story, scolded Jenny for beating
Wayonne. Jenny argued that she was in the
right, but granny Ninee would not hear of it

for 1 day, followed by depressed cortisol levels for 2 days.
Jenny exhibited symptoms of an upper respiratory
illness with slight fever (common cold, probably rhinovi-
rus) on the afternoon of July 20.

and sent her into the house. Jenny appeared
frustrated but looked down and kept quiet
despite a quivering lip.

Jenny’s cortisol levels were substantially
elevated that afternoon, followed by subnor-
mal levels the next day (a possible recovery
period?). Three days after the incident she
reported feeling ill and had a runny nose
and oral temperature of 99.9°F (Fig. 8).

On June 28, 1992, a serious marital con-
flict erupted in the Franklin household. Am-
anda was a 34-year-old mother of six chil-
dren, five of whom (ages 2, 3, 5, 8, and 14)
were living with her and their father/
stepfather, Pierre Franklin. Amanda was
angry with Pierre for spending money on
rum. Pierre was vexed with Amanda for
shaming him in front of his friends. He left
the village for several weeks, staying with a
relative in town. His three genetic children
(ages 2, 3, and 5) showed abnormal cortisol
levels for a prolonged period following their
father’s departure (Fig. 9). Children usually
habituated to most stressful events, but
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Fig. 9. Marital conflict and cortisol levels in the
Franklin family. Three genetic children (2-, 3-, and
5-year-old males) are represented by lightly shaded,
darkly shaded, and solid triangles, respectively, and two
step children (8- and 14-year-old females) are repre-
sented by open and shaded circles, respectively. Cortisol
levels of three genetic children were normal before the

absence of a parent often resulted in abnor-
mal patterns of elevated and/or subnormal
cortisol levels. Following the return of their
father, the Franklin children’s cortisol levels
resumed a more normal profile. Children
living in families with high levels of marital
conflict (observed and reported serious quar-
reling, fighting, residence absence) were
more likely to have abnormal cortisol pro-
files than children living in more amiable
families.

The events in children’s lives that were
associated with elevated cortisol are not
always traumatic or even negative. Eating
meals, hard physical work, routine competi-
tive play such as cricket, basketball, and
“king of the mountain” on ocean rocks, and
the return of a family member who was
temporarily absent (e.g., father returning

conflict, rose during the conflict and during father’s
absence, briefly rose upon his return, and returned to
normal (lower) levels. The younger of the two stepchil-
dren had a pattern of abnormally high cortisol, although
her levels were moderate during the stepfather’s ab-
sence. The older stepdaughter had a similar but more
normal pattern of cortisol levels.

from a job in town for the weekend) were
associated with temporary moderate in-
creases (about 10-100%) in cortisol among
healthy children. These moderate stressors
usually had rapid attenuation (<1 h) of
cortisol levels (some stressors had character-
istic temporal signatures of cortisol level
and duration).

High stress events (cortisol increases from
100-2,000%), however, most commonly in-
volved trauma from family conflict or change
(Flinn and England, 1995; Flinn et al., 1996).
Punishment, quarreling, and residence
change substantially increased cortisol lev-
els, whereas calm, affectionate contact was
associated with diminished (—10 to —50%)
cortisol levels. Of all cortisol values that
were more than two standard deviations
above mean levels (i.e., indicative of substan-
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tial stress), 19.2% were temporally associ-
ated with traumatic family events (resi-
dence change of child or parent/caretaker,
punishment, shame, serious quarreling,
and/or fighting) within a 24 h period. Also,
42.1% of traumatic family events were tem-
porally associated with substantially ele-
vated cortisol (i.e., at least one of the saliva
samples collected within 24 h was >2 S.D.
above mean levels). Not all individuals had
detectable changes in cortisol levels associ-
ated with family trauma. Nonetheless, trau-
matic family events were associated with
elevated cortisol levels for all ages of chil-
dren more than any other factor that we
examined. These results indicate that fam-
ily interactions were a critical psychosocial
stressor in children’s lives, although the
sample collection during periods of intense
family interaction (early morning and late
afternoon) may have accentuated this asso-
ciation.

Although elevated cortisol levels are asso-
ciated with traumatic events such as family
conflict, long-term stress may result in di-
minished cortisol response. In some cases
chronically stressed children had blunted
response to physical activities that normally
evoked cortisol elevation. Comparison of cor-
tisol levels during nonstressful periods (no
reported or observed crying, punishment,
anxiety, residence change, family conflict, or
health problem during the 24 h period before
saliva collection) indicates a striking reduc-
tion and, in many cases, reversal of the
family environment-stress association (Flinn
and England, 1995). Chronically stressed
children sometimes had subnormal cortisol
levels when they were not in stressful situa-
tions. For example, cortisol levels immedi-
ately after school (walking home from school)
and during noncompetitive play were lower
among some chronically stressed children
(cf. Long et al., 1993). Some chronically
stressed children appeared socially tough or
withdrawn and exhibited little or no arousal
to the novelty of the first few days of the
saliva collection procedure.

