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Abstract

To study the effects of perinatal HIV-1 infection and early institutional rearing 
on the physical and cognitive development of children 64 Ukrainian uninfected 
and HIV infected institutionalized and family-reared children were examined 
(mean age 50.9 months). Both HIV infection and institutional care were related 
to delays in physical and cognitive development with a larger effect of the rearing 
environment. Family care, even of compromised quality, was found to be more 
favorable for children’s physical and cognitive development than institutional 
care. The impact of the quality of childcare on physical and cognitive development 
is discussed in light of future interventions.
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Introduction

Early exposure to cumulative adversity may cause enduring neurobiological 
changes responsible for a range of developmental deficits in different domains 
(Nelson, 2007). The major sources of childhood adversity are poor health, 
economic hardship, and compromised rearing environment. The presence of 
perinatal HIV infection is associated with all three of them: HIV, as a medical 
condition, has a direct impact on physical and cognitive development of the child; 
as a psychosocial phenomenon, pediatric HIV infection is usually accompanied by 
perinatal adversities, poverty, parental substance abuse and illness, and increased 
risk of child neglect, maltreatment and abandonment (Klunklin & Harrigan, 2002; 
Steele, Nelson, & Cole, 2007).

Currently, thanks to the advances in treatment, HIV infection has turned into a 
chronic, sub-acute condition rather than an acute lethal disease (e.g., De Martino 
et al., 2000). At the same time, due to parental death or child abandonment, 
HIV infection has also become a growing reason for child institutionalization 
(UNAIDS, 2007). As has been repeatedly demonstrated in previous research, 
institutional care jeopardizes children’s optimal development (e.g., Johnson, 
Browne, & Hamilton-Giachritsis, 2006). Nevertheless, several studies suggest that 
in some cases of extremely adverse rearing circumstances well-functioning child-
care institutions may offer children a better rearing environment than their own 
dysfunctional families (e.g., Miller et al., 2007). Therefore, the purpose of this 
study was to examine the separate and combined influences of HIV status and the 
type of the rearing environment, i.e. biological families and child-care institutions, 
on children’s stress regulation, physical and cognitive development, as reflected by 
their diurnal cortisol production, linear growth, general intelligence, and social-
cognitive intelligence as indicated by theory of mind.

Previous research demonstrates that HIV infection is usually accompanied 
by lower birth weight and physical growth delays, and may cause inhibition of 
cortisol production. The growth failure of HIV-infected children is usually caused 
by HIV replication, with the resulting immune response affecting the metabolism 
and consequently physical growth. Growth delays can also occur as a result of 
perinatal and postnatal insults, unrelated to HIV infection, such as prenatal 
substance exposure, prematurity, and malnutrition prevalent among children 
born to HIV-infected mothers, and due to the impact of other HIV clinical 
symptoms, concurrent diseases, and/or treatment toxicity (Bailey, Kamenga, 
Nsuami, Nieburg, & St Louis, 1999; The European Collaborative Study, 2003). 
Furthermore, HIV may cause inhibition of the HPA system functioning due to 
the direct effect of the virus on adrenal gland, or as a result of concurrent diseases 
and/or medical treatment (e.g., Marik, Kiminyo, Zaloga, 2002). 
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Cognitive deficits in HIV-infected children can be attributed to structural central 
nervous system abnormalities and progressive encephalopathy caused by HIV, 
health condition and stage of the disease progress (see Wachsler-Felder & Golden, 
2002 for a review). Developmental delays in HIV infected children can, however, 
also be caused by adverse rearing environment (Brown, Lourie, & Pao, 2000). In 
fact, several studies suggest that adverse rearing environment may have equal or 
even larger effects on the development of children than the infection itself (Coscia, 
Christensen, Henry, Wallston, & Radcliffe, 2001; Smith et al., 2006). 

An average family provides children with what is referred to as the average 
expectable environment. Depending on the child’s age, it encompasses a range 
of species-specific elements, such as protective, stable caregiving, socialization, 
and opens opportunities for exploration of the world (Bowlby, 1998; Cicchetti 
& Valentino, 2006; Hartmann, 1958). The provision of the average expectable 
environment is an important prerequisite for children’s normal development. 
For children reared in HIV-impacted families, poverty, parental substance abuse 
and serious illness are compromising factors falling outside the range of the 
average rearing environment and leading to adverse developmental outcomes 
(e.g., Blanchette, Smith, King, Fernandes-Penney, & Read, 2002; De Bellis, 2005; 
Fishkin et al., 2000; Gottlieb & Blair, 2004). 

