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Abstract

Objective: Adopted children tend to show an increased risk for a variety of psychopathological 

outcomes, even when adoption occurs at birth, which some suggest is a result of non-random 

assignment of adoptees and parents. This study utilizes a nonhuman primate model, in which 

adoptions were randomly assigned, to investigate the behavioral and physiological outcomes 

associated with at-birth adoption.

Method: Immediately following birth, rhesus monkey infants were randomly assigned to be 

reared by either their biological mother (n=113) or by an unrelated, lactating, adoptive mother 

(n=34). At six months of age, infant behavior and physiology were assessed during a stressful 

series of mother-infant separations. Four years later, stress-related behaviors were measured 

following confrontation by an unfamiliar intruder, an ecologically meaningful stressor.

Results: When compared to infants reared by their biological mothers, adopted infants 

exhibited more behavioral withdrawal and higher plasma adrenocorticotropic hormone (ACTH) 

concentrations in response to separation. These behavioral differences persisted four years later 

during a stressful intruder challenge, with adoptees exhibiting more behavioral withdrawal, 

stereotypies, and impulsive approaches of the potentially aggressive intruder.

Conclusion: Compared to infants reared by their biological mothers, adopted infants exhibited 

more behavioral inhibition, impulsivity, and higher ACTH concentrations, even when subjects 

were randomly assigned to be adopted or to remain with their biological mother. To the extent 

that these findings generalize to humans, they suggest that the overall risk for psychopathology in 

adopted individuals persists even after random assignment to adoption conditions.

Keywords

adoption; adrenocorticotrophic hormone; early experience; mother-infant; rhesus monkey

Introduction

Although there are wide individual differences, in general, when compared to children 

raised by their biological parents, a disproportionate number of adopted children exhibit 

poorer long-term developmental outcomes and meet criteria for clinical diagnoses1–4. Some 

have suggested that these outcome differences may be, in part, due to genetic factors, 
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with adopted infants at greater risk for inheriting psychopathology from their biological 

parents5–6. Others suggest that temperament differences between adoptive parents and 

adopted offspring may lead to increased parent-child conflict7. While both may play a 

role in adoptee outcomes, certain differences between biological and adoptive parents 

make assessing outcome disparities between adopted and non-adopted individuals difficult. 

For example, parents who adopt tend to be older, have high SES, high educational 

attainment, and strongly desire children, which may impact their parenting practices and 

involvement8–10. Adopted children tend to be born into in low SES environments to 

biological parents who are more likely to have underlying mental health diagnoses and 

are less likely to seek prenatal care11–12. In such uncontrolled situations, it is difficult 

to disentangle the etiological mechanisms that contribute to outcome differences among 

adopted individuals. Furthermore, the age at which an infant is adopted, as well as 

preadoption history, are important variables to consider when assessing the effects of 

adoption. For example, those that are adopted later may have experienced adverse conditions 

leading to the adoption and such experiences are known to contribute to developmental 

outcomes (for example, see 13). While the impact of adverse conditions on adoption and 

development is an important line of research, this study will focus on the relationship 

between at-birth adoptions and developmental variation.

A first step in understanding the etiology of psychopathology in adopted individuals is to 

establish whether differences in adoption outcomes persist when adopted individuals are 

randomly assigned to adoptive parents. Although it is unethical to conduct a study with this 

design in a human sample, animal models are commonly utilized to investigate questions 

related to adoption (also termed “cross-fostering”). For example, seminal studies in rodents 

indicate profound differences in pups that are randomly fostered to high- or low-quality 

mothers (as measured by rates of maternal licking)14. Others show the effects of at-birth 

adoption on other outcomes, for example, rodents adopted at birth tend to show differences 

in sleep architecture15. While valuable, rodent studies may fail to capture the complexities 

of human development that are better modeled in a more-closely related species. While 

they have not been widely utilized as a model of adoption, rhesus monkeys (Macaca 
mulatta) have a long history of being utilized for modeling human development, including 

behavior16. While difficult to perform in primates because they only give birth once a 

year and, consequently, sample sizes tend to be small, rhesus monkeys have been used 

in adoption studies to disentangle the effects of maternal treatment (for example, see 17. 

Rhesus monkeys have been instrumental in establishing maternal influences on outcomes 

such as alcohol intake18, neurotransmitter functioning19, and infant abuse20. Given the rich 

history of using nonhuman primates to study developmental outcomes on other variables, we 

propose to utilize a translational rhesus monkey model to investigate the impact of at-birth 

adoption on developmental outcomes.

