
Early deprivation and home basal cortisol levels: A study of 
internationally adopted children

DARLENE A. KERTES, MEGAN R. GUNNAR, NICOLE J. MADSEN, and JEFFREY D. LONG
University of Minnesota

Abstract

Animal studies reveal that early deprivation impairs regulation of the hypothalamic–pituitary–

adrenocortical (HPA) axis, potentially increasing vulnerability to stressors throughout life. To 

examine early deprivation effects on basal HPA axis activity in humans, basal cortisol levels were 

examined in 164 internationally adopted children who had experienced varying degrees of 

preadoption deprivation. Duration of institutional care, age at adoption, and parent ratings of 

preadoption neglect indexed a latent factor of Deprived Care. Adoption measures of height and 

weight standardized to World Health Organisation norms indexed a latent factor of Growth Delay 
that was viewed as another reflection of deprivation. Cortisol samples were collected 3.3–11.6 

years postadoption (Md = 7.3 years) at home on 3 days approximately 30 min after wakeup and 

before bedtime. Both early a.m. levels and the decrease in cortisol across the day were examined. 

A structural equation model revealed that preadoption Deprived Care predicted Growth Delay at 

adoption and Growth Delay predicted higher morning cortisol levels and a larger diurnal cortisol 

decrease.

Children who are neglected and abused early in life are at heightened risk for physical and 

mental disorders (Cicchetti & Toth, 1995). There is currently considerable interest in 

understanding how adverse early care influences brain development and contributes to 

individual differences in vulnerability (e.g., Cicchetti & Tucker, 1994). Animal studies of the 

impact of early adverse experiences on the hypothalamic–pituitary–adrenocortical (HPA) 

system provide a compelling explanatory model (e.g., see Graham, Heim, Goodman, Miller, 

& Nemeroff, 1999; Heim, Owen, Plotsky, & Nemeroff, 1997). However, their applicability 

to human development remains uncertain. Glucocorticoids (cortisol in primates, 

corticosterone in rodents) are hormones produced by the HPA axis that are essential both for 

maintaining homeostasis and adapting to physical and psychological stressors (de Kloet, 

Rots, & Cools, 1996; Sapolsky, Romero, & Munck, 2000). Although increases in 

glucocorticoids above basal levels are typically examined in research on stress, basal levels 

also contribute importantly to stress vulnerability and resilience (Sapolsky et al., 2000). 

According to the allostatic load model (McEwen, 1998), the HPA system supports 

adaptation to stress through increasing or decreasing its basal set points and responsiveness. 

These changes, although permitting individuals to continue to function, carry a risk or 

allostatic load that increases vulnerability to physical and mental disorders. Indeed, both 
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chronically elevated and chronically suppressed basal glucocorticoid levels have been 

associated with physical and psychological disorders (de Kloet, Vreugdenhil, Oitzl, & Joels, 

1998; Heim, Ehlert, & Hellhammer, 2000; Rosen & Schulkin, 1998; Yehuda, 2000).

Animal studies suggest that during early development allostatic processes that permit 

immature organisms to adapt to adverse care may have especially prolonged effects because 

these adjustments are produced by and imposed on organisms undergoing rapid maturation 

(de Kloet, Rosenfeld, Van EeKelen, Sutanto, & Levine, 1988). Much of this early experience 

work has been conducted using rat models (Levine, 2005). Low levels of maternal care 

produces a permanent silencing of a gene that regulates the HPA response to stressors 

(Weaver et al., 2001). As a result, HPA responses to stressors in adulthood are larger and 

more prolonged. Deprivation, in the form of repeated, daily removal of the dam from her 

pups for several hours produces similar effects on offspring (Meaney & Szyf, 2005; Plotsky 

& Meaney, 1993). Typically, the degree of deprivation imposed in rat studies does not reduce 

or stunt physical growth, nor does it alter basal levels of HPA axis activity. Nonetheless, 

when conditions of deprivation are made severe enough, stunting of physical growth and 

elevated basal HPA activity have been observed (Avishai-Eliner, Gilles, Eghbal-Ahmadi, & 

Baram, 2001; Gilles, Schultz, & Baram, 1996).

Although it has been suggested that rodent models may explain the impact of early adversity 

in humans (De Bellis, 2005; Graham et al., 1999; Heim et al., 1997; Kaufman & Charney, 

1999; Teicher, Andersen, Polcarri, Anderson, & Navalta, 2002), the translation to human 

development is uncertain on several counts. The first challenge is that it is not clear how well 

the rat model translates even to nonhuman primate development. There is little evidence that 

completely depriving infant monkeys of parental care through isolation rearing has long-

term effects on the HPA axis (Levine, 2005; Sanchez, Ladd, & Plotsky, 2001). Less severe 

disturbances in early life parental care (e.g., repeated separations, peer-only rearing, and 

variable foraging paradigms), however, have been associated with disturbances in the diurnal 

rhythm of the HPA axis among juvenile monkeys and in elevated production of 

corticotropin-releasing hormone among mature monkeys (Coplan et al., 1996; Suomi, 1997). 

Thus, rather than a lack or low amount of parental stimulation observed to affect rat 

offspring, the monkey data implicates unpredictable or uncontrollable (e.g., unresponsive) 

parental care in altering activity of this stress-sensitive neuroendocrine system. In addition, 

translation of the rodent findings to primates is challenged by evidence that early disruptions 

in parental care in primates may produce lower than expected HPA activity, rather than the 

elevated activity typical observed in rodent paradigms (Boyce, Champoux, Suomi, & 

Gunnar, 1995; Dettling, Feldon, & Pryce, 2002; Sanchez et al., 2005).