As to institutional rearing, it clearly falls outside the range of the average 
expectable environment due to structural neglect that is embedded in the 
organization and functioning of childcare institutions (Van IJzendoorn, 2008): 
its regimented nature, high child-to-caregiver ratio, multiple shifts and frequent 
change of caregivers almost inevitably deprive children of continuous and reciprocal 
interactions with stable caregivers, necessary to respond to their developmental 
needs. Compromised family rearing environment as well as institutional care can 
lead to physical growth delays (Skuse, Reilly, & Wolke, 1994; Van IJzendoorn, 
Bakermans-Kranenburg, & Juffer, 2007), stress dysregulation (Gunnar & Vazquez, 
2006), lower IQ (Nobel, McCandliss, Farah, 2007; Van IJzendoorn, Luijk, & Juffer, 
2008), and delayed false belief understanding (Cicchetti, Rogosch, Maughan, Toth 
& Bruce, 2003; Tarullo, Bruce, & Gunnar, 2007; Pears & Fisher, 2005; Yagmurlu, 
Berument, & Celimli, 2005). 

The link between compromised rearing environment and developmental 
deficits may operate through child–caregiver interactions. Studies suggest that 
even in the condition of structural institutional neglect the quality of caregiving 
plays a leading role in the children’s development. Thus, Smyke and colleagues 
(2007) found that for institution-reared children the caregiving quality was related 
to three out of six developmental outcomes, including cognitive development. 
Based on adoptive parents’ retrospective reports on the standards of institutional 
care, Castle and colleagues (1999) established that individualized care in 
institutions had the strongest positive effect on adoptees’ IQ. Intervention studies 
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also support the importance of child-caregiver relationships, demonstrating that 
even a modest increase of visual, tactile and auditory interaction between a child 
and a caregiver (Hakimi-Manesh, Mojdchi, & Tashakkori, 1984), or some extra 
untutored human care (Hunt, Mohandessi, Ghodssi, & Akiyama, 1976) results 
in improved physical and mental development of institution-reared children (for 
a review and meta-analysis of interventions with institutionalized children, see 
Bakermans-Kranenburg, Van IJzendoorn, & Juffer, 2008). 

Physical surroundings represent another aspect of the rearing environment 
influencing child development (directly and via caregivers, see Evans, 2006 for 
a review). Morison and colleagues (1995) showed that developmental delays in 
children with early institutional experience were less severe in the presence of toys 
and worse when children were dirty or soiled while in institutional care. Studies 
of family-reared children consistently demonstrated that a stimulating and well-
organized physical environment allowing free exploration of developmentally 
adequate objects, toys and books, and language stimulation by caregivers have a 
positive effect on children’s development (e.g., Bradley, 1985). In the current study 
we explored how these factors were related to the development of HIV-infected 
children.

According to Gunnar’s (2001) classification, the institutions involved in our 
study were characterized by the second level of institutional privation, providing 
adequate nutrition and health care, however, lacking stimulation and stability 
in child-caregiver relationships (Dobrova-Krol, Van IJzendoorn, Bakermans-
Kranenburg, Cyr, & Juffer, 2008). This being the case, the question arose whether 
family care even of compromised quality, as in the case of HIV-impacted families, 
facilitates the development of HIV-infected children better than institutional care. 
Or will, perhaps, institutions that provide fairly clean environments, good medical 
care and nutrition, such as those where the present study was conducted, be good-
enough to facilitate the development of children more than the troubled family 
environment that HIV-impacted parents provide? And to what extent does the 
presence of HIV undermine the development of the institution-reared children 
as compared to their non-infected institution-reared peers? To address these 
questions we compared stress regulation, physical and cognitive development 
of HIV-infected children with about the same level of immune control over the 
infection, as reflected by their CD4 T-lymphocyte count (McMichael & Rowland-
Jones, 2001), in different rearing environments: families versus institutions. To 
examine the effect of HIV infection on physical and cognitive development with 
respect to the type of the rearing environment we also included family- and 
institution-reared children without the HIV condition.