The nonhuman primate model allows for increased control over variables (such as 

random assignment) that make adoption difficult to study in humans. Furthermore, as 

rhesus monkeys develop 3–4 times more quickly than humans21, longitudinal assessments 

of developmental outcomes can be performed in a relatively rapid fashion. Rhesus 

monkeys possess marked similarities to humans, including genetic similarities22, as well 

as similarities in the HPA axis23, and, like humans, they live in complex social groups, 
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requiring extended time in to acquire the skills necessary to achieve social competence24. 

While others have assessed the specific effects of at-birth adoption in rhesus monkeys25–27, 

the sample sizes were small (n<10 subjects) and the study designs lacked random 

assignment. What follows is a nonhuman primate model assessing the effects of adoption on 

infant outcomes. It is, to the authors’ knowledge, the first large-scale comparison of adopted 

infants and those reared by their biological mothers and utilizes randomized adoption 

assignments. As such, it is an important step in establishing a nonhuman primate model 

of human adoption that could be utilized to identify the underlying etiology of aberrant 

developmental outcomes in adoptees.

This longitudinal study seeks to establish a useful nonhuman primate model of adoption 

by comparing the developmental outcomes among adopted individuals and those reared 

by their biological mothers during infancy and again as young adults. The study first 

examines stress-induced behaviors and the neuroendocrine response to a social separation 

stressor in infancy and then evaluates differences in the behavioral response to the stress 

of an unfamiliar intruder later in life. Specifically, as infants, subjects underwent a series 

of mother-infant social separation stressors and the time spent in behavioral withdrawal 

(sometimes termed freezing), a widely accepted measure of anxiety-like behaviors in rhesus 

monkeys28–30 was recorded. To identify differences in behavioral withdrawal during short- 

and long-term periods of stress, behavioral withdrawal was assessed during both acute 

and chronic maternal separation. Approximately four years later, as young adults, subjects 

were exposed to the stressor of the Intruder Challenge test31 a standardized, ecologically-

meaningful method of inducing stress in nonhuman primates via the introduction of an 

unfamiliar age- and sex-matched intruder to the homecage.

Given the evidence of deleterious outcomes for human adoptees, it was hypothesized that, 

under conditions of stress, adopted infants would, on average, exhibit heighted anxiety-like 

behaviors and an increased neuroendocrine response to a repeated social separation stressor, 

when compared to infants reared by their biological mothers. It was further hypothesized 

that these differences would persist into young adulthood, with the adoptees exhibiting 

more aberrant responses to an intruder, when compared to infants that were reared by their 

biological mothers.

Method

Subjects

Subjects were N=147 socially-housed rhesus macaque (Macaca mulatta) infants (74 female 

monkeys, 73 male monkeys) living with their biological or adoptive mothers and housed 

in mixed-sex social groups containing 2 adult male monkeys and 8–10 unrelated adult 

female monkeys, and approximately 2–5 same-age infant monkeys, allowing for species-

typical socialization and peer-socialization in a setting that approximates the natural social 

composition of rhesus macaques32. Subjects were housed in indoor-outdoor enclosures 

(indoor: 2.44 X 3.05 X 2.21 m; outdoor: 2.44 X 3.0 X 2.44 m), with a 12-hour (0700–1900) 

light-dark cycle for the indoor enclosure and natural seasonal light cycles for the outdoor 

enclosure. The overall genetic diversity of the colony was maintained by selective out-

breeding, and other studies from our laboratory have shown the overall degree of relatedness 

Wood et al. Page 4

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(identity-by-descent) is 1.68%, which is about the level of third-degree cousins, which is 

considered sufficiently unrelated in human33 nonhuman primate34 studies. The sample used 

in this study included monkeys from ten birth-year cohorts (born between 1996–2005), with 

procedures remaining consistent over the years. For each year of the study, about 20% of 

the subjects were randomly assigned to be adopted. Adoptees (n=34; 17 female infants and 

17 male infants) were fostered to an unrelated, lactating female monkey within 48 hours of 

birth. Other than the adoption procedures, adoptees and infants reared by their biological 

mothers (n=113; 57 female infants, 56 male infants) received identical treatment, including 

a newborn examination by a veterinarian and a check of the mothers to assure lactation. A 

power analysis was performed to estimate necessary sample size using the main variables 

hypothesized to differ between the two groups. With an alpha set at .05 and power set at 

.90, the sample size needed for between-group comparisons is approximately n=29 for each 

group. Thus, the sample size of this study is more than adequate for the study objectives. 

All animals were fed Purina® high-protein monkey chow (#5043), and had access to water 

ad libitum. Supplementary fruit and other food-based enrichment were provided daily. All 

protocols for the use of experimental animals were approved by the Institutional Animal 

Care and Use Committee of the National Institute of Alcohol Abuse and Alcoholism.