Concomitant with abnormal cortisol re-
sponse is possible immunosuppression; some
chronically stressed children appear to have
reduced cell-mediated (neopterin, microglob-
lin B,), humoral (secretory-immunoglobulin

A), and/or nonspecific (neutrophil recruit-
ment via interleukin-8) immunity (Flinn et
al., 1995, in preparation). Stress response
may deplete cellular energy and immune
reserves (perhaps involving protection from
autoimmunity). Although cortisol may pro-
vide short-term benefits, the body needs to
replenish energy reserves to provide for
immunity, growth, and other functions.
Chronic stress and high average cortisol
levels are associated with frequency of ill-
ness (Fig. 10), a stress—health relation sug-
gested by temporal associations such as the
above example of Jenny (Fig. 8), in which
illness follows several days after a high
stress event (see also Mason et al., 1979;
Cohen et al., 1991, 1993; Stone et al., 1992;
Evans and Pitt, 1994; Boyce et al., 1995).
This association between illness and cortisol
is significant within as well as among house-
holds (Flinn et al., 1992).

Longitudinal analysis of caretaking histo-
ries indicates that children may have sensi-
tive periods for development of stress re-
sponse. Children with severe caretaking
problems during infancy (neglect, parental
alcoholism, and/or maternal absence) and/or
growth disruptions (weight loss of >10% of
body weight) during the first 2 years of life
(see black dots in Fig. 10) usually exhibit one
of two distinct cortisol profiles: 1) unusually
low basal cortisol levels with occasional high
spikes or 2) chronically high cortisol levels.
The first type (low basal, high spikes) is
associated with hostility and antisocial be-
havior (e.g., theft, running away from home)
and is more common among males. The
second type (chronically high) is associated
with anxiety and withdrawal behavior and
is more common among females. These pro-
files are suggestive of diminished glucocorti-
coid regulatory function of the hippocampus
(cf. Gray, 1987; Sapolsky, 1991; Yehuda et
al., 1991; McBurnett et al., 1991).

Some children exhibit longitudinal change
in cortisol profiles concomitant with an im-
proved family environment, but others do
not. Unlike many other potential stressors,
most children do not seem to habituate
readily to family trauma. Some parental
actions may lack predictability and contro-
lability necessary for development of actions
or perceptions that reliably alleviate stress
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Fig. 10. Children’s average cortisol levels were asso-
ciated with frequency of illness (primarily upper respira-
tory infections with visible symptoms—runny nose, sore
throat, cough, and/or fatigue) during 11 months of direct
observation. Samples collected when the child was ill
were excluded from computation of average cortisol
values because cortisol levels tend to be higher during

response (Garmezy, 1983; Robins, 1983; Rut-
ter, 1983; Hinde and Stevenson-Hinde, 1987).

SUMMARY AND CONCLUDING REMARKS

Glucocorticoid stress response may be
viewed as an adaptive mechanism that allo-
cates energy resources to different bodily
functions, including immunity, growth,
muscle action, and cognition (Maier et al.,
1994; Sapolsky, 1994; McEwen, 1995). Un-
derstanding the algorithms by which stress
response allocation decisions are made is
important because of consequences for health
and psychological development (Tinbergen,
1974).

The family is the most critical source of
physical and social resources for children.
Throughout human evolutionary history,
parents and close relatives provided calo-

illness (Flinn and England, 1994). The sample includes
children with more than 50 days of observation and
more than 50 salivary cortisol measures. R = 0.346, P <
.01. Black circles indicate children with significant
growth disruptions (less than tenth percentile WHO
weight for age or loss of more than 10% body weight)
during the first 2 years of life.

ries, protection, and information necessary
for survival, growth, health, social success,
and eventual reproduction (Alexander, 1974;
Konner, 1981; Lancaster and Lancaster,
1987). The human mind is likely to have
evolved special sensitivity to interactions
with family caretakers, particularly during
infancy and early childhood (Petrovich and
Gewirtz, 1985; Belsky et al., 1991; Daly and
Wilson, 1988, 1995; Baumeister and Leary,
1995). Release of cortisol and other stress
hormones in response to traumatic family
events may modulate energy and mental
activity to resolve perceived psychosocial
problems but may diminish immunity and
other health functions.

The objective of our long-term ethno-
graphic study in Bwa Mawego is to monitor
children’s social and physical environment,
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behavioral activities, health, mental percep-
tions, and physiological states in a naturalis-
tic setting to better understand relations
among family environment, stress responses,
and health. Analyses of data indicate that
children living in households with intensive,
stable caretaking usually had moderate cor-
tisol levels (Figs. 6, 7) and low frequency of
illness (Figs. 4, 5, 10). Children living in
households with nonintensive, unstable care-
taking were more likely to have abnormal
(usually high and variable but sometimes
low) cortisol levels. Traumatic family events
were associated temporally with elevated
cortisol levels (Fig. 9). Some children with
caretaking and growth problems during in-
fancy had unusual cortisol profiles. These
associations indicate that family environ-
ment was a significant source of stress and
illness risk for children living in Bwa
Mawego. The variability of stress response,
however, suggests a complex mix of each
child’s perceptions, neuroendocrinology, tem-
perament, and specific context.