Hypotheses
We predicted the following: (a) both HIV infection and institution-rearing would 
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lead to stress dysregulation and delayed physical and cognitive development; with 
an expected larger effect of the rearing environment than of HIV infection; (b) 
even compromised family care was expected to be more favorable for the child’s 
development than institutional care, but quality of care within the institution was 
predicted to be associated with level of cognitive development. 

Method

Participants
Participants were 64 children: 13 HIV-infected institution-reared children, mean 
age 52.28 months (SD = 12.99; range 34.78 – 74.16); 16 uninfected institution-
reared children, mean age 48.14 months (SD = 9.72; range 35.11 – 66.73); 16 HIV-
infected family-reared children, mean age 52.01 months (SD = 14.78; range 30.18 
– 71.56); and 19 uninfected family-reared children, mean age 51.44 months (SD 
= 9.77; range 37.48 – 67.06). The groups did not differ with respect to age and 
gender. Data on the background characteristics of children is presented in Table 
1. All HIV-infected children were born to seropositive mothers and acquired the 
infection perinatally. Diagnosis of HIV-1 infection was based on positive viral 
culture of polymerase chain reaction assay performed after the neonatal period 
on at least two occasions over two months. In the group of uninfected institution-
reared children five had perinatal hypoxic neurological conditions (PHNC), 
whereas there were no cases of PHNC in the three remaining groups. Because 
previous studies have demonstrated that PHNC are related to altered physical and 
cognitive development and stress regulation (Ellis et al., 2001; Van Handel, Swaab, 
De Vries, & Jongmans, 2007) we decided to exclude these children from further 
analysis. Moreover, one of the HIV-infected family-reared children was excluded 
because of clear signs of fetal alcohol syndrome not reported in the medical 
records, resulting in an effective sample of 58 children.  The power of the current 
design with two factors (HIV and rearing environment), N = 58 children and an 
expected large effect size (f = .40) was .82; for the multivariate analyses including 
one covariate (birth weight, see below) the power was .85.

Institution-reared children. Institution-reared children were recruited from four 
Children’s Homes in Ukraine. The following selection criteria were applied: a) 
age between 3 and 6 years old; b) admission to institutional care within the first 
year of life; c) no genetic syndromes (e.g., Down syndrome); d) no evidence of 
fetal alcohol syndrome in the medical records; e) permanent residence in child 
care institutions since admission. These selection criteria substantially limited the 
number of children who could participate in the study. On average, the mean 
age at admission to institutional care of the uninfected children was 1 month  
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(SD = 1; range: 0 – 3), and they had been living in institutions for 47 months (SD 
= 9; range: 35 – 65). The mean age at admission to institutional care of the HIV-
infected children was also 1 month (SD = 2; range: 0 – 7). One child who was 
admitted at 7 months of age previously had lived in a hospital and was cared for 
by the hospital staff. HIV-infected children had been living in institutional care 
for 51 months on average (SD = 14; range: 35 – 74). 

The data on the history of institutionalization showed that in the group of 
uninfected institution-reared children nine were admitted to institutional care 
because of poverty, two due to family disruption; and four because one or both 
parents were in prison; one child was an orphan. Since admission to institutional 
care seven of the uninfected children were transferred from one institution to 
another. For one child information about the number of transfers between 
institutions was missing. Seven uninfected children remained in occasional 
contacts with their parents or family members. Among the uninfected institution-
reared children two had siblings living in the same institution; the siblings did not 
participate in our study.

In the group of HIV-infected institution-reared children one child was admitted 
to institutional care due to poverty, one child due to family disruption, and five 
children because one or both parents were in prison; six of the HIV-infected 
institution-reared children were orphans. Five HIV-infected children were once 
transferred from one child-care institution to another. Three of the HIV-infected 
children remained in occasional contacts with their biological family members. 
HIV-infected children had no siblings residing in the same institution.

Family-reared children. Family-reared children were recruited from local 
Ukrainian kindergartens, schools, and clinics where routine health checks take 
place. Caregivers of HIV-infected family-reared children were contacted through 
a non-governmental organization providing psychosocial support to HIV-infected 
people in the region. Some of the contacted caregivers refused to participate in the 
study mainly because several measures (see below) involved the video-recording 
of activities at home; some parents refused to participate because of the seemingly 
complicated procedure of diurnal salivary cortisol sampling, which along with the 
strict selection criteria limited our sample size. Children were selected according 
to the following criteria: a) age between 3 and 6 years old; b) living in biological 
families; c) no genetic syndromes (e.g., Down syndrome); d) no evidence of 
fetal alcohol syndrome in the medical records; and e) no previous history of 
institutionalization. 