Adoption Procedures

Given the length of time it took to obtain a sufficient sample of adopted infants, it is 

important to note that, as much as possible, between-year variability was minimized by 

utilizing same personnel and procedures, with the same two technicians planning and 

performing all of the adoption procedures and the same laboratory coordinator training 

all of the technicians on the behavior coding system. Furthermore, the animal care staff 

maintained the same personnel and the same attending veterinarian provided care during 

the study period. Adopted infants were randomly assigned to adoptive mothers that met the 

following criteria:

1. must have given birth within a week of the adoption (the mother’s biological 

infant was separated the mother and raised in the neonatal nursery)

2. must be unrelated to their adopted infant

3. must be living in a separate social group to avoid interactions with the biological 

mother

4. must be multiparous

5. lactation must be assured via medical evaluation

The adoptions were conducted utilizing common procedures from many nonhuman primate 

laboratories and piloted in this laboratory before beginning the study. Using an established 

protocol over all the years of the study, the following procedure was utilized for each 

adoption: at 0700, the adoptive mother was separated from her social group into a temporary 

holding cage. She was restrained and lactation was assessed to ensure that the infant 

would not suffer from dehydration. Following that assessment, infants to be adopted were 

removed from their sedated biological mother and placed into a transport cage. The transport 

cage was then fastened to an opening on the adoptive mother’s holding cage and the 
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transport cage door was opened, allowing the lactating female monkey to retrieve the 

infant, which most did immediately. The dyad’s behavior was observed hourly over the 

first day and checked again the following morning. If the adoptive mother retrieved the 

infant, successfully nursed it, and showed no signs of rejection, the adoption was considered 

successful. If the lactating female monkey failed to nurse the infant or showed signs 

of rejecting the infant, the infant was retrieved and returned to its biological mother or 

placed in a neonatal nursery for rearing (fewer than 10% of total attempts). None of the 

adoptive mothers showed evidence of recognizing the adoptive infant as different from 

their biological infant, exhibiting the typical maternal care for the newborn, including 

restrictiveness, retrievals, cleaning and grooming, and if there was a recognition by the other 

group members that infant was different, they showed no evidence of such awareness as 

far as could be observed. Mothers social dominance rank was obtained using established 

procedures35. To assure that mothers’ rank was unrelated to whether they reared an 

adopted or biological infant for this study, preliminary analyses assessed for distributions 

of dominance rank (high, medium, or low) and rearing status (adoptive mother or biological 

mother). Results showed no significant relationship between dominance and rearing status 

(x2= 0.08, p=.96). Mothers rearing an adopted or a biological infant showed no significant 

differences in average parity (adoptive mothers: M=4.45 offspring, biological mothers: 

M=4.34 offspring; t(174)=1.97, p=.13). Furthermore, 40% of the adoptive mothers were 

peer- or surrogate-reared, compared to 30% of the infants reared by their biological mothers, 

a difference that is unlikely to be meaningful, and if it was, it would likely lead to more 

problems in mother for the biological mother group. As the infants were randomly assigned 

to mothers, in some cases, the sex of the infant that she adopted was different than the sex of 

her biological infant. We used a chi-square to assess whether there was a significant number 

of infants being raised by mothers that had a biological infant of the opposite sex and found 

no effect (x2=2.31, p=.13). As noted earlier, like the adopted infants, the infants reared by 

their biological mothers were also removed from their mothers for a veterinary examination 

and the biological mothers were also assessed to assure that the they were lactating.

Separation Paradigm

The procedure for the separations is well established and was used in our laboratory for 

at a number of years before the onset of this study36.To assure continuity between years, 

the senior researcher and laboratory coordinator oversaw all of the social separations. When 

the infants reached six months of age, mothers and infants were captured and separated for 

four sequential, 4-day-long social separations, each followed by three days of mother-infant 

reunion. The social separation procedure began on Monday afternoon at 1300, with the 

mothers’ removal from the social group. She was isolated from her social group so neither 

she nor her infant could see or hear one another. The infant remained in the homecage with 

the rest of the social group. On day-5 (Friday), the mother was reunited with her infant in the 

homecage and a three-day mother-infant reunion ensued. This procedure was repeated for a 

period of four weeks. As weaning occurs around six months of age in the natural setting37, 

following the separation paradigm, all infants were removed from their mothers and placed 

into a large pen with 25–40 other same-aged infants. They remained in this larger peer group 

until they were young adults, with all subjects receiving identical treatment until the Intruder 

Challenge test was conducted.
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Infant Behavior

During each of the four, 4-day separations, trained observers blind to the rearing conditions 

of the subjects collected behavioral observations of the infants interacting in their homecage. 