The second challenge to translation is that, whereas animal studies have focused on neglect 

or deprivation, most attempts to address issues of translation in research on children have 

focused on abuse (for discussion, see De Bellis, 2005). Studies of severely physically and 

sexually maltreated children with posttraumatic stress disorder (PTSD) have revealed 

elevated basal cortisol levels several years postrescue (Carrion et al., 2002; De Bellis et al., 

1999). Several researchers have suggested that, with time, hyperactivity of the HPA axis will 

produce a downregulation of the HPA system, resulting in a suppressed pattern of cortisol 

production typically noted in adults with PTSD (De Bellis, 2001; Yehuda, Halligan, & 
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Grossman, 2001). However, adult studies of women sexually abused as children (before 

puberty) indicate normal basal cortisol activity but elevated HPA axis reactivity to 

psychosocial challenge (Heim, Newport et al., 2000). Cicchetti and Rogosch (2001a, 2001b) 

observed elevated basal levels only among children who had experienced severe, multiple, 

and prolonged forms of abuse or those who had significant internalizing problems. In their 

work, children who were neglected but not otherwise maltreated did not show altered basal 

cortisol activity. One major difficulty in interpreting this literature is that it is not clear 

whether altered cortisol levels in these studies were due to early maltreatment, to ongoing 

adversity in the children’s lives, and/or to the children’s concurrent emotional and 

behavioral problems. Indeed, in one study it was noted that only the maltreated children 

whose families continued to experience major life stressors exhibited disturbances in HPA 

axis activity (Kaufman et al., 1997).

In summary, rodent models of early deprivation or reduced species-typical parental 

stimulation clearly demonstrate impacts on the developing HPA system. Low levels of 

maternal stimulation result in hyperresponsiveness of the axis that persists into adulthood. In 

rat studies, when deprivation is severe enough to stunt physical growth, elevated basal 

cortisol levels also have been observed. In nonhuman primates, radically depriving the 

animal of normal maternal care does not have any clear effect on the developing HPA 

system. In contrast, paradigms that do not involve such radical deprivation, but instead 

involve unpredictable or uncontrollable disruptions in care, do seem to heighten reactivity of 

the HPA system, although perhaps in combination with abnormally low basal cortisol levels. 

Finally, the studies in humans are difficult to summarize. Although some long-term impacts 

on basal cortisol levels and HPA axis reactivity have been noted, the patterns observed may 

depend on the individual’s psychiatric diagnosis and/or on whether there is ongoing 

adversity in the individual’s life. There is very little evidence that early deprivation or 

neglect, per se, has any long-term impacts on activity of this stress-sensitive neuroendocrine 

system in humans.

The one exception to this latter conclusion comes from a small study of children adopted in 

the early 1990s from Romanian orphanages (Gunnar, Morison, Chisholm, & Schuder, 2001). 

As noted by Rutter (1972), children adopted from orphanages or other institutional settings 

provide valuable information about the long-term impact of early neglect or deprivation, 

because the period of deprivation can be delimited. Infants and young children living in 

institutions experience chronic neglect in multiple forms, including little human contact and 

sensory deprivation (Frank, Klass, Earls, & Eisenberg, 1996; Rutter, 1998). Nonetheless, the 

degree of deprivation is not uniform across all institutional settings, varying in severity 

among institutions and even from one room to the next in the same institution (Johnson, 

2001). Although some children in institutions likely experience physical and sexual 

maltreatment, most experts who have observed the care environment in these institutions 

describe conditions of benign neglect (Ames, 1990; Smyke, Dumitrescu, & Zeanah, 2002). 

That is, the neglect these children experience appears to be because of too many children 

combined with too few social and physical resources for their care.

Families in the United States and other Western nations are adopting increasing numbers of 

children from orphanages around the world. In 2005, according to the US Department of 
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State, over 22,700 children were adopted internationally by families in the United States 

alone (US Department of State, 2006), with over 85% adopted from countries that 

predominantly use institutions, as opposed to foster care, to provide for abandoned or 

orphaned children (see also Johnson, 2001). Children adopted internationally range widely 

in age at adoption. Although some are adopted within a few months of birth, others do not 

reach their adoptive families until they are 2 or more years old. Age at adoption is a 

significant factor in predicting child outcomes (Gunnar & van Dulmen, 2008). However, this 

is likely because adoption age is a proxy for multiple forms of neglect and maltreatment. In 

an epidemiological study of children adopted internationally into The Netherlands, Verhulst 

Althaus and Versluisden Bieman (1992) noted that they were unable to disentangle effects of 

age at adoption from preadoption experiences of neglect and abuse. Regardless of whether 

children were in institutions or not, the longer they lived without a permanent family, the 

more adverse experiences they reportedly suffered prior to adoption.

One reason to focus on internationally adopted children to address questions about early 

deprivation is that adoption typically marks a dramatic improvement in children’s care. 

Nearly all of these children are adopted into families with adequate monetary and 

educational resources. In a recent survey of over 2,000 internationally adopted children 

(Gunnar & van Dulmen, 2008), adoptive family incomes were high (Md income > $75,000), 

parents were well educated (≥70% college educated), and most families (>95%) included 

two adults in the home. Fewer than 2% of these families described major life stressors 

(separation, divorce, death of a family member) in the years since the child joined the family. 

Observational studies of parent–child interaction tend to reveal generally positive patterns of 

parenting (Croft, O’Connor, Keavene, Groothues, & Rutter, 2001).

As noted, there has been one study of cortisol levels in children adopted from institutional 

care settings (Gunnar et al., 2001). This study was conducted on a small sample of children 

adopted in 1990–1991 by families in British Columbia, Canada, after living for 8 months or 

more in Romanian institutions. Although children still living in Romanian orphanages have 

been shown to lack a diurnal rhythm in cortisol production over the daytime hours (Carlson 

& Earls, 1997), an average of 6.5 years after adoption all of the Romanian 

postinstitutionalized children in the study by Gunnar et al. (2001) exhibited the expected 

decrease in cortisol from wakeup to bedtime. However, cortisol levels averaged across the 

day were elevated when compared to Romanian children adopted early (up to 4 months of 

age) and children reared in their families of origin in Canada. Although suggestive of long-

term elevations in basal cortisol, this study was far from conclusive because of several 

substantial limitations that are addressed by the present study.