Relations between family environment and
cortisol stress response appear to result
from a combination of factors, including
frequency of traumatic events, frequency of
positive affectionate interactions, frequency
of negative interactions such as irrational
punishment, frequency of residence change,
security of attachment, development of cop-
ing abilities, and availability or intensity of
caretaking attention. Probably the most im-
portant correlate of household composition
that affects childhood stress is maternal
care. Mothers in socially secure households
(i.e., permanent amiable coresidence with
mate and/or other kin) appeared more able
and more motivated to provide physical,
social, and psychological care for their chil-
dren. Mothers without mate or kin support
were likely to exert effort attracting poten-
tial mates and may have viewed dependent
children as impediments to this. Hence,
coresidence of the father may provide not
only direct benefits from paternal care but
also may affect maternal care (Lamb et al.,
1987; Lancaster, 1989; Belsky et al., 1991;
Flinn, 1992; Hurtado and Hill, 1992). Young
mothers without mate support usually re-
lied extensively upon their parents or other
kin for help with childcare.

Children born and raised in household
environments in which mothers have little
or no mate or kin support were at greatest
risk for abnormal cortisol profiles and associ-
ated health problems. Because SECs influ-
ence family environment, they have conse-
quences for child health that extend beyond
direct material effects. And because health
in turn may affect an individual’s social and
economic opportunities, a cycle of poor health
and low SECs may be perpetuated genera-
tion after generation.

ACKNOWLEDGMENTS

We thank the people of Bwa Mawego,
whose help, kindness, food, humor, honesty,
and insight made this research possible;
Dorian Shillingford, M.D., Chief Medical
Officer, and the Ministry of Health, Common-
wealth of Dominica, for cooperation, pa-
tience, and assistance; graduate student re-
search assistants Seamus Decker, Eric
Durbrow, Frank McCluskey, Marsha Quin-
lan, Robert Quinlan, David Tedeschi, and
Mark Turner for taking so much time and
care with each child in spite of having
exciting research projects of their own; To-
mas Beer, M.D., for tirelessly examining
child after child; and lab tech—-magician
Russ Possely for endless patience and good
humor. Research was supported by grants to
M.V.F. from the National Science Founda-
tion (BNS 8920569 and SBR 9205373, cul-
tural anthropology program) and the Na-
tional Institutes of Health (RR 3042 and RR
3348, UMRC). We also thank two anony-
mous reviewers for providing useful, de-
tailed comments that improved the manu-
script.

LITERATURE CITED

Ader R, Felten DL, and Cohen N (eds.) (1991) Psychoneu-
roimmunology. San Diego: Academic Press.

Ader R, Cohen N, and Felten D (1995) Psychoneuroim-
munology: Interactions between the nervous system
and the immune system. Lancet 345:99-103.

Adler NE, Boyce T, Chesney MA, Cohen S, Folkman S,
Kahn RL, and Syme SL (1994) Socioeconomic status
and health. Am. Psychol 49(1):15-24.

Alexander RD (1974) The evolution of social behavior.
Ann. Rev. Ecol. Syst. 5:325-383.

Armelagos GJ, Leatherman T, Ryan M, and Sibley L
(1992) Biocultural synthesis in medical anthropology.
Med. Anthropol. 14:35-52.

Axelrod J, and Reisine TD (1984) Stress hormones:
Their interaction and regulation. Science 224:452—
459.



50 M.V. FLINN AND B.G. ENGLAND

Baumeister RF, and Leary MR (1995) The need to
belong: Desire for interpersonal attachments as a
fundamental human motivation. Psychol. Bull. 117:
497-529.

Belsky J, Steinberg L, and Draper P (1991) Childhood
experience, interpersonal development, and reproduc-
tive strategy: An evolutionary theory of socialization.
Child Dev. 62:647-670.

Bernard HR, Killworth PD, Kronenfeld D, and Sailer L
(1984) The problem of informant accuracy: The valid-
ity of retrospective data. Ann. Rev. Anthropol. 13:495—
517.

Black PH (1994) Central nervous system—immune sys-
tem interactions: Psychoneuroendocrinology of stress
and its immune consequences. Antimicrobial Agents
and Chemotherapy 38:1-6.

Bolufer P, Gandia A, Rodriguez A, and Antonio P (1989)
Salivary corticosteroids in the study of adrenal func-
tion. Clin. Chim. Acta 183:217-226.

Born J, Hitzler V, Pietrowsky R, Pauschinger P, and
Fehm HL (1989) Influences of cortisol on auditory
evoked potentials (AEPs) and mood in humans. Neuro-
psychobiology 20:145-151.

Bowlby J (1969) Attachment. New York: Basic Books.

Bowlby J (1973) Separation—Anxiety and Anger. New
York: Basic Books.

Boyce WT, Chesney M, Alkon A, Tschann JM, Adams S,
Chesterman B, Cohen F, Kaiser P, Folkman S, and
Wara D (1995) Psychobiologic reactivity to stress and
childhood respiratory illnesses: Results of two prospec-
tive studies. Psychosom. Med. 57:411-422.

Breier A, Albus M, Pickar D, Zahn TP, Wolkowitz OM,
and Paul SM (1987) Controllable and uncontrollable
stress in humans: Alterations in mood and neuroendo-
crine and psychophysiological function. Am. J. Psychia-
try 144:1419-1425.

Brown D (1981) General stress in anthropological re-
search. Am. Anthropol. 83:74-91.

Brown D (1982) Physiological stress and culture change
in a group of Filipino-Americans: A preliminary inves-
tigation. Hum. Biol. 9:553-563.

Buss AH, and Plomin R (1984) Temperament: Early
developing personality traits. Hillsdale, NJ: Lawrence
Erlbaum Associates.