For day-1 (D1), three 5-minute behavior coding sessions were conducted during the first 

two hours of the separation. For days 2–4 (D2-D4), two 5-minute behavior coding sessions 

were conducted each day. Consistent with previous work38, the data were aggregated into an 

Acute and Chronic phase, with D1 of each separation period recorded as the Acute phase 

and the D2-D4 recorded as the Chronic phase. Thus, for each of the separations, infant 

behavioral scores for each week were averaged across D1 to produce the Acute phase and 

across D2-D4 for the Chronic phase. Behavioral withdrawal, defined as the amount of time 

the infant remained inactive and not engaging their environment or interacting with other 

individuals, during the separations was measured. The time spent withdrawn was recorded in 

seconds over a 5-minute observation period. Behavior was recorded using handheld by the 

senior researcher rater reliability of r≥0.85 and were reassessed twice a year to assure that 

there was no inter-rater drift.

Physiology

To investigate rearing differences in HPA axis activity, two 2mL blood samples were 

obtained from the femoral vein of the infants 1 and 2 hours after each social separation 

on D1, between 1300–1500. Samples were obtained while the infants were awake and 

restrained, immediately following hand capture, as in39. Blood samples were obtained while 

the infants were awake to allow for behavior coding following the sampling. After the blood 

samples were obtained, they were immediately placed on wet ice and centrifuged at 4°C 

for 20 minutes. The plasma was aliquoted and frozen in liquid nitrogen, after which the 

samples were stored in an ultracold freezer at −70° C until they were assayed. Samples 

were assayed for plasma cortisol and adrenocorticotropic hormone (ACTH) using standard 

radioimmunoassay described elsewhere38, with an intra- and inter-assay reliability greater 

than .90 for cortisol and .85 for ACTH.

Intruder Challenge Test

All subjects were maintained in mixed-sex group housing until approximately three years 

of age, when the male and female monkeys were separated to avoid unplanned pregnancies. 

When subjects were approximately four years old (M=4.14±0.25 years), a subset (n=74; 

47 female monkeys, 27 male monkeys) was tested in the stress-eliciting Intruder Challenge 

test32, a paradigm designed to assess the behavioral responses to an ecologically meaningful 

challenge (an unfamiliar intruder). Of this subset, n=58 were reared by their biological 

mothers and n=16 were adoptees. The Intruder Challenge test has been previously utilized to 

answer questions related to biological and environmental factors40–41.

For this test, subjects are exposed to an unfamiliar age- sex- and size-matched conspecific 

(the intruder) in a controlled manner. First, the intruder was removed from its homecage and 

placed into a holding cage (.76X.63X.91 m) for a 30-min acclimation period. The holding 

cage had a mesh front and top so that the intruder was visible from all directions. Three 

randomly-selected same-sex test subjects from the same social group were segregated from 

the larger social group and placed into the outdoor portion of their home enclosure for a 
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10-minute acclimation period. After the acclimation period, the intruder’s holding cage was 

moved to the front of the outdoor portion of the test subjects’ home enclosure so that the test 

subjects could approach the intruder and interact through the mesh of the cage. Full body 

contact was prevented to avoid injury to any of the animals and none of the animals were 

injured during testing

The test subjects’ behavior was recorded for 30 minutes by observers that were blind to 

subjects’ rearing conditions. Separate observers were assigned to each of the three subjects. 

Behavior was recorded using handheld computers equipped with Observer™ software 

(Noldus, Leesburg, Virginia). The software allows each observer to record the frequency and 

duration of various behaviors performed by the test subject. Behavioral withdrawal, latency 

to approach the intruder, locomotion, environmental exploration, social contact, stereotypy, 

and threat vocalizations were recorded based on a standard behavioral ethogram (See Table 

1), which has been used in previous studies41. When meeting an unfamiliar conspecific, 

behavioral withdrawal is indicative of increased anxiety, rapid approach is considered a 

measure of impulsivity, with aggression relatively frequent. All three behaviors could be 

considered disadvantageous to survival in the presence of an intruder threat. All behavior 

coders were trained by the laboratory coordinator to an interobserver reliability r≥0.85 and 

were reassessed twice a year to assure that there was no inter-rater drift.