The first limitation was that the sample was quite small, and included children adopted from 

some of the most globally depriving conditions imaginable (e.g., Ames, 1990; Frank et al., 

1996). Studies of Romanian orphanage children adopted into British Columbia (Ames & 

Burnaby, 1997) and the United Kingdom (Rutter, 1998) in the early 1990s revealed patterns 

of severe physical, social, and cognitive delays at adoption. Although effects of the most 

severe kind of deprivation still would be noteworthy, it is important to know whether impacts 

on the HPA axis vary with the degree and duration of deprivation among a large, 

representative sample of children exposed to a wide range of preadoption conditions.
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A second limitation that is addressed in the present study involves the impact of severe 

deprivation on physical growth and the possibility that growth delay rather than institutional 

care, per se, might predict altered HPA axis activity. Rutter (1998) reported that the average 

growth percentile for Romanian children adopted into the United Kingdom in the early 

1990s was more than 2.0 SD below normal. This is consistent with evidence that children in 

orphanages lose approximately 1 month of linear growth for every 2–3 months in the 

institution (Miller & Hendrie, 2000). Following adoption, children grow 1.5–2 times their 

expected rate (Johnson, 2001). This pattern of growth delay mirrors what has been termed 

psychosocial short stature (Mason & Narad, 2005). Psychosocial short stature (Types I and 

II) is characterized by weight remaining proportional to height and reversible growth 

hormone abnormalities (Gohlke, Frazer, & Stanhope, 2004). That is, without a change in 

nutrition, improving the child’s psychosocial environment increases growth hormone 

production and tissue sensitive to growth factors. Hyperactivity of the HPA axis, particularly 

elevated levels of corticotropin-releasing hormone and cortisol, are believed to mediate 

inhibition of growth hormone and growth factors under conditions of psychosocial 

deprivation (Cianfarani, Geremia, Scott, & Germani, 2002; Cianfarani et al., 1998). Linear 

growth delay, especially if accompanied by weight that is proportional to height, may reflect 

chronic HPA drive on the growth hormone system. Children with growth delay associated 

with prolonged or intense deprivation may be particularly likely to have experienced chronic 

stress effects on the HPA axis. Of course, growth delays documented at adoption may to 

some extent also reflect malnutrition induced by intestinal parasites, poor nutrition, illness 

endemic to many orphanages and prenatal growth restriction (Johnson, 2001).

A third limitation of the Gunnar et al. (2001) findings that is addressed by the present study 

is that they were based only on children from Eastern Europe. In Romania, Russia, and other 

Eastern European countries prenatal alcohol exposure is common among children residing in 

institutions (Johnson, 2001). Prenatal alcohol exposure can alter postnatal activity of the 

HPA axis (Ogilvie & Rivier, 1997; Schneider, Moore, Kraemer, Roberts, & DeJesus, 2002). 

Thus, extending examination of cortisol levels in postinstitutionalized children beyond the 

study of Russian/Eastern European children will help reduce the possibility that results will 

be because of prenatal alcohol exposure rather than postnatal care.

The present study was designed to examine the long-term impact of varying amounts of 

early deprived care on basal cortisol levels among children adopted internationally from 

many different countries and preadoption conditions. All of the children had lived with their 

adoptive families for at least 3 years prior to sampling, were between 7 and 11 years of age 

at testing and were not on any forms of steroidal or psychotropic medications. Basal cortisol 

levels were examined at two times of day, approximately 30 min after wakeup in the 

morning and 30 min before bedtime. Multiple measures of deprivation were examined, 

including duration of institutional care, age at adoption, and parent-reported preadoption 

neglect and abuse. Growth delay at adoption included measures of linear growth (i.e., 

height) and weight for height at adoption. We hypothesized that preadoption deprivation 

would be positively associated with basal cortisol concentrations, that greater preadoption 

deprivation would be associated with greater growth delays at adoption, and that growth 

delay might mediate the effects of deprivation on basal cortisol levels.
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Methods and Materials

Participants

The participants were 164 children (45% boys) recruited from a registry of over 3,000 

internationally adopted children in the northern Midwest whose parents indicated interest in 

research participation. The children were selected to be 7–11 years of age at the time of 

testing and to have been with their adoptive families for at least three years. Approximately 

29% of the participant registry met these selection criteria. To provide a broad range of 

preadoption experiences and broad representation of birth regions, children on the registry 

who met the criteria for age and time in the family were stratified according to birth region 

(Russia/Eastern Europe, Asia, Latin America/Caribbean), gender (male/female), age at 

adoption (pre/post 24 months), and whether the child was adopted from an institution. Two 

hundred forty children were randomly selected (i.e., 20 within each strata) to create a diverse 

sample.

Parents of children who were randomly selected were contacted by phone. After describing 

the study, a brief screen for medications was performed. Children who were on steroidal or 

psychotropic medications were excluded; 12% of those screened were eliminated based on 

psychotropic medications. Of those passing the medication screen, 93% agreed to take part 

in the study and completed the protocol. Thirty-five families had more than one biological 

sibling in the age range for testing. When more than one biological sibling was available, 

one was randomly selected for inclusion in the analysis. The sample described here (N = 

164) was the sample after the medication screen, random selection of one biological sibling, 

and parent agreement to participate.

Preadoption living arrangements and countries of origin

The children had been adopted from 27 different countries (32.9% from Russia/Eastern 

Europe, 37.8% Asia, and 29.3% from Latin America/Caribbean). Most (66%) of the children 

had experienced two or more preadoption care arrangements, including some time with birth 

parents or relatives (35%), in foster care (46%), and in institutions (hospitals, baby homes, 

or orphanages; 70%). There were a few children who were described as only experiencing 

foster care (16%) or institutional care (19%), but very few described as only experiencing 

birth family care (2%) or adoption at birth (2%). Age at adoption varied from birth to 98 

months (M = 13 months; see also Table 1). Information was lacking for 15% of the children 

for at least some periods of their preadoption lives (M = 4 months), although duration of 

institutional care was always available.

Instruments and measures

Preadoption care—Parents were asked to describe whether the child experienced any of 

the following types of care prior to adoption: birth family, relatives, hospital, baby home or 

orphanage, or foster care. They were asked to indicate the number of months in each type of 

care if known. They noted if any time in the child’s preadoption life was unaccounted for 

and if so, how many months. They reported on the child’s age when the child came into their 

full-time care. In addition, they also rated the quality of preadoption care. These ratings, of 

course, reflect unmeasured biases either on the part of the parents or on the part of those 
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describing the child’s preadoption care to the families. Ratings of physical neglect (e.g., 

deficits in food, clothing, medical care), social neglect (lack of meeting the child’s needs for 

affection and interaction with adults) and physical abuse were made on 4-point scales from 1 

(none) to 4 (severe). Sexual abuse was reported as yes, no, or suspected. For purposes of this 

analysis, known and suspected abuse were both assigned the value of 4, whereas no 
responses were assigned the value of 1 to place this measure on the same scale as the other 

preadoption neglect and abuse items. Nearly 31% of the families reported no neglect or 

abuse prior to adoption. Those who believed their children had suffered no neglect or abuse 

had adopted their children quite young (M = 6 months, including the three families adopting 

at birth) following no or only brief periods of institutional care. Very few parents reported 

moderate or severe physical abuse prior to adoption (n = 8) or any known or suspected 

sexual abuse (n = 9), with a total of 14 children or 9% of the sample receiving these scores. 