All uninfected children were reared in two-parent biological families with at 
least one employed parent. In two cases, the excessive use of alcohol by fathers was 
reported. There were no reported cases of criminal records among the parents of 
uninfected family-reared children. Among HIV-infected family-reared children 
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eight were living in two-parent biological families; four were reared by single 
mothers; and three by their single biological grandmothers as their parents were 
unable to take care of the children due to drug abuse. In eight families at least 
one parent was using alcohol and/or drugs and in one family both parents were 
abusing alcohol. In three families both parents were unemployed. In four families 
at least one parent had a criminal record and in one case both parents had criminal 
records. In two cases data on criminal records of the fathers were missing. Both 
uninfected and HIV-infected family-reared children were raised in families with 
low-to-middle income, but the monthly income of the HIV-impacted families was 
significantly lower than of families without HIV, t(23) = 2.54, p < .05. We tested 
whether income of the families as a proxy for family SES impacted the outcome 
measures of the family-reared children, but no significant difference emerged (.15 
< p < .46).

Procedure 

For all children enrolled in the study informed consent was obtained; for the 
children in the Children’s Homes from the local department of the Ministry 
of Health, and for the children in the family-reared group from their parents 
or primary caregivers. All children were invited for a laboratory assessment 
procedure. Institution-reared children were accompanied by their “favorite” 
caregiver, as determined through preliminary informal interviews with children 
and caregivers. If a favorite caregiver was difficult to identify, the person who spent 
most of the time with a child and knew him or her best was invited. Family-reared 
children were accompanied by their primary caregiver. During the laboratory 
assessment procedure the children underwent a physical examination (height, 
weight, and head circumference) and were administered an abbreviated, non-
verbal cognitive performance test (SON-R) and a Theory of Mind task. Because 
of limited time and resources assessment of the rearing environment was possible 
only for the HIV-infected children and was conducted during home visits in 
the case of family-reared children and during visits to child-care institutions for 
institution-reared children.

Measures 

Child HIV-1 health status. Following the assessment procedure the children’s 
medical records from the regional AIDS Center were reviewed in order to obtain 
the following data:  immunological status according to the Centers for Disease 
Control and Prevention (CDC) classification, cluster of differentiation 4 (CD4) 
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T-lymphocyte counts that reflect the level of immune control over the infection 
(McMichael & Rowland-Jones, 2001), and duration and type of antiretroviral 
treatment. CD4 cell counts most proximal to the time of assessment were used 
(range 1 to 3 months). Preliminary analysis revealed no significant difference 
between the HIV-infected family-reared and institution-reared children on CD4 
cell counts, t(27) = -1.48, p = .15 (see Table 1). Out of 20 children subjected to 
the treatment, 18 received the same anti-retroviral medications. Table 1 shows 
that 37.5 % of family-reared children and 92.3% of institution-reared children 
were receiving antiretroviral therapy at the time of the assessment; no significant 
difference between family-reared and institution-reared children was found on 
duration of antiretroviral treatment t(15) = -0.57, p = .58. We tested whether 
the children receiving antiretroviral therapy differed from the non-treated HIV-
infected children on all outcome measures, but no significant difference emerged 
(.15 < p < .94).

Physical growth. Data on physical growth was collected from the children’s medical 
records. Measurements of current height, weight and head circumference of all 
children were conducted by a trained research assistant during the laboratory 
visit. For the purposes of the present study we used birth weight as a marker 
for prenatal adversities (e.g., Nordstrom-Klee, Delaney-Black, Covington, 
Ager, & Sokol, 2002; Shankaran et al., 2004). Current height, weight, and head 
circumference were highly correlated (rs > .50), and because faltering of height 
serves as a good indicator of long term chronic adversities (e.g., Miller, 2005), 
current height-for-age scores were used as index for physical growth. Height-
for-age (HAZ) was calculated with the software program Epi Info™, Version 3.3.2 
using the sex specific 2000 CDC reference database (Dean et al., 2002). 