Data Analysis

All analyses were conducted in SPSS, version 26 (IBM, 2019), with alpha set to p<.05 

and all tests were two-tailed. Results are reported as mean (M) ± the standard error of the 

mean. When significant interactions were found, post-hoc tests were conducted. Preliminary 

independent t-tests showed no significant sex differences in variables of interest (p<.05; see 

Tables S1–S2, available online). As is the case with many stress-inducing paradigms, the 

behavioral and physiological data were not normally distributed. While numerous studies 

indicate that ANOVA is robust to violations of normality (for example see 42). Nevertheless, 

to address this, the data were log-transformed and identical analyses were performed, 

producing results that were similarly significant and in the same direction as the results 

using the raw data. To increase the interpretability of this work, we report the results of 

analyses using the raw data below.

Infant Behavior.

A mixed design, repeated measures ANOVA was utilized to statistically compare the 

relationships between rearing condition, week of separation, and behavioral withdrawal, 

with rearing condition (adopted or reared by biological mother) as the independent variable 

and behavioral withdrawal (seconds) as the dependent variable and week of separation (1–4) 

as the repeated measure.

Infant Physiology.

Two mixed design, repeated measures ANOVAs were utilized to statistically compare the 

relationship between rearing condition, week of separation (1–4), and hour the sample was 

taken (hour 1 or hour 2) as the two repeated measures and ACTH or cortisol concentrations 

as the dependent variables.
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Young Adult Behavior.

A MANCOVA was used to assess the relationship between rearing condition and the 

behaviors exhibited by the now-adult subjects during the Intruder Challenge test, with 

rearing condition (adopted or reared by biological mother) as the independent variable 

and total behavioral withdrawal (seconds), stereotypies (seconds), locomotion (seconds), 

socializing with familiar conspecifics (seconds), aggression (frequency), aggressive 

vocalizations (frequency), and latency to approach the intruder (seconds) as the dependent 

variables. As preliminary analyses indicated that age of subject during testing was 

significantly related to the duration of certain behaviors (p<.05), age of subject was included 

as a covariate in the model.

Results

Infants’ Separation Behavior

Results showed a significant main effect of rearing on the duration of behavioral withdrawal 

(F(1,134)=6.00, p= .02), with adopted infants spending more time in behavioral withdrawal 

(M=86.49±5.24 seconds), when compared to infants reared by their biological mothers 

(M=71.88±2.85 seconds).

There was a significant main effect of week on the time in behavioral withdrawal 

(F(1,134)=7.20, p=.008), with infants spending significantly more time in behavioral 

withdrawal during week 1, when compared to the other weeks (week 1: M=86.85±3.80, 

week 2: M=76.85±3.64, week 3: M=75.36±3.30, week 4: M=77.69±3.43).

There was also a significant main effect of separation phase (F(1,134)=7.20, p<.0001), with 

subjects showing more time in behavioral withdrawal in the Acute phase (M=86.53±4.02 

seconds), when compared to the Chronic phase (M=71.84±2.54 seconds).

There was a significant two-way week-by-rearing-condition interaction (F(1,134)=5.16, 

p=.03), with adopted infants exhibiting more time in behavioral withdrawal during 

separations, when compared to the infants reared by their biological mothers (see Figure 

1A). A posteriori testing indicated that adopted infants exhibited significantly more 

behavioral withdrawal in weeks 1 (p=.001) and 2 (p=.004), when compared to infants reared 

by their biological mothers. Infants from either rearing condition showed no differences in 

behavioral withdrawal in weeks 3 (p=.10) and 4 (p=.12). See Table 2. Further analysis of 

behavioral withdrawal showed a linear trend for the adopted infants (p=.01), but not the 

infants reared by their biological mothers (p=.41), with the adopted infants beginning at high 

level, and then showing a significant linear decline across weeks.

Infant Physiology

There was a significant main effect of rearing on ACTH concentrations (F(1,132)=7.18, 

p=.008), with the adopted infants exhibiting higher plasma ACTH in response to separation 

(M=361.18±28.85 pmol/mL), when compared to infants reared by their biological mothers 

(M=274.26±14.83 pmol/mL).
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There was a significant main effect of week on ACTH concentrations (F(1,132)=107.17, 

p<.0001), with a significant linear decline in ACTH concentrations as the weeks progressed 

(week 1: M=441.04±23.25 pmol/mL, week 2: M=317.23±19.06 pmol/mL, week 3: 

M=266.75±15.53 pmol/mL, week 4: M=245.84±15.97 pmol/mL).

There was also a main effect of hour (F(1,132)=101.73, p<.001), with ACTH concentrations 

at hour-1 significantly higher (M=359.89±18.32 pmol/mL) than at hour-2 (M=275.55±15.01 

pmol/mL).