Thus, for the majority of children, parents described varying degrees of social and physical 

neglect. Three measures derived from this questionnaire were used to collectively index the 

latent construct deprived care prior to adoption. Age at adoption was the age when the child 

came into the family’s full-time care. Duration of institutional care was the sum of months 

spent in hospitals, baby homes, or orphanages. Parent-rated neglect and abuse was the 

average of physical neglect, social neglect, physical abuse, and sexual abuse (scale reliability 

was Cronbach α = .76).

To rule out effects because of major current child–family stressors the Child Life Events 

Scale (Boyce, Chesney, et al., 1995) was administered. The scale obtains occurrence of 37 

life events that might impact children, ranging from items like changing to a new school, 

parent’s job change, or addition of a sibling to parental separation/divorce or death of a 

family member. The inventory has good test–retest reliability. Parents completed the 

inventory for the 6-month period prior to cortisol sampling. Life events during this time 

frame were exceptionally low averaging one out of 37 with 79% of the sample scoring two 

events or fewer. Examination of the events endorsed indicated that the most common one 

was birth or adoption of a sibling or move to a new home. Because of the low number and 

range of life events, this variable was not examined further.

Behavior problems—Because we screened children for use of psychotropic medications, 

we did not anticipate that many of the children in the sample would have significant 

behavior problems. However, to describe behavior problems parents completed the version 

of the Child Behavior Checklist/6–18 (CBCL) published in 2004 (Achenbach, 2006). The t 
scores were calculated and a cutoff of 65 was used to identify children with clinical levels of 

internalizing and externalizing problems. Internalizing problems (6.7%; 11/164) were more 

common than externalizing problems (3.7%; 6/164). There was a suggestion of an 

interaction between internalizing problems and trials (a.m./p.m.), F (1, 159) = 6.42, p <.05, 

with internalizing children having higher a.m. cortisol levels than noninternalizing children 

(M = 0.79 mg/dl, SD = 0.40 versus 0.60 mg/dl, SD = 0.22. However, given the small number 

of children with significant internalizing problems and the absence of a significant 

correlation between internalizing scores (raw) and cortisol levels (a.m., r = .13, N = 164, ns; 

p.m., r = .02, N = 164, ns) we did not include internalizing problems in the statistical model 

described below.
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Anthropometric data—Parents reported their child’s weight and height data provided at 

their first physician’s check up in the United States, along with the child’s age in months at 

that physician’s visit. Data provided in inches/pounds, metric units, or percentiles were 

converted to Z scores using World Health Organisation (WHO) norms. Nearly all (88%) 

parents provided these measures. We, of course, have no reliability information on these data 

and must assume some error in measurement and/or recording. Parents also measured the 

height and weight of their child at the time of assessment, again with unknown reliability, 

and these values were also converted to WHO standard scores. Two indices were used to 

describe Growth Delay at the time of adoption: WHO standardized height (length) for age at 

adoption and WHO standardized weight for height at adoption (hereafter referred to as 

height for age at adoption and weight for height at adoption). Based on research on growth 

retardation because of neglect, shorter stature and greater (not lesser) weight for height were 

anticipated. Indeed, children who were shorter for age at adoption (more linear growth 

delay) were heavier for their height, r (142) = −.60, p < .01. Thus height for age at adoption 

was reverse scored such that higher scores on both measures would be consistent with 

psychosocial growth delay.

A demographic questionnaire requested child’s current age, family income in the last year 

before taxes (in $25,000 increments), parent education (less than high school, high school 

diploma, some college, associate’s degree, bachelor’s degree, postbaccalaureate degree), and 

family composition. Time in the family was computed by subtracting current age from age at 

adoption. Because age at adoption and years since adoption were highly correlated, r (162) = 

−.78, p < .001, to provide an estimate of time since adoption uninfluenced by adoption age, 

years since adoption was regressed on age at adoption and the residuals were retained 

denoted as residualized time since adoption. Preliminary analyses indicated that this 

residualized variable was not correlated with any of the latent indicators or with the cortisol 

data and all the correlation coefficients were very small (rs < .09). Therefore, this variable 

was not considered further. However, child gender, parent education (averaged), and family 

income were used as covariates as they exhibited correlations with indicators of the latent 

constructs.

Procedures for salivary cortisol collection

Once parental consent was obtained, saliva collection kits and parent questionnaires were 

mailed along with parent consent and child assent forms. Saliva was sampled on three school 

days (to assure stable day to day wake/sleep schedules). We requested that samples be taken 

30 min after wakeup and 30 min before bedtime or between 8 and 9 p.m. if bedtime was 

after 9:30 p.m. Sampling was avoided, whenever possible, on days when children had 

scheduled evening activities, especially sport activities as these activities may elevate 

bedtime cortisol levels in children (Kertes & Gunnar, 2004). Caffeine consumption was 

precluded 2 hr prior to sampling and days representing a significant departure from the 

typical routine were avoided. Parents maintained a diary for each sampling day supplying 

requested information on the child’s schedule (wakeup, meals, bedtime), activities, and 

health (medications taken, health ratings). Regular contact with families was maintained to 

guide sampling day selection and to answer questions. Daily diaries were examined for 

procedural compliance. Mean sampling times were within the requested ranges. For the 3 

KERTES et al. Page 8

Dev Psychopathol. Author manuscript; available in PMC 2018 March 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



days of sampling, a.m. sampling time means ranged from 7:20 to 7:25, SDs from 34 to 37 

min, rs (162) > .80, ps < .001; whereas p.m. sampling time means ranged from 8:20 to 8:25, 

SDs from 39 to 43 min, rs (162) > .70, ps < .001.