Diurnal salivary cortisol sampling. A six-sample protocol was followed. Saliva 
samples were collected on a typical day from the institution-reared children by 
an institutional nurse and from the family-reared children by their parent. The 
standard saliva collection protocol and assay procedure for determining cortisol 
concentration in the saliva samples was applied (see for details, Bakermans-
Kranenburg, Van IJzendoorn, Mesman, Alink, & Juffer, 2008; Dobrova-Krol et 
al., 2008). Due to the low concentration of saliva within the cotton swabs, five 
HIV-infected and five uninfected family-reared children had missing data at 
one or two out of the six sampling points. In these cases missing cortisol values 
were generated with log curve estimation analyses using individual sampling 
times as the independent variable, resulting in 52 children with complete cortisol 
data. Three HIV-infected children and one uninfected family-reared child who 
had missing data at more than two sampling points as well as one HIV-infected 
family-reared child who refused to cooperate were not included in the analysis 
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involving diurnal cortisol. Another uninfected family-reared child was excluded 
from the analyses involving diurnal cortisol because he was ill at the day of saliva 
sampling. Diurnal cortisol scores were log 10 transformed prior to analyses (Azar 
et al., 2004). 

In order to assess the overall secretion of cortisol from awakening until 
bedtime the ‘Area under the curve with respect to ground’ (AUCg) was computed 
(Pruessner, Kirschbaum, Meinlschmid, & Hellhammer, 2003). Since the AUCg 
was related to the total time that the children were awake (from awakening till 
bed time) we corrected the AUCg for children’s total time of being awake. In the 
group of HIV-infected institution-reared children two outliers on the AUCg were 
assigned a raw score on the offending variable that differed one unit from the next 
most extreme score in the distribution (Tabachnick & Fidell, 2007). 

Cognitive performance. The Snijders-Oomen Nonverbal Intelligence Test (SON-R) 
was used to assess the children’s cognitive performance (Tellegen, Winkel, 
Wijnberg-Williams, & Laros, 1998). The SON-R is a non-verbal intelligence test 
for children between 2.5 and 7 years of age that does not require the use of spoken 
or written language. The test consists of six non-verbal subtests that focus on 
two different types of abilities: visual-spatial abilities (meaningful pictures) and 
abstract reasoning (non meaningful pictures). Previous research showed that the 
non-verbal SON-R test is well suited for use with children of ethnic minorities in 
the Netherlands (Tellegen & Laros, 1993) and in other countries (e.g., Australia, 
Jenkinson, Roberts, Dennehy, & Tellegen, 1996; China, Zhang, Gong, Sun, & Tian, 
1997). In our study, we selected two of the most reliable subtests of the SON-R 
to assess the children’s cognitive performance (Tellegen & Laros, 1993): a visual-
spatial performance subtest Patterns and an abstract reasoning subtest Analogies; 
average internal consistency of the subtests was .76. Convergent validity of the 
SON-R IQ with the WISC-R FSIQ and PIQ was .80, and with the Raven’s matrices 
.74 (Tellegen & Laros, 1993). In our sample the internal consistency of the used 
subtests as estimated by Cronbach’s alpha was .81. Total cognitive performance 
score was calculated with the SON-R computer program on the basis of the two 
subtests. 

Theory of Mind. To assess the children’s ability to comprehend false belief, we used 
one of the False Belief tasks: the classic Unexpected-Transfer Task (Baron-Cohen, 
Leslie, & Frith, 1985). The Unexpected-Transfer Task has a number of advantages 
when testing children without or with very little productive language skills due 
to its easily understood storyline supplemented by the use of props, simple 
vocabulary and its non-verbal response mode (Baron-Cohen, 1992; Garfield, 
Peterson, & Perry, 2001). The Unexpected-Transfer Task demonstrated good test-
retest reliability, with the kappa value of .62 (Hughes et al., 2000). The task was 
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acted out with two dolls, Sally and Anne, each with a different colored basket and 
a ball, and involved unseen displacement of the object, in which Sally puts a ball in 
her basket and then leaves the scene. While Sally is away and cannot watch, Anne 
takes the ball out of Sally’s basket and puts it into her box. Sally then returns and 
the children are asked where they think she will look for her ball. To pass the task 
children were to answer that Sally will look inside her basket before realizing that 
her ball isn’t there, and thus predict an action based on an attributed false belief. 
The names of the dolls were changed into the culturally appropriate ones.