There was a significant week-by-rearing-condition interaction (F(1,132)=5.01, p=.03), with 

adopted infants exhibiting a progressive linear decline in stress-induced plasma ACTH 

concentrations over the four separations (see Figure 1B). A posteriori testing indicated that 

adopted infants exhibited significantly more ACTH concentrations in week 1 (p= 02), week 

2 (p=.001), and week 3 (p=.006), when compared to infants reared by their biological 

mothers. Infants from either rearing condition showed no differences in ACTH in week 4 

(p=.39). See Table 2. Further analysis of ACTH concentrations showed a linear trend for 

the adopted infants (p<.001) and the infants reared by their biological mothers (p<.0001). 

Adopted infants began at a high level and showed a significant linear decline across weeks, 

while infants reared by their biological mothers showed higher levels of ACTH in week 1 

compared to all other weeks.

There was also a significant hour-by-rearing-condition interaction (F(1,132)=6.60, p=.01; 

see Figure 1C). A posteriori testing indicated that adopted infants exhibited significantly 

higher ACTH concentrations in both hour-1 (p=.004) and hour-2 (p=.03). See Table 2.

There was a significant main effect of week on cortisol concentrations (F(1,159)=15.84, 

p < .0001), with a significant linear decline in cortisol concentrations as the weeks 

progressed. There was also a main effect of hour (F(1,159)=209.60, p<.0001), with cortisol 

concentrations at hour-1 significantly lower, when compared to hour-2. There was also 

a significant week-by-hour interaction (F(1,150)=26.30, p < .0001), with hour-2 cortisol 

concentrations exhibiting a significant linear decline across weeks. See Table S3, available 

online. There were no rearing differences for cortisol during any phases of the separation 

stressor. See Table S4, available online.

Young Adult Behavior

There was a significant multivariate effect for rearing condition (adopted or reared by 

biological mother) (F(9,50)=.4.77, p<.0001; Wilk’s Λ=0.538). Significant rearing condition 

differences were found for time spent in behavioral withdrawal (F(1,58)=9.80, p=.003), 

stereotypies (F(1,58)=10.20, p=.002), social contact with others (F(1,58)=8.12, p=.006), 

frequency of approaching the intruder (F(1,58)=11.81, p=.001), and latency to approach the 

intruder (F(1,58)=4.64, p=.04). Compared to subjects that were reared by their biological 

mothers, adopted subjects spent more time in behavioral withdrawal and stereotypies and 

less time in social contact with their homecage conspecifics (see Figure 2A–C). When 

compared to subjects reared by their biological mothers, adopted subjects also engaged 

in more frequent approaches of the intruder and exhibited a shorter latency to approach 

the intruder (see Figure 2D–E). There were no significant relationships between rearing 
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condition and time spent in locomotion, environmental exploration, aggression, or number 

of aggressive vocalizations (p>.05; See Table 3).

Discussion

In support of the hypotheses, randomly-assigned adopted infants exhibited more stress-

induced behavioral withdrawal and higher stress-induced plasma ACTH concentrations 

during weeks 1–3 of a social separation paradigm, when compared to infants reared 

by their biological mothers. Four years later, these behavioral differences persisted, with 

adopted subjects continuing to exhibit more stress-induced behavioral withdrawal. Adoptees 

also showed evidence of impulse control deficits, approaching the potentially aggressive 

intruder more rapidly, as well as more frequently. They were less likely to engage in social 

interactions with their peers and exhibited more repetitive stereotypies during the intruder 

challenge, when compared to subjects reared by their biological mothers.

Mother-infant social separation tends to elicit high levels of stress in infant rhesus 

monkeys29,43, although there are individual differences in coping and resilience44. It is 

notable, that even after random assignment of both offspring and mothers, the adopted 

infants exhibited more behavioral withdrawal and higher stress-induced plasma ACTH than 

that observed in infants raised by their biological mothers, suggesting that adopted infants 

are less resilient to both mild and chronic stress, when compared to subjects reared by 

their biological mothers. During the separation stressor, though infants from both conditions 

remained in their homecage while their mothers were removed, none of the other members 

of the social group carried or consoled them. Consequently, it is unlikely that the stress-

induced differences in behavior and plasma ACTH concentrations are a result of infants 

from one condition being cared for by others in their mothers’ absence. As studies in 

humans show that adoptees are at risk for psychopathology45, it is important to point out 

that in human infants and children high levels of stress-induced behavioral inhibition and 

HPA axis output predict psychopathology later in life, particularly anxiety disorders and 

socioemotional deficits30,46–48. While there were significant differences in stress-induced 

plasma ACTH concentrations between adopted infants and those reared by their biological 

mothers, there were no differences in stress-induced plasma cortisol concentrations. While 

formal tests assessing the underlying reason for this HPA axis response fractionization are 

beyond the scope of this study, it is worth noting that other nonhuman primate studies show 

similar response fractionization (high ACTH concentrations and no differences in cortisol) 

in infant rhesus monkeys following long-term chronic stress, such as social subordination49 

and early-life adverse conditions50.