Saliva was collected by having the children chew a piece of original flavor Trident gum for 1 

min and then spit through a 3-in. straw into a vial (Eppendorf, Westbury, NY) based on 

procedures tested by Schwartz, Granger, Susman, Gunnar, and Laird (1998). The sealed 

vials were time/date labeled and stored in a ziplocked bag in the family’s refrigerator until 

collection was completed. They were then mailed to the laboratory and stored at −20°C until 

assayed. These storing and mailing procedures do not affect cortisol levels (Clements & 

Parker, 1998). Samples were assayed in duplicate using a time-resolved fluorescence 

immunoassay with acceptable intraassay (5.4%) and interassay (8.1%) coefficients of 

variance based on control samples inserted into the assay batches.

Missing and out of range values—Nearly 98% of the requested saliva samples were 

provided. Two children refused the sampling procedure (both adopted under 6 months; one 

postinstitutionalized, one not). Cortisol values were examined for biologically implausible 

values defined as >4.0 μg/dl. Three such values were noted, each from different subjects, and 

were deleted.

Analysis plan

Analyses were conducted in three stages. First, descriptive statistics were examined, 

including measures of children’s current height and weight to determine whether growth 

parameters had normalized. Second, the correlations among the indicators were examined 

for consistency with the measurement models for the main analysis. Third, structural 

equation modeling was used to test models of a.m. cortisol level and diurnal change as 

predicted by deprivation and growth delay at adoption and to determine whether growth 

delay at adoption mediated the impact of deprivation. To accomplish these goals, two 

structural models were fit: a full model specifying deprived care and growth delay as 

predictors of initial a.m. cortisol status and cortisol change (a.m. to p.m.), and a reduced 

model omitting the growth delay paths with all other variables.

The full model can be seen in the results Figure 1. We have not included the control 

variables to simplify the drawing. The a.m. cortisol and p.m. cortisol were defined as latent 

variables with corresponding indicators measured over 3 days. Residuals of cortisol 

indicators measured on the same day were allowed to correlate. The right-hand side of the 

figure shows an embedded latent difference score model of the type discussed by McArdle 

and Hamagami (2001). The constant is the initial status of a.m. cortisol, and delta is the 

latent change score. The definition of delta can be seen from the regression equations 

implied by the path model. Ignoring residual terms, the path model indicates a.m. cortisol = 

(1) constant, and p.m. cortisol =(1) constant + (1) delta. By substitution, delta = p.m. cortisol 

– a.m. cortisol, which is the latent change score. The mean variable (enclosed in a triangle) 

indicates the mean of the latent difference score was estimated (averaged over participants) 

and its path coefficient reflects the unstandardized change in daily cortisol. Interpretation of 

the latent difference scores required an unstandardized solution. To yield more interpretable 
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comparisons of predictors of change, all variables except for cortisol and gender were 

standardized in the analysis. In the full model, paths for the control variables gender, parent 

education, and family income predicting initial status, delta, and the deprived care and 

growth delay variables were estimated. In the reduced model, all paths were retained from 

the full model except for the paths between growth delay and all other variables (control 

variables predicting growth delay, deprived care predicting growth delay, and growth delay 

predicting initial status and delta).

All models were estimated using Mplus 3.13 (Muthén & Muthén, 2001). Maximum 

likelihood estimation was used and absolute model fit was assessed with the chi-squared 

statistic, the comparative fit index (CFI), the Tucker–Lewis index (TLI), and the root mean 

square error of approximation (RMSEA). Based on results of simulation studies (e.g., Hu & 

Bentler, 1999) the criterion of acceptable fit was ≥.95 for the CFI and TLI and ≤.06 for 

RMSEA. Relative fit of the full and reduced models was assessed by the difference in chi-

squared values evaluated against the referent distribution with df equal to the difference in 

free parameters between the models.

Results

Descriptive statistics

Descriptive statistics (means and standard deviations) are presented in Table 1. As expected, 

early a.m. cortisol levels were higher than p.m. cortisol levels on each day of testing. On 

closer inspection of the data, only 10 children exhibited an increase in cortisol from a.m. to 

p.m. on any of the sampling days. For all but one of these children this atypical diurnal 

pattern was noted on only one of the days. Age at adoption and duration of institutional care 

exhibited large standard deviations, indicating that we had obtained a diverse sample with 

regard to these indices of deprivation. Parent-rated neglect and abuse, however, had a 

relatively small standard deviation and a low mean of slightly over 1 on a 4-point scale, 

suggesting that most parents believed that their children had been subjected to little or no 

neglect. As noted earlier, very few of these parents (14 of 164) reported any preadoption 

abuse. As expected, growth parameters at adoption indicated linear growth delay was 

common. Children’s linear growth (height for age) at adoption averaged over 1.5 SD below 
the mean, but their weight for height at adoption averaged a bit over 0.05 SD above the 

mean. Reduced height coupled with weight that is normal or above normal for height is 

consistent with patterns of growth associated with psychosocial neglect. The standard 

deviation for height at adoption was large, indicating that, like the other measures of 

deprivation, we had obtained a diverse sample. Consistent with this, closer inspection of the 

height data revealed that although 26% of the sample was more than 2.5 SD below the mean 

indicating extreme growth delay, 26% were at or above the WHO mean, indicating adequate 

linear growth. Notably, approximately 80% of the extremely growth delayed children had 

lived in an institution prior to adoption, and the average duration of institutional care for 

these children was 21 months (range = 1–68 months).

By the time the cortisol measures were obtained several years after adoption, the children 

had largely caught up in growth averaging within 0.5 SD of the WHO mean on height and 

averaging close to the mean (i.e., zero) on weight for height. To determine whether current 
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anthropometric variables needed to be included as control variables, we correlated the 

standardized height for age at testing and weight for height at testing with the six cortisol 

indicators. Of the 12 correlations, only one was significant, with the rest ranging from r =−.

15 to r =+ .11. The one significant correlation occurred between weight for height at testing 

and p.m. cortisol on the first day of testing, r (162) = .28, p < .01. Inspection of a scatterplot 

of these data suggested that the significant correlation was because of one outlying case. 

Removing that case reduced the correlation to r (161) =−.02, ns. Therefore, growth measures 

at the time of testing were not considered further in the analyses.