Clarke AS (1993) Social rearing effects on HPA axis
activity over early development and in response to
stress in rhesus monkeys. Dev. Psychobiol. 26:433—
446.

Clarke E (1957) My Mother Who Fathered Me. London:
Allen and Unwin.

Coe CL, Wiener SG, Rosenberg LT, and Levine S (1985)
Endocrine and immune responses to separation and
maternal loss in nonhuman primates. In M Reite and
T Field (eds.): The Psychobiology of Attachment and
Separation. New York: Academic Press, pp. 163—-199.

Coe CL, Lubach G, and Ershler WB (1989) Immunologi-
cal consequences of maternal separation in infant
primates. New Dir. Child Dev. 45:65-78.

Coe CL, Lubach G, Schneider ML, Dierschke DJ, and
Ershler WB (1992) Early rearing conditions alter
immune responses in the developing infant primate.
Pediatrics 90:505-509.

Cohen P, Velez CN, Brook J, and Smith J (1989) Mecha-
nisms of the relation between perinatal problems,
early childhood illness, and psychopathology in late
childhood and adolescence. Child Dev. 60:701-709.

Cohen S (1988) Psychosocial models of the role of social
support in the etiology of physical disease. Health
Psychol. 7:269-297.

Cohen S, Tyrrell DA, and Smith AP (1991) Psychological
stress and susceptibility to the common cold. N. Engl.
J. Med. 325:606-612.

Cohen S, Tyrrell DA, and Smith AP (1993) Negative life
events, perceived stress, negative effect, and suscepti-
bility to the common cold. J. Pers. Soc. Psychol.
64:131-140.

Daly M, and Wilson M (1988) Evolutionary social psychol-
ogy and family homocide. Science 242:519-524.

Daly M, and Wilson M (1995) Discriminiative parental
solicitude and the relevance of evolutionary models to
the analysis of motivational systems. In MS Gazza-
niga (ed.): The Cognitive Neurosciences. Cambridge:
MIT Press, pp. 1269-1286.

De Bellis M, Chrousos GP, Dorn LD, Burke L, Helmers
K, Kling MA, Trickett PK, and Putnam FW (1994)
Hypothalamic-pituitary-adrenal axis dysregulation in
sexually abused girls. J. Clin. Endocrinol. Metabol.
78:249-255.

De Kloet ER (1991) Brain corticosteroid receptor bal-
ance and homeostatic control. Frontiers Neuroendocri-
nol. 12(2):95-164.

Dressler WA, Grell GAC, Gallagher PN Jr and Viteri FE
(1988) Blood pressure and social class in a Jamaican
community. Am. J. Public Health 78:714-716.

Dunn AJ (1989) Psychoneuroimmunology for the psycho-
neuroendocrinologist: A review of animal studies of
nervous system—-immune system interactions. Psycho-
neuroendocrinology 14:251-274.

Dunn AJ (1995) Interactions between the nervous sys-
tem and the immune system: Implications for psycho-
pharmacology. In FR Bloom and DJ Kupfer (eds.):
Psychopharmacology: The Fourth Generation of
Progress. New York: Raven Press.

Ellis L (1994) Social status and health in humans: The
nature of the relationship and its possible causes. In L
Ellis (ed.): Social Stratification and Socioeconomic
Inequality, Vol. 2. Westport, CT: Praeger, pp. 123-144.

Ellison P (1988) Human salivary steroids: Methodologi-
cal considerations and applications in physical anthro-
pology. Yrbk. Phys. Anthropol. 31:115-142.

Ellison P (1994) Advances in human reproductive ecol-
ogy. Annu. Rev. Anthropol. 23:2255-2275.

Emlen ST (1995) An evolutionary theory of the family.
Proc. Nat. Acad. Sci. U. S. A. 92:8092-8099.

Evans P, and Pitts M (1994) Vulnerability to respiratory
infection and the four-day desirability dip: Comments
on Stone, Porter and Neale (1993). Br. J. Med. Psy-
chol. 67:387-389.

Finkelhor D, and Dzuiba-Leatherman J (1994) Victimiza-
tion of children. Amer. Psychol. 49:173-183.

Flinn MV (1986) Correlates of reproductive success in a
Caribbean village. Hum. Ecol. 14:225-243.

Flinn MV (1988) Step and genetic parent/offspring
relationships in a Caribbean village. Ethol. Sociobiol.
9(3):1-34.

Flinn MV (1992) Paternal care in a Caribbean village. In
B Hewlett (ed.): Father-Child Relations: Cultural and
Biosocial Contexts. Hawthorne, NY: Aldine, pp. 57-84.

Flinn MV, and England BG (1995) Family environment
and childhood stress. Curr. Anthropol. 36:854—-866.

Flinn MV, England BG, and Beer T (1992) Health
condition and corticosteroid stress response among
children in a rural Dominican village. Amer. J. Phys.
Anthropol. Suppl. 14:73 (abstract).

Flinn MV, and Low BS (1986) Resource distribution,
social competition, and mating patterns in human
societies. In D Rubenstein and R Wrangham (eds.):
Ecological Aspects of Social Evolution. Princeton Uni-
versity Press, Princeton N.J., pp. 217-243.

Flinn MV, Quinlan M, Quinlan R, Turner M, and
England BG (1995) Glucocorticoid stress response,
immune function, and illness among children in a
rural Caribbean village. Am. J. Hum. Biol. 7:122
(abstract).