Consistent with adoption outcome studies in humans, early adoption was associated with 

long-term developmental deficits, as demonstrated by the high levels of stress-induced 

behavioral withdrawal that persisted into young adulthood. Moreover, as young adults, 

the adoptees approached the intruder more often and more frequently, an indication of 

impulsivity in the adoptees. The adoptees also showed high rates of repetitive stereotypies 

and low rates of social affiliation with their familiar peers, suggesting that early adoption 

also led to social deficits that persisted into adulthood, at least under conditions of stress. 

The results of the study are consistent with studies in humans, indicating that adopted 
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individuals show behavioral, socioemotional and impulse control deficits, even when they 

are adopted at birth and randomly assigned to the adoption condition.

As is common in longitudinal work, the sample size of adopted subjects that were also 

assessed in young adulthood was smaller than required by the power analysis. Consequently, 

our ability to detect significant differences between adopted subjects and those reared by 

their biological mothers may have been reduced. Nevertheless, even with this small sample 

size, the adopted infants exhibited persistent stress-induced behavioral withdrawal from 

infancy into young adulthood, which may indicate the strength of the effect of at-birth 

adoption on developmental outcomes.

It is also worth noting that the results from this study assess extremes in behavioral 

outcomes under conditions of stress and, in humans, studies that investigate stress-induced 

differences between those that are adopted at birth and those reared by their biological 

parents are surprisingly lacking. Consequently, the extent to which the stress-induced 

differences seen in this study generalize to humans should be interpreted with caution. 

While a variety of studies assess the outcomes of institutionalized children, studies assessing 

the outcomes of children, adolescents, and young adults that were adopted at birth are 

sorely needed, particularly longitudinal studies. Nevertheless, to the extent that the findings 

generalize to humans, they suggest the behavioral deficits seen in human adoptees are not 

solely a result of high genetic loading in adoptees, but are instead a result of the early 

experience of adoption.

While the assignments to adoption were random, to assure that the differences in the 

behaviors measured were not the result of a random over-representation of half-siblings 

that had high or low dependent variable values, we performed a post hoc assessment of 

half-sibling values on the dependent variables. Each of the dependent variables were sorted 

from high to low and a mean split was used to compare the distribution of offspring from 

fathers and then mothers. No differences were found in the high or low distributions between 

offspring with the same fathers or mothers.

Given the randomly-assigned adoptions in this study, it is likely that some factor other 

than genetic loading for psychopathology, access to prenatal and perinatal care, or parental 

characteristics contribute to the development of psychopathological behavior and outcomes 

in adoptees. This study represents an important first step in establishing a nonhuman primate 

model to assess adoption outcomes. Hence, one limitation is that maternal treatment was 

not measured; nor were the temperaments of the infant or mother assessed. Subsequent 

studies will assess the early mother-infant relationship, including comparing the maternal 

behaviors of mothers rearing biological or adopted infants. It should also be noted that 

the model used in this study does not generalize to all types of adoption, but is limited 

to at-birth adoptions. Nevertheless, to the extent that these results generalize to humans, 

the current study suggests that the increased risk for behavioral pathology and other 

atypical developmental outcomes in adopted infants is not likely to be a product of 

genetic predispositions toward psychopathology in adoptees, as adoptions were randomly 

assigned. Because of the many similarities between rhesus monkeys and humans, and given 

the random assignment of infants to adoption conditions, this study provides a powerful 
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methodology to investigate the impact of adoption on human development humans, which 

may contribute to the development of improved strategies for preventing or alleviating the 

risk for psychopathology among adoptees.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Vignette

One of the foundational components of attachment theory is that a secure attachment is 

rooted in parents providing a secure base to reduce their infants’ arousal. This occurs 

when parents exhibit appropriate sensitivity to their infants’ needs, an area that has 

received much attention using nonhuman primate models. The senior author, who has 

three decades of experience coding mother and infant behavior in rhesus monkeys, could 

not tell the difference between the mother-infant dyads that involved an adoptee and those 

that did not involve an adoptee during general behavioral observations of the dyads. He 

notes that, when observing the adopted infants and the infants reared by their biological 

mothers, the differences were subtle, more likely to emerge during stress, and that they 

were unlikely to be a consequence of overt maltreatment or neglect.
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Figure 1. Differences in Adopted Infants and Those Reared by Their Biological Mothers
Note: Depiction of the behavioral and neuroendocrine differences among adopted infants 