Rearing environment. The HOME inventory was employed to assess the rearing 
environments of HIV-infected family- and institution-reared children. The Early 
Childhood HOME Inventory is designed to measure the quality and quantity of 
stimulation and support available to a child in the rearing environment (Bradley 
et al., 1993). The information needed to score the HOME was obtained during a 
45- to 90-min visit to the place where the child lived, during a time when the child 
and the child’s primary caregiver were present and awake. The semi-structured 
interview and observation were conducted with minimal obtrusiveness and 
allowed observed participants to act normally (Caldwell & Bradley, 2003). The 
Child Care Early Childhood version of the HOME (CC-EC-HOME) designed for 
use between 3 and 6 years of age was employed in the study. It contains 58 items 
clustered into eight subscales: Learning Materials, Language Stimulation, Physical 
Environment, Caregiver Responsivity, Academic Stimulation, Modeling, Variety 
of Experience, and Acceptance. The Inventory was translated into Russian and 
the interviewers were trained by the first author. In order to calculate inter-rater 
reliabilities, a second observer coded 93% of the CC-EC-HOME observations: 
intra-class correlation coefficients for all the sub-scales scores and the total HOME 
scores ranged from .73 to .94.

Background characteristics. Univariate ANOVAs and chi-square tests showed no 
significant differences between the four groups on age of the biological mother, 
child gender, or child age. Differences on the variables related to child background 
characteristics are presented in Table 1. 

Results

Preliminary Analysis
Preliminary analyses did not reveal an association between gender and any of the 
outcome variables, i.e., height at the assessment, diurnal cortisol production, and 
cognitive performance. Birth weight was significantly related to current height 
(p <.01), marginally related to cognitive performance on SON-R (p = .06), and 
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not related to ToM (p = .11). We used birth weight as a covariate in our analyses 
involving height and SON-R. Current age of the child was significantly related only 
to ToM (p < .01), and was taken into account in analyses involving this variable. 
Means and standard deviations of height, diurnal cortisol production, cognitive 
performance on SON-R, and percentages of children who passed the ToM task 
are presented in Table 2.

Differences Between Uninfected and HIV-Infected Family- and Institution-Reared 
Children on Height, Stress Regulation, and Cognitive Performance

Height. Figure 1, based on the height-for-age means with standard errors from 
birth to 48 months of age, shows the height trajectories of the four groups across 
infancy and early childhood. Although both groups of HIV-infected children had 
lower supine length at birth than their uninfected counterparts, this difference 
was significant only between uninfected family-reared children and HIV-infected 

Note: at 36 months N = 47 (family-reared uninfected = 8, family-reared infected = 16, 
institution-reared uninfected = 10, institution-reared infected = 13); at 48 months N = 35 
(family-reared uninfected = 8, family-reared infected = 11, institution-reared uninfected 
= 7, institution-reared infected = 9).

� Family-reared uninfected � Institution-reared uninfected
� Family-reared HIV-infected  � Institution-reared HIV-infected

months

Figure 1. Height-for-age (Z-scores, Mean, SE) of uninfected and HIV-infected family-and 
institution-reared children
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institution-reared children (p < .01). Figure 1 shows a normal pattern of linear 
growth of the uninfected family-reared children remaining within 1 SD (range = 
0.29 to 0.87) of the reference population. For the other three groups a faltering of 
linear growth after birth was observed at different periods of their development: 
the height of the HIV-infected family-reared children remained within 1 SD 
(range = -0.97 to 0.08) of the reference population; the height of the uninfected 
institution-reared children ranged from -2.09 to -0.75; and the height of the HIV-
infected institution-reared children ranged from -3.25 to -1.74. At the time of the 
assessment all four groups had mean height-for-age scores within 2 SD from the 
reference population (see also Table 2). 

Stress regulation: diurnal cortisol production. Figure 2 illustrates diurnal cortisol 
curves of uninfected and HIV-infected family-and institution-reared children. 
Table 2 shows the mean values of the total diurnal cortisol production for the four 
groups of children.

Cognitive performance: SON-R and ToM. As Table 2 shows, cognitive performance 
on SON-R of the uninfected family-reared children was in the average range (M 
= 98.94, SD = 19.59), performance of HIV-infected family-reared children was 

awakening 45 min 2,5 hours 8 hours 12 hours bedtime
-0,2

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

Figure 2. Diurnal cortisol values (nmol/l, log transformed) of uninfected and HIV-infected 
family-and institution-reared children

� Family-reared uninfected � Institution-reared uninfected
� Family-reared HIV-infected  � Institution-reared HIV-infected
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in the borderline deficiency range (M = 79.07, SD = 16.90); and performance of 
uninfected institution-reared children (M = 69.73, SD = 21.28) and HIV-infected 
children (M = 64.00, SD = 8.59) fell in the range of mental deficiency according 
to the SON-R norms (Tellegen et al., 1998). Table 2 presents the percentages of 
children who passed the ToM task.