CHILDHOOD STRESS AND HEALTH 51

Flinn MV, Turner MT, Quinlan R, Decker SD, and
England BG (1996) Male-female differences in effects
of parental absence on glucocorticoid stress response.
Hum. Nat. 7(2):125-162.

Fredrikson M, Sundin O, and Frankenhauser M (1985)
Cortisol excretion during the defense reaction in
humans. Psychosom. Med. 47:313-319.

Fuchs E, and Flugge G (1995) Modulation of binding
sites for corticotropin-releasing hormone by chronic
psychosocial stress. Psychoneuroendocrinology 30:
33-51.

Garmezy N (1983) Stressors of childhood. In N. Garmezy
and M. Rutter (eds.): Stress, coping, and development
in children. New York: McGraw-Hill, pp. 43-83.

Geiser D (1989) Psychosocial influences on human immu-
nity. Clin. Psychol. Rev. 9:689-715.

Glaser R, and Kiecolt-Glaser JK (eds.) (1994) Handbook
of Human Stress and Immunity. New York: Academic
Press.

Goldberg LR (1992) The development of markers for the
big-five factor structure. Psychol. Assess. 4:26-42.

Goldberg LR (1993) The structure of phenotypic person-
ality traits. Am. Psychol. 48:26-34.

Goodman AH, Thomas RB, Swedlund AC, and Armela-
gos GJ (1988) Biocultural perspectives on stress in
prehistoric, historical, and contemporary population
research. Yrbk. Phys. Anthropol. 31:169-202.

Gottman JM, and Katz LF (1989) Effects of marital
discord on young children’s peer interaction and health.
Dev. Psychol. 25:373-381.

Gray JA (1987) The psychology of fear and stress, 2nd
ed. Cambridge: Cambridge University Press.

Gunnar M, Porter FL, Wolf CM, Rigatuso J, and Larson
MC (1995) Neonatal stress reactivity: Predictions to
later emotional temperament. Child Dev. 66:1-13.

Haggerty RJ, Sherrod LR, Garmezy N, and Rutter M
(1994) (eds.) Stress, Risk, and Resilience in Children
and Adolescents. Cambridge: Cambridge University
Press.

Hanna JM, James GD, and Martz JM (1986) Hormonal
measures of stress. In PT Baker, JM Hanna, and TS
Baker (eds.): The Changing Samoans. New York:
Oxford University Press, pp. 203-221.

Herbert TB, and Cohen S (1993) Stress and immunity in
humans: A meta-analytic review. Psychosom. Med.
55:364-379.

Hertsgaard L, Gunnar M, Erickson MF, and Nachmias
M (1995) Adrenocortical responses to the strange
situation in infants with disorganized/disoriented at-
tachment relationships. Child Dev. 66:1100-1106.

Hinde RA, and Stevenson-Hinde J (1987) Interpersonal
relationships and child development. Dev. Rev. 7:
1-21.

Hiramatsu R (1981) Direct assay of cortisol in human
saliva by solid phase radioimmunoassay and its clini-
cal applications. Clin. Chim. Acta 117:239-249.

Holl R, Fehm H, Voigt K, and Teller W (1984) The
“mid-day surge” in plasma cortisol induced by mental
stress. Horm. Metab. Res. 16:158-159.

House JS, Landis KR, and Umberson D (1988) Social
relationships and health. Science 241:540-544.

House JS, Kessler R, Herzog AR, Mero R, Kinney A, and
Breslow M (1991) Social stratification, age, and health.
In KW Scheie, D Blazer, and JS House (eds): Aging,
Health Behaviors, and Health Outcomes. Hillsdale,
NJ: Erlbaum, pp. 1-32.

Hubert W, and de Jong-Meyer R (1989) Emotional stress
and saliva cortisol response. J. Clin. Chem. Clin.
Biochem. 27:235-237.

Hurtado AM, and Hill KR (1992) Paternal effect on
offspring survivorship among Ache and Hiwi hunter-
gatherers: Implications for modeling pair-bond stabil-
ity. In B Hewlett (ed.): Father-Child Relations: Cul-

tural and Biosocial Contexts. New York: Aldine De
Gruyter, pp. 31-55.

llisley R, and Baker D (1991) Contextual variations in
the meaning of health inequality. Soc. Sci. Med.
32:359-365.

Insel TR (1990) Long-term neural consequences of stress
during development: Is early experience a form of
chemical imprinting? In BJ Carroll (ed.): The Brain
and Psychopathology. New York: Raven Press.

Insel TR (1992) Oxytocin—a neuropeptide for affiliation:
evidence from behavioral, receptor autoradiographic,
and comparative studies. Psychoneuroendocrinology
17:3-35.

Irons W (1983) Human female reproductive strategies.
In S Wasser and M Waterhouse (eds.): Social Behavior
of Female Vertebrates. New York: Academic Press, pp.
169-213.

lvanovici AM, and Wiebe WJ (1981) Towards a working
“definition” of “stress”: A review and critique. In GW
Barrett and R Rosenberg (eds.): Stress Effects on
Natural Ecosystems. New York: Wiley, pp. 13-17.