(portrayed by the black bars) and those reared by their biological mothers (portrayed by 

the white bars). Adopted infants exhibited more time in behavioral withdrawal during 

separations, when compared to infants reared by their biological mothers (F(1,134)=5.16, 

p=.03; Panel 1A). Adopted infants exhibited a progressive decline in plasma ACTH 

concentrations over the four separations, while infants reared by their biological mothers had 

higher plasma ACTH concentrations on week 1, compared to weeks 2–4 (F(1,132)=5.01, 

p=.03; Panel 1B). Adopted infants also exhibited higher ACTH concentrations in both 

hour-1 and hour-2, when compared to infants that were raised by their biological mother 

(F(1,132)=6.60, p=.01; Panel 1C). Error bars represent standard error of the mean.
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Figure 2. Differences in Adopted Young Adults and Those Reared by their Biological Mothers
Note: Depiction of the behavioral differences among adopted young adults (portrayed 

by the black bars) and those reared by their biological mothers (portrayed by the white 

bars). Compared to subjects that were reared by their biological mothers, adopted subjects 

spent more time in behavioral withdrawal (F(1,58)=9.80, p=.003; Panel 2A), stereotypies 

(F(1,58)=10.20, p=.002; Panel 2B), social contact with others (F(1,58)=8.12, p=.006; Panel 

2C), and they approached the intruder more often (F(1,58)=11.81, p=.001; Panel 2D), 

exhibiting a shorter latency to approach the intruder (F(1,58)=4.64, p=.04; Panel 2E). Error 

bars represent standard error of the mean.
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Table 1.

Intruder Challenge Behavioral Ethogram

Behavior Description

Aggression Focal subject gives/receives aggression to/from the intruder/cagemates. Contact (e.g., bites, slaps) and non-
contact (eg, threats, lunges) are counted.

Latency to approach intruder Time from the start of test until the focal subject first enters proximity (1m) to the intruder.

Approach intruder Number of times the focal subject enters proximity (1m) to the intruder.

Activity Focal subject moves across the substrate (eg, walking, running, swinging across cage, etc.).

Environmental exploration Focal subject engages in active manual, oral, or pedal examination, exploration, or manipulation of the 
environment.

Social contact Focal subject is within arm’s reach of the cagemates.

Behavioral withdrawal Focal subject remains motionless, and does not engage in social interaction, activity, or environmental 
exploration.

Stereotypy Focal subject engages in repetitive, nonadaptive, rhythmic movement (e.g., pacing, flipping, saluting).

Threat vocalizations Focal subject emits aggressive barks.

Note. Behaviors were scored as duration (seconds), with the exception of threat vocalizations, aggression, and approach intruder, which were 
scored as frequencies.
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Table 2.

Assessing Rearing Differences in Infant Behavioral Withdrawal and ACTH Concentrations During the 

Separation Paradigm

Mean SEM

Adopted Biological Adopted Biological p

Behavioral withdrawal

Week 1 102.16 76.77 6.80 3.68 .001

Week 2 83.86 65.01 5.73 3.10 .004

Week 3 76.92 66.70 5.43 2.94 .10

Week 4 79.97 69.64 5.72 3.10 .12

ACTH (Week)

Week 1 493.93 388.15 41.35 21.25 .02

Week 2 380.89 253.58 33.90 17.43 .001

Week 3 310.29 223.22 27.62 14.20 .006

Week 4 259.59 232.10 28.41 14.60 .39

ACTH (Hour)

Hour 1 414.08 305.67 32.60 16.75 .004

Hour 2 308.70 242.83 26.70 13.72 .03

Note. Boldface type indicates a significant difference (p < .05).
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Table 3.

Rearing Differences in Behaviors During Intruder Challenge

Mean SEM

Adopted Biological Adopted Biological p

Aggression 0.19 0.48 0.14 0.18 .34

Activity 349.21 329.84 68.92 27.78 .78

Approach intruder (frequency) 22.53 11.38 2.89 1.40 .001

Approach intruder (latency) 65.76 299.03 96.53 46.89 .04

Behavioral withdrawal 321.28 225.70 27.21 13.22 .003

Environmental exploration 8.87 14.93 6.92 3.52 .57

Social contact with peers 313.94 674.74 112.81 54.80 .006

Stereotypies 80.99 3.82 21.53 10.46 .002

Threat vocalizations 26.00 38.92 11.67 14.65 .63

Note. Boldface type text indicates a significant difference (p < .05).
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