Multivariate Analyses
In Table 3, bivariate correlations between the control and outcome variables in 
the whole sample and as a function of the rearing environment and HIV infection 
are presented. 

To assess the difference between the groups as a function of the rearing 
environment and HIV status we conducted a MANCOVA on current height, 
diurnal cortisol production, and cognitive performance, controlling for birth 
weight. Significant overall effects were found for rearing environment, F (3, 44) = 
10.23, p < .01, partial η2 = .41, and for HIV status, F (3, 44) = 3.01, p = .04, partial 
η2 = .17. Subsequent ANCOVAs showed main effects for rearing environment and 
HIV status for both height and cognitive performance and a significant interaction 
effect for diurnal cortisol production (see Table 2). A priori contrasts revealed 
that uninfected family-reared children had significantly better scores on current 
height than both institution-reared groups, and performed significantly better on 
the SON-R test than all other groups. No significant difference on current height 
and SON-R between the HIV-infected family-reared children and uninfected 
institution-reared children was found. HIV-infected institution-reared children 
had significantly lower current height and SON-R scores than both family-reared 
groups, but they did not differ significantly from the uninfected institution-reared 
group (see Table 2). Diurnal production of cortisol was significantly higher in the 
group of uninfected institution-reared children as compared to uninfected family-
reared children and HIV-infected institution-reared children, but uninfected 
institution-reared children did not differ significantly from HIV-infected family-
reared children. 

For ToM, chi-square analysis based on the extension of the Fisher’s exact test 
for larger contingency tables and for small sample sizes (Verbeek & Kroonenberg, 
1985) demonstrated significant differences between the groups, χ2 (3, N = 58) = 
8.33, p = .04, with family-reared uninfected children outperforming the other 
three groups of children. To control for age, we used a median split of the sample 
on age and compared the children’s ToM performance among younger (< 47.86 
months) and older (> 47.86 months) children. We found that in the group of 
younger children the success rate was 43% for uninfected family-reared children, 
and 17% for HIV-infected institution-reared children, none of the HIV-infected 
family-reared and uninfected institution-reared children passed the task. Among 
older children the success rate was 73% for uninfected family-reared children, 
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67% for uninfected institution-reared children, 50% for HIV-infected family-
reared children, and 29% for HIV-infected institution-reared children. Separate 
chi-square analysis conducted to compare the performance of uninfected and 
HIV-infected family- and institution-reared children in the younger and older 
groups on ToM demonstrated a significant effect for the younger children, χ2 (3, 
N = 29) = 7.58, Fisher exact p = .04, again with family-reared uninfected children 
outperforming the other three groups of children, and no effect for the older 
children, χ2 (3, N = 29) = 3.62, Fisher exact p = .35. 

Cognitive Development and Environmental Characteristics
To compare the rearing environments of HIV-infected family- and institution-
reared children, one-way ANOVA’s on HOME subscales and HOME total scores 
were conducted (see Table 4; HOME scores were not available for the non-HIV 
infected participants, see Method). 

To obtain an accurate picture of the magnitude of the differences between the 
two groups on the various HOME scales, independent of sample size, we also 
present effect sizes, as reflected by Cohen’s d. According to Cohen (1988), d = 
0.20 can be interpreted as a small effect size, d = 0.50 as medium, and d = 0.80 as 
large. The rearing environment of the HIV-infected institution-reared children 
was scored significantly higher than the environment of HIV-infected family-
reared children on the Physical Environment subscale, F (1, 27) = 24.11, p < .01 
(d = -1.94), and the Variety subscale, F (1, 27) = 8.23, p < .01 (d = -1.11), and 
significantly lower on the Acceptance subscale, F (1, 27) = 13.31, p < .01 (d = 2.84). 
No difference was found on the HOME total score, F (1, 27) = 0.39, p = .54 (d = 
-0.24). 