James GD, Crews DE, and Pearson J (1989) Catechol-
amines and stress. In MA Little and JD Haas (eds.):
Human Population Biology: A Transdisciplinary Sci-
ence. Oxford: Oxford University Press, pp. 280-295.

Kagan J (1984) The Nature of the Child. New York:
Basic Books.

Kagan J (1992) Behavior, biology, and the meanings of
temperamental constructs. Pediatrics 90:510-513.

Kagan J, Resnick JS, and Snidman N (1988) The
biological basis of childhood shyness. Science 240:167—
171.

Kaplan HB (1991) Social psychology of the immune
system: A conceptual framework and review of the
literature. Soc. Sci. Med. 33:909-923.

Kiecolt-Glaser JK, Kennedy S, Malkoff S, Fisher L,
Speicher CE, and Glaser R (1988) Marital discord and
immunity in males. Psychosom. Med. 50:213-229.

Kiecolt-Glaser JK, Malarkey WB, Cacioppo JT, and
Glaser R (1994) Stressful personal relationships: Im-
mune and endocrine function. In R Glaser and JK
Kiecolt-Glaser (eds.): Handbook of Human Stress and
Immunity. New York: Academic Press, pp. 301-319.

Kirschbaum C, and Hellhammer DH (1989) Salivary
cortisol in psychobiological research: An overview.
Neuropsychobiology 22(3):150-169.

Kirschbaum C, and Hellhammer DH (1994) Salivary
cortisol in psychneuroendocrine research: Recent de-
velopments and applications. Psychoneuroendocrinol-
ogy 19:313-333.

Kirschbaum C, Read GF, and Hellhammer DH (eds.)
(1992) Assessment of Hormones and Drugs in Saliva
in Biobehavioral Research. Seattle: Hogrefe and
Huber.

Konner MJ (1981) Evolution and human behavior devel-
opment. In RH Munroe, RL Munroe, and BB Whiting
(eds.): Handbook of Cross-Cultural Human Develop-
ment. New York: Garland Press.

Lamb M, Pleck J, Charnov E, and Levine J (1987) A
biosocial perspective on paternal behavior and involve-
ment. In JB Lancaster, J Altmann, A Rossi, and L
Sherrod (eds.): Parenting Across the Lifespan: Bioso-
cial Dimensions. Hawthorne, NY: Aldine de Gruyter,
pp. 111-142.

Lancaster J (1989) Evolutionary and cross-cultural per-
spectives on single-parenthood. In RW Bell and NJ
Bell (eds.): Sociobiology and the Social Sciences. Lub-
bock, TX: Texas Tech University Press, pp. 63-71.

Lancaster J, and Lancaster CS (1987) The watershed:
Change in parental-investment and family-formation
strategies in the course of human evolution. In JB
Lancaster, J Altmann, AS Rossi, and LR Sherrod



52 M.V. FLINN AND B.G. ENGLAND

(eds.): Parenting Across the Lifespan: Biosocial Dimen-
sions. New York: Aldine de Gruyter, pp. 187-206.

Levine S (1985) A definition of stress? In G.P. Moberg
(ed.): Animal Stress. Bethesda, MD: American Physi-
ological Society.

Levine S (1993) The influence of social factors on the
response to stress. Psychother. Psychosom. 60:33-38.

Levine S, Coe C, and Wiener SG (1989) Psychoneuroen-
docrinology of stress: A psychobiological perspective.
In: Psychoendocrinology. New York: Academic Press,
pp. 341-377.

Long B, Ungpakorn G, and Harrison GA (1993) Home-
school differences in stress hormone levels in a group
of Oxford primary school children. J. Biosoc. Sci.
25:73-78.

Magnano CL, Gardner JM, and Karmel BZ (1992)
Differences in salivary cortisol levels in cocaine-
exposed and noncocaine-exposed NICU infants. Dev.
Psychobiol. 25:93-103.

Maier SF, Watkins LR, and Fleshner M (1994) Psycho-
neuroimmunology: The interface between behavior,
brain, and immunity. Am. Psychol. 49:1004-1017.

Margolis PA, Greenberg RA, Keyes LL, Lavange LM,
Chapman RS, Denny FW, Bauman KE, and Boat BW
(1992) Lower respiratory illness in infants and low
socioeconomic status. Amer. J. Public Health 82:1119—
1126.

Marmot MG, Kogenivas M, and Elston MA (1987)
Social/economic status and disease. Annu. Rev. Public
Health 8:111-135.

Marmot MG, Smith GD, Stansfield S, Patel C, North F,
Head J, White I, Brunner E, and Feeney A (1991)
Health inequalities among British civil servants: The
Whitehall 11 study. Lancet 337:1387-1393.

Martignoni E, Costa A, Sinforiani E, Luzzi A, Chiodini P,
Mauri M, Bono G, and Nappi G (1992) The brain as a
target for adrenocortical steroids: Cognitive implica-
tions. Psychoneuroendocrinology 17:343-354.

Martinez JL (1986) Memory: Drugs and hormones. In
JL Martinez and RP Kesner (eds.): Learning and
Memory: A Biological View. New York: Academic Press,
pp. 127-163.

Mason JW (1968) A review of psychoendocrine research
on the pituitary-adrenal cortical system. Psychosom.
Med. 30:576-607.

Mason JW (1971) A re-evaluation of the concept of
“non-specificity” in stress theory. J. Psychosom. Res.
8:323-334.