Intercorrelations among indicators

The intercorrelations among the indicators of the key latent constructs (i.e., not the 

covariates) are shown in Table 2. Of note, in this table it is apparent that a.m. and p.m. 

cortisol levels were positively correlated. In addition, the within-cluster correlations were 

higher than the between-cluster correlations.

Structural equation models

Full model—The first row of Table 3 shows the absolute fit of the full model. The values 

indicated a good fit of the model to the data. Figure 1 shows the path model with 

unstandardized path coefficients and corresponding p values (recall all variables were 

standardized before the analysis except for the cortisol variables). Regarding the 

measurement models, the figure shows all indicators with estimated loadings were 

significant. The estimated latent difference score mean was significant and indicated a 

decline of approximately 0.50 μg/dl over the day. Growth delay was a significant predictor 

of both the initial status and the difference score. The positive relationship with the initial 

status indicates those children with higher latent growth delay scores tended to have higher 

levels of a.m. cortisol and those with lower latent growth delay scores tended to have lower 

levels of a.m. cortisol. Regarding the difference score prediction, the negative coefficient 

indicated that higher latent growth delay scores were associated with a greater decline in 

cortisol over the day, whereas lower latent growth delay scores were associated with lesser 

decline. Growth delay was also significantly predicted by deprived care with higher 

deprivation being associated with greater growth delay at adoption.

For clarity of presentation, Figure 1 does not depict the control variable effects. The initial 

status (reflecting a.m. cortisol) was significantly related to gender (b = .092, p < .05) and 

parent education (b = .041, p < .05). Delta (latent difference score) was also significantly 

related to gender (b = −.081, p < .05) and parent’s education (b = −.042, p < .05). The 

estimated coefficients indicated that females and adopted children of parents with higher 

education had higher a.m. cortisol and a greater drop in a.m. to p.m. cortisol. Finally, growth 

delay was significantly predicted by family income (b = −.181, p < .05), such that families 

with lower income on average adopted children with greater growth delay. The effect of 

growth delay at adoption has been displayed visually in Figure 2, which depicts the a.m. and 

p.m. values for the top 25% of most growth delayed children at adoption (smallest) and the 

bottom 25% or least growth delayed at adoption (biggest). The group labeled biggest was at 

the mean (zero) or larger in height for age at adoption than other children of their age by 

WHO norms. The top 25% of growth delayed children at adoption were 2.5 SD or more 
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below normal linear growth parameters for their age. As shown in the figure, the most 

growth delayed children had higher a.m. levels and a steeper decline from a.m. to p.m., but 

this was because of higher a.m. values and not lower p.m. values.

Reduced model—To test the extent to which growth delay at adoption mediated deprived 

care effects, a reduced model was also fit. The reduced model omitted all paths emanating 

from and leading to growth delay (six paths total). The full model results showed that growth 

delay significantly predicted cortisol initial status and change (difference score) but deprived 

care did not. As discussed above, it was hypothesized that growth delay may mediate the 

effects of deprived care. Thus, omitting the growth delay paths in the model might yield 

significant path coefficients for deprived care. The second row of Table 3 shows the absolute 

fit indices for the reduced model and the relative fit test. As the table indicates, absolute fit 

was lower than for the full model and the relative fit test was significant, suggesting the 

growth delay paths were justified in the full model. The results for the measurement models, 

cortisol change, and the control variables (not presented) were very similar to the full model. 

The coefficient of deprived care predicting initial status (b = .019, p = .488) and the 

coefficient of deprived care predicting delta (b = −.041, p = .122) were both stronger in 

absolute value in the reduced than in the full model, although still not statistically 

significant. Thus, there was no evidence in the absence of growth delay that deprived care 

predicted basal cortisol levels.

Discussion

The purpose of this study was to assess the long-term effects of early deprivation on basal 

activity of the HPA axis by sampling internationally adopted children who varied in their 

experiences of preadoption deprivation. Preadoption deprived care was examined as a latent 

construct that included children’s age at adoption, how long the children had been in 

institutional care, and parental reports of the extent to which they believed the children had 

experienced neglect (physical and social) and abuse (physical and sexual) prior to adoption. 

Because few parents reported abuse, this variable primarily described variations in parent-

reported preadoption neglect. Growth delay was also examined as a latent construct that 

included height for age at adoption, reverse scored to reflect delayed linear growth, and 

weight for height at adoption. Growth delay at adoption was viewed as indexing 

predominantly psychosocial short stature, although we cannot rule out contributions of 

prenatal growth or postnatal poor nutrition and illness. Controlling for adoptive parent 

education and income and child gender, significant associations were obtained between 

these latent constructs of preadoption adversity and basal cortisol levels several years 

postadoption; but the effects were subtle. Deprived care was not directly associated with 

basal cortisol levels. However, deprived care predicted growth delay, which in turn, 

predicted higher early morning cortisol levels and a steeper a.m. to p.m. diurnal decrease 

several years after adoption.

Before discussing these results, it is important to address one of the major limitations of the 

present study. Specifically, we did not include a comparison group of nondeprived children 

who had been reared with their parents from birth. Previous reports, however, have described 

a.m. and p.m. levels for such children, including at least two studies using the same 
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sampling and assay procedures used in the present investigation. In a study of p.m. cortisol 

levels in a low-risk sample of children ages 7–11 years, the mean p.m. cortisol levels 

reported were within the standard error of the mean of those found in the present study 

(Kertes & Gunnar, 2004). Likewise, when a.m. and p.m. cortisol levels were obtained from 

slightly older children (10–12 years) in a large study (N = 1,768; Rosmalen et al., 2005), 

again means were within the standard error of the mean reported in the present study. Thus, 

overall, the present results are comparable to previous reports on typically developing, 

family-reared children. This comparability suggests that being internationally adopted, in 

and of itself, does not mean that children’s basal cortisol levels will be substantially different 

than children reared in their families since birth. This also suggests that effects of 

preadoption deprivation on basal cortisol levels will not be large; indeed, the statistically 

significant effects we obtained were small in magnitude.