Mason JW, Buescher EL, Belfer ML, Artenstein MS, and
Mougey EH (1979) A prospective study of corticoste-
roids and catecholamine levels in relation to viral
respiratory illness. J. Hum. Stress (September):18-28.

McBurnett K, Lahey BB, Frick PJ, Risch C, Loeber R,
Hart EL, Christ MA, and Hanson KS (1991) Anxiety,
inhibition, and conduct disorder in children: Il. Rela-
tion to salivary cortisol. J. Am. Acad. Child Adolesc.
Psychiatry 30:192-196.

McEwen BS (1995) Stressful experience, brain, and
emotions: Developmental, genetic, and hormonal influ-
ences. In MS Gazzaniga (ed.): The Cognitive Neurosci-
ences. Cambridge: MIT Press, pp. 1117-1135.

McEwen BS, and Sapolsky RM (1995) Stress and cogni-
tive function. Curr. Opinion Neurobiol. 5:205-216.

McGaugh JL (1989) Involvement of hormonal and neuro-
modulatory systems in the regulation of memory
storage. Annu. Rev. Neurosci. 12:255-287.

Meaney M, Mitchell J, Aitken D, Bhat Agar S, Bodnoff S,
Ivy L, and Sarriev A (1991) The effects of neonatal
handling on the development of the adrenocortical
response to stress: implications for neuropathology
and cognitive deficits later in life. Psychoneoroendocri-
nology 16:85-103.

Munck A, and Guyre PM (1991) Glucocorticoids and
immune function. In R Ader, DL Felten, and N Cohen
(eds.): Psychoneuroimmunology. San Diego: Academic
Press.

Munck A, Guyre PM, and Holbrook NJ (1984) Physiologi-
cal functions of glucocorticoids in stress and their
relation to pharmacological actions. Endocr. Rev. 5:
25-44.

Mudock GP (1949) Social Structure. New York: Macmil-
lan.

Nachmias M, Gunnar M, Mangelsdorf S, Parritz RH,
and Buss K (1996) Behavioral inhibition and stress
reactivity: The moderating role of attachment secu-
rity. Child Dev. 67:508-522.

Newcomer JW, Craft S, Hershey T, Askins K, and
Bardgett ME (1994) Glucocorticoid-induced impair-
ment in declarative memory performance in adult
humans. J. Neurosci. 14:2047-2053.

Panter-Brick C, Todd A, Baker R, and Worthman C
(1996) Heart rate monitoring of physical activity
among village, school, and homeless Nepali boys.
Amer. J. Hum. Biol. 8:661-672.

Pearlin LI, and Turner HA (1987) The family as a
context of the stress process. In SV Kasl and CL
Cooper (eds.): Stress and Health: Issues in Research
Methodology. New York: John Wiley & Sons, Inc.

Pearson JD, James GD, and Brown DE (1993) Stress
and changing lifestyles in the Pacific: Physiological
stress responses of Samoans in rural and urban
settings. Am. J. Hum. Biol. 5:49-60.

Petrovich SB, and JL Gewirtz (1985) The attachment
learning process and its relation to cultural and
biological evolution: Proximate and ultimate consider-
ations. In M Reite and T Fields (eds.): The Psychobiol-
ogy of Attachment and Separation. New York: Aca-
demic Press, pp. 259-291.

Pollard TM (1995) Use of cortisol as a stress marker:
Practical and theoretical problems. Am. J. Hum. Biol.
7:265-274.

Quinlan R (1995) Father absence, maternal care, and
children’s behavior in a rural Caribbean village. MA
Thesis, University of Missouri, Columbia.

Rabkin JG, and Streuning EL (1976) Life events, stress,
and illness. Science 194:1013-1020.

Riad-Fahmy D, Read GF, and Hughes 1A (1983) Corticos-
teroids. In CH Gray and VHT James (eds.): Hormones
in the Blood. New York: Academic Press, pp. 285-315.

Robins LN (1983) Some methodological problems and
research directions in the study of the effects of stress
on children. In N Garmezy and M Rutter (eds.):
Stress, Coping, and Development in Children. New
York: McGraw-Hill, pp. 335-346.

Rodman H (1971) Lower Class Families. London: Oxford
University Press.

Rose RM (1980) Endocrine responses to stressful psycho-
logical events. Adv. Psychoneuroendocrinol.: Psychi-
atr. Clin. N. Amer. 3:251-276.

Rutter M (1983) Stress, coping, and development: Some
issues and some questions. In N Garmezy and M
Rutter (eds.): Stress, Coping, and Development in
Children. New York: McGraw-Hill, pp. 1-41.

Saphier D, Welch JE, Farrar GE, Ngunen NQ, Aguado F,
Thaller TR, and Knight DS (1994) Interactions be-
tween serotonin, thyrotropin-releasing hormone and
substance P in the CNS regulation of adrenocortical
secretion. Psychoneuroendocrinology 19:779-797.

Sapolsky RM (1986) Glucocorticoid toxicity in the hippo-
campus: Reversal by supplementation with brain
fuels. J. Neurosci. 6:2240-2245.

Sapolsky RM (1991) Effects of stress and glucocorticoids
on hippocampal neuronal survival. In: MR Brown, GF
Koob, and C Rivier (eds.): Stress—Neurobiology and
Neuroendocrinology. New York: Dekker, pp. 293-322.



CHILDHOOD STRESS AND HEALTH 53

Sapolsky RM (1992a) Neuroendocrinology of the stress-
response. In JB Becker, SM Breedlove, and D Crews
(eds.) Behavioral Endocrinology. Cambridge: MIT
Press, pp. 287-324.

Sapolsky RM (1992b) Stress, the Aging Brain, and the
Mechanisms of Neuron Death. Cambridge, MA: MIT
Press.

Sapolsky RM (1994) Why Zebras Don't Get Ulcers. New
York: W.H. Freeman and Co.

Scheper-Hughes N (ed.) (1988) Child Survival: Anthropo-
logical Perspectives on the Treatment and Maltreat-
ment of Children. Boston: Reidel.

Schneider ML, Coe CL, and Lubach GR (1992) Endo-
crine activation mimics the adverse effects of prenatal
stress on the neuromotor development of the infant
primate. Dev. Psychobiol. 25:427-439.

Servan-Schreiber D, Printz H, and Cohen SD (1990) A
network model of catecholamine effects: Gain, signal-
to-noise ratio, and behavior. Science 249:892—-895.

Seyle H (1976) The Stress of Life, revised ed. New York:
McGraw-Hill.

Shell-Duncan B (1993) Cell-mediated immunocompe-
tence among nomadic Turkana children. Am. J. Hum.
Biol. 5:225-235.

Shell-Duncan B (1995) Impact of seasonal variation in
food availability and disease stress on health status of
nomadic Turkana children: A longitudinal analysis of
morbidity, immunity, and nutritional status. Am. J.
Hum. Biol. 7:339-355.

Smith RT (1988) Kinship and Class in the West Indies.
Cambridge: Cambridge University Press.

Stone AAL, Bovbjerg DH, Neale JM, Napoli A, Valdi-
marsdottir H, Cox D, Hayden FG, and Gwaltney JM
Jr (1992) Development of the common cold symptoms
following experimental rhinovirus infection is related
to prior stressful life events. Behav. Med. 13:70-74.

Takahashi LK (1992) Prenatal stress and the expression
of stress-induced responses throughout the life span.
Clin. Neuropharmacol. 15:153-154.

Tennes K, and Mason J (1982) Developmental psychoen-
docrinology: An approach to the study of emotions. In
C. lzard (ed.): Measuring Emotions in Infants and
Children. London: Cambridge University Press, pp.
21-37.

Tinbergen N (1974) Ethology and stress diseases. Sci-
ence 185:20-27.

Turner MT (1995) Mother and infant cortisol response in
a Dominican village. MA Thesis, University of Mis-
souri, Columbia.

Turner MT, Flinn MV, and England BG (1995) Mother-
infant glucocorticoid stress response in a rural Carib-
bean village. Am. J. Phys. Anthropol. Suppl. 19:191.

Umeda T, Hiramatsu R, Iwaoka T, Shimada T, Miura F,
and Sato T (1981) Use of saliva for monitoring un-
bound free cortisol levels in serum. Clin. Chim. Acta
110:245-253.

Van Cauter E (1990) Diurnal and ultradian rhythms in
human endocrine function: A mini-review. Hormon.
Res. 34:45-53.

van Wimersma Greidanus TJB, and DeWied D (1977)
The physiology of the neurohypophyseal system and
its relation to memory processes. In AM Davison (ed.):
Biochemical Correlates of Brain Structure and Func-
tion. New York: Academic Press, pp. 215-248.

Vining RF, McGinley RA Maksvytis JJ, and Ho KY
(1983) Salivary cortisol: a better measure of adrenal
cortical function than serum cortisol. Annals Clin.
Biochem. 20:329-335.

Wallerstein JS (1983) Children of divorce: Stress and
developmental tasks. In N Garmezy and M Rutter
(eds.): Stress, Coping, and Development in Children.
New York: McGraw-Hill, pp. 265-302.

Werner EE (1985) Stress and protective factors in
children’s lives. In AR Nicol (ed.): Longitudinal Stud-
ies in Child Psychology and Psychiatry. New York:
John Wiley & Sons, Inc.

Whiting BB, and Edwards CP (1988) Children of Differ-
ent Worlds: The Formation of Social Behavior. Cam-
bridge: Harvard University Press.

Wilson MI, Daly M, and Weghorst SJ (1980) Household
composition and the risk of child abuse and neglect. J.
Biosoc. Sci. 12:333-340.

Winslow JT, Hastings N, Carter CS, Harbaugh CR, and
Insel TR (1993) A role for central vasopressin in pair
bonding in monogamous prarie voles. Nature 365:545—
548.

Wolkowitz OM, Reus VI, Weingartner H, Thompson K,
Breier A, Doran A, Rubinow D, and Pickar D (1990)
Cognitive effects of corticosteroids. Am. J. Psychiatry
147:1297-1303.

Yehuda R, Giller EL, Southwick SM, Lowy MT, and
Mason JW (1991) Hypothalamic-pituitary-adrenal dys-
function in posttraumatic stress disorder. Biol. Psy-
chiatry 30:1031-1048.

Young EA, Haskett RF, Murphy-Weinberg V, Watson SJ,
and Akil H (1991) Loss of glucocorticoid fast feedback
in depression. Arch. Gen. Psychiatry 48:693-699.