A second limitation is that we did not examine children on psychotropic medications. We 

chose to examine medication-free children to avoid needing to request a drug washout 

period. However, by eliminating those children with psychological problems requiring 

medication, we also likely eliminated some children who had been among the most 

adversely affected by their preadoption experiences. Indeed, in a previous survey of 

internationally adopted children, those who had received mental health treatment had 

experienced more preadoption deprivation than children not needing mental health services 

(Gunnar & van Dulmen, 2008). Very few children in the present study exhibited substantial 

behavioral and emotional problems as indicated by CBCL scores falling in the clinical 

range. It is certainly possible that we underestimated the impact of preadoption adversity by 

eliminating children on psychotropic medications, therefore eliminating most of the children 

with behavioral and emotional problems. There was some evidence that the few (6%) of 

children who exhibited significant internalizing problems may have had higher early 

morning cortisol levels. Given that the number of affected children was small and identified 

only with the CBCL, we need to be cautious in drawing any conclusions about internalizing 

problems and basal cortisol levels among children adopted internationally. Future studies 

will need to include children who have been prescribed psychotropic medications, but will 

need to address possible confounding effects of drugs or assess such children following a 

period of drug washout.

With these limitations in mind, we turn now to the results for deprived care. Participants in 

this study varied extensively in how likely it was that they experienced substantial 

deprivation prior to adoption. Some (7%) were adopted within 2 months of birth without any 

institutional care experience, whereas some (26%) were adopted after having lived for 2 or 

more years in institutional care. Although very few adoptive parents reported preadoption 

physical or sexual abuse, over 30% reported moderate to severe preadoption physical or 

social neglect. Duration of institutional care, parent-rated neglect prior to adoption, and age 

at adoption all contributed significantly to the latent construct, deprived care. As expected, 

this construct predicted the latent construct of growth delay. Indeed, nearly 80% of the 

children who were considered extremely growth delayed at adoption (>2.5 SD below the 

WHO mean in height for age) were adopted after an average of 21 months of institutional 

care. These findings were consistent with prior evidence that children lose approximately 1 

month of linear growth for every 2 to 3 months in institutional care (Johnson, 2001; Miller & 
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Hendrie, 2000). Nonetheless, not all of the severely growth delayed children had been in 

institutional care and some of the children who were growing adequately had been in 

institutions for many months prior to adoption. The variation in adoption growth parameters 

for these children likely reflects variations in the quality of care provided by different 

institutions as well as differences in children’s susceptibility to delayed growth under 

conditions of neglect.

Notably, the latent variable deprived care had no direct effects on basal cortisol values. This 

was true whether or not we included growth delay in the model. Based on these data, there is 

no reason to conclude that prolonged periods of early neglect or deprivation will directly 

affect children’s basal cortisol levels several years after being removed from deprived living 

conditions. This stands in contrast to evidence indicating that although young children are 

living in institutions they clearly show suppressed a.m. levels (Carlson & Earls, 1997; 

Kroupina, Gunnar & Johnson, 1997, also described in Gunnar & Vazquez, 2001). Combined 

with the present data, these findings suggest that the institutional suppression of the diurnal 

cortisol rhythm is transitory. After adoption the diurnal cortisol rhythm is again observed.

The lack of an effect of early deprived care on basal cortisol levels several years after 

adoption is consistent with most of the early experience animal models (e.g., Sanchez et al., 

2001). Although low levels of maternal care and/or deprivation of maternal care in animal 

studies affects the HPA stress response, in nearly all studies basal cortisol levels have been 

unaffected. The typical early deprivation animal paradigm also does not produce animals 

that are physically smaller than nondeprived controls. As noted, this is only observed with 

extreme deprivation models that also produce elevated basal cortisol levels (Avishai-Eliner et 

al., 2001; Gilles et al., 1996). Thus, it may take deprivation that is severe enough to 

significantly disturb the growth system before one observes long-term impacts on basal 

activity of the HPA axis.

The present study appears to provide some support for this hypothesis. Children who were 

shorter for age but normal in weight for height at adoption (the pattern associated with 

psychosocial short stature) had higher a.m. cortisol levels and a more marked diurnal a.m. to 

p.m. decrease several years after adoption. These results were comparable in some respects 

to those obtained for the Romanian children adopted in 1990 (Gunnar et al., 2001). 

Specifically, the Romanian-adopted children also exhibited higher a.m. cortisol levels. 

However, unlike in the present study, their p.m. values were also higher than those of birth 

children and Romanian children adopted within a few months of birth. The Gunnar et al. 

(2001) study, however, involved a much smaller sample of children than the present study, 

and thus the results were less reliable. In addition, children in that study, unlike those in the 

present study, were not restricted from engaging in evening group activities (i.e., sports) on 

sampling days. Evening activities have been found to produce small increases in bedtime 

cortisol levels (Kertes & Gunnar, 2004). Given these differences, it seems likely that the 

present results provide a more accurate picture of the long-term impact of deprivation-

induced growth delay.

Certainly, other factors associated with growth delay prior to adoption might have 

contributed to the present findings. Of particular concern would be the possibility that 
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prenatal alcohol exposure influenced both growth delay and activity of the HPA axis. 

Prenatal alcohol exposure is believed to be common among children adopted from Russia/

Eastern Europe (Johnson, 2001) and is associated both with linear growth retardation and 

altered HPA axis development (Ogilvie & Rivier, 1997; Schneider et al., 2002). Although we 

cannot rule out prenatal alcohol exposure as a common factor linking growth delays to 

elevated cortisol, one critical aspect of the present data argues against this explanation. 

Specifically, children who are growth delayed because of fetal alcohol syndrome do not 

typically exhibit rapid catchup growth (Hannigan & Armant, 2000). Nonetheless, although 

children in the present study were well below average in stature at the time of adoption, they 

were near the 50th percentile for height and weight in middle childhood.

From the present data, we cannot determine the physiological changes in the HPA system 

that may account for the observed effects. Early experience effects in rodents have been 

ascribed, in part, to glucocorticoid receptor changes (for a review see Sanchez et al., 2001). 

Basal cortisol activity is influenced by both mineralocorticoid (MR) and glucocorticoid 

(GR) receptors. At the peak of the diurnal cycle, GR as well as MR are occupied, whereas 

MR but not GR are occupied as basal cortisol levels decline across the day (de Kloet et al., 

1998). MR blockade results in elevated bedtime cortisol levels, but has little effect on 

cortisol levels around wakeup (Young, Lopez, Murphy-Weinberg, Watson, & Akil, 1998). In 

contrast, the use of mifepristone, a GR antagonist, increases cortisol levels around wakeup, 

but does not affect bedtime cortisol levels (Wiedemann, Lauer, Hirschmann, Knaudt, & 

Holsboer, 1998). The present results, thus, would be consistent with a reduction in GR more 

so than effects on MR. Notably, this is the pattern typically reported in rodent studies of 

early deprivation (e.g., Sanchez et al., 2001). Alternatively, the present results could reflect 

differences in the magnitude of the cortisol awakening response (CAR) as a function of 

postnatal growth delay. We asked families to sample cortisol approximately 30 min after 

wakeup. This was done to capture the peak daily basal cortisol level, as cortisol rises about 

40–60% in the first 30 min after awakening (Schmidt-Reinwald et al., 1999). The magnitude 

of the CAR is positively correlated with the adrenal response to adrenocorticotropin 

hormone (ACTH; Schmidt-Reinwald et al., 1999). Thus, an alternative mechanism might be 

alterations in the sensitivity of the adrenal cortex to increases in ACTH in response to 

morning awakening. Pharmacological challenge tests and examinations of the magnitude 

and time course of cortisol responses to stressor tasks will be needed to differentiate among 

these alternative mechanisms.

Several additional aspects of the present findings are noteworthy. First, as reported in 

previous samples (e.g., Essex, Klein, Cho, & Kalin, 2002; Halligan, Herbert, Goodyer, & 

Murray, 2004; Netherton, Goodyer, Tamplin, & Herbert, 2004), a small gender effect was 

observed, with girls showing slightly higher basal a.m. cortisol levels and thus more of a 

diurnal decrease than boys. Second, children adopted by parents with higher levels of 

education, but not income, also exhibited higher a.m. cortisol and steeper cortisol decreases. 

To our knowledge, an association of parent education but not income with children’s basal 

cortisol activity has not been previously reported. In fact, negative associations between 

socioeconomic status (SES) and children’s cortisol levels have been reported (Lupien, King, 

Meaney, & McEwen, 2000), even when SES has been defined as the average of parent 

education and income (Essex et al., 2002). Inconsistency with previous results suggests that 
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the positive association with parent education may be a chance finding. Third, parents 

reported very few family and child stressors in the 6 months prior to cortisol sampling. This 

was relevant because current life stress may either amplify (Essex et al., 2002) or confound 

(Kaufman et al., 1997) the effects of early deprivation or maltreatment on the HPA axis. 

Thus, it was important to verify that the children were not currently living in stressful family 

circumstances. The median current life event score in the present study was 1 out of 37 

possible events. This level of life stress was actually somewhat lower than that noted in other 

samples of low-risk children reared in their families of origin (e.g., Kertes & Gunnar, 2004). 

Of course, it is certainly possible that the lives of some of the children may have been 

fraught with unmeasured emotional stressors that were not included in the 37 events 

sampled in the life event questionnaire.

In summary, children who experienced more deprived care (duration and degree) prior to 

adoption exhibited greater physical growth delays at adoption. The pattern of growth delay 

was consistent with psychosocial short stature or a delay in linear growth because of chronic 

psychosocial stress. By the time we assessed children’s salivary cortisol levels in middle 

childhood, the children had largely caught up in physical growth, with both height and 

weight distributions being close to WHO norms. Concurrent growth parameters were not 

associated with basal cortisol levels. Deprived care prior to adoption (reflecting age at 

adoption, duration of institutional care, and parental reports of preadoption neglect) was not 

significantly associated with children’s basal cortisol levels. Thus, the present study 

provided no evidence that early neglect has long-term, direct impact on basal cortisol levels. 

Deprived care, however, significantly predicted growth delay assessed at the time of 

adoption, while greater growth delay at adoption predicted higher early a.m. cortisol levels 

and, consequently, a larger diurnal decrease in cortisol levels over the day. These results are 

consistent with the majority of the animal studies of early deprivation that yield no evidence 

of long-term effects on cortisol basal set points except among extreme deprivation models 

that also produce stunted growth. Animal studies do yield evidence of effects on the 

magnitude and duration of the HPA response to stressors. What is not known at this point is 

whether experiences prior to adoption have any significant impact on HPA stress reactivity 

either as a function of deprived care or for those children who suffer severe physical growth 

retardation as a result of preadoption experiences.
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Figure 1. 
The full structural equation model with unstandardized path coefficients. The control 

variables gender, parent education, and family income are not depicted for clarity of 

presentation. The control variables have paths pointing to all of the latent variables in the 

figure except a.m. cortisol and p.m. cortisol. Deprived Care, deprived care with indicators; 

Inst Duration, duration of institutional care; Age Adoption, age (months) child came into 

adoptive parents’ care; Neglect/Abuse, parent-rated neglect and abuse; Growth Delay, 

growth delay at adoption with indicators: Z Height, standardized height for age at adoption 

(reverse scored), Z Weight, standardized weight for height at adoption. Initial Status, 

predicted a.m. cortisol; Delta, latent difference score (p.m. cortisol – a.m. cortisol). *p < .05, 

**p < .01, ***p < .001.
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Figure 2. 
The a.m. and p.m. cortisol levels in micrograms per deciliter (μg/dl) for children in the 

lowest (smallest) and highest (biggest) quartiles of standardized height for age at adoption. 

Error bars reflect the standard error of the mean.
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Table 1

Descriptive statistics

Variable Mean SD

a.m. cortisol (μg/dl)

 Day 1 0.68 0.34

 Day 2 0.62 0.28

 Day 3 0.54 0.25

p.m. cortisol (μg/dl)

 Day 1 0.15 0.28

 Day 2 0.11 0.11

 Day 3 0.12 0.25

Age at adoption (months) 22.04 20.37

Institutional duration (months) 11.27 15.37

Preadoption neglect/abuse 1.3 0.58

Adoption Z

 Height for age −1.63 2.26

 Weight for height 0.81 1.3

Testing Z

 Height for age −0.34 1.4

 Weight for height 0.35 1.4

Age at testing (years) 9.27a 1.34

Family income 4.27b 2

Parent education (averaged) 4.92c 1.13

a
Not included in the structural equation.

b
In units of $25,000; median between 3 and 4 or $75,000–$100,000 and $100,000–$125,000.

c
4 = Associate’s degree, 5 = Bachelor’s degree.
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