To examine how various aspects of the rearing environment as reflected by the 
HOME subscales were associated with the cognitive performance of HIV-infected 
children, we computed the correlations between the HOME subscales and SON-R 
scores (see Table 4). For the whole group of HIV-infected children higher SON-R 
scores were related to more Language Stimulation, (r = .54), and more Acceptance, 
(r = .42). For HIV-infected family-reared children higher SON-R scores were 
related to more Language Stimulation (r = .50). For HIV-infected institution-
reared children higher SON-R scores were related to higher total HOME scores (r 
= .66). We did not find any significant relations between the HOME subscales and 
current height, diurnal cortisol production, and ToM performance.
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Discussion

Both HIV infection and institutional care are related to delayed physical growth 
and poor cognitive performance. The impact of the rearing environment on 
physical growth and cognitive performance on SON-R was, however, greater than 
the impact of HIV infection. Family care, even of compromised quality, was found 
to be more favorable for children’s physical growth and cognitive development 
than institutional care. HIV-infected children reared in disadvantaged families 
showed better physical and cognitive development not only in comparison to HIV-
infected children, but also compared to non-infected relatively healthy children 
reared in institutions providing good quality physical environments. In families 
as well as in institutions better quality of the rearing environment was associated 
with higher levels of cognitive performance of HIV-infected children. We found 
elevated diurnal cortisol production in uninfected institution-reared children, and 
lower levels of diurnal cortisol production in their HIV-infected counterparts. 
Finally, uninfected children reared in families performed significantly better on 
the Theory of Mind task than all other groups.  

The design of the current study provides a unique opportunity to examine how 
perinatal HIV infection and early rearing environment affect stress regulation, 
physical growth and cognitive development of children in an ethnically 
homogeneous group. Moreover, to control for major differences in the duration and 
type of institutional care, we assessed children who were admitted to institutional 
care at one month after birth on average and who permanently resided in childcare 
institutions with about the same level of institutional privation. 

Physical growth. The association between HIV status and lower birth weight 
and physical growth delays has been well documented in previous studies (e.g., 
Bailey et al., 1999; The European Collaborative Study, 2003), and was replicated 
in our sample. Archival data showed that delays in physical development of HIV-
infected children were evident already at birth and persisted through the course 
of the child’s development as compared to non-infected children raised in similar 
rearing environments. However, physical growth delays of HIV-infected children 
reared in families were less substantial not only in comparison to HIV-infected 
but also uninfected institution-reared children, who received adequate nutritional 
provision and health care, and whose physical environment was not significantly 
different from the environment of their family-reared counterparts as revealed by 
the HOME Total Score. 

Stress regulation. Our finding of an interaction effect between HIV status and 
type of care on total diurnal cortisol production indicates that the institutional 
environment, as a source of repeated daily intermittent stress, may cause an 
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elevation of cortisol production for uninfected children, as also documented in 
other studies addressing stress regulation of children with institutional experience 
(e.g., Gunnar, Morison, Chisholm, & Schuder, 2001). In the case of HIV-infected 
children, it may contribute to a weakened immune system functioning that allows 
HIV to have a greater inhibiting impact on cortisol production as compared to 
HIV-infected family-reared children. However, since family- and institution-
reared children had similar CD4 T-lymphocyte counts (reflecting the level of 
immune control over the infection), an alternative and perhaps more plausible 
explanation is related to antiretroviral treatment that the majority of the HIV-
infected institution-reared children and less than half of the family-reared children 
were receiving, which may also inhibit production of cortisol (e.g., Marik et al., 
2002).     

Cognitive performance on SON-R. The cognitive performance of the uninfected 
family-reared children was in the average range, whereas in the HIV-infected 
family-reared children it was in the borderline deficiency range, and in both 
uninfected and HIV-infected institution-reared children it fell in the range of 
mental deficiency (Tellegen et al., 1998). For institutionalized children the impact 
of the infection on cognitive functioning appeared to be not very substantial. 
In fact, not all aspects of cognitive functioning may be equally affected by the 
presence of HIV. For example, along with normal performance of HIV-infected 
children on various measures of IQ, lower levels of performance have been found 
for executive functioning and processing speed (Koekkoek, De Sonneville, Wolfs, 
Licht, & Geelen, 2008), visual-spatial and time orientation tests (Tardieu et al., 
1995), and motor development (Blanchette, Smith, King, Fernandes-Penney, 
& Read, 2002). The SON-R test used in our study was not meant to detect 
impairments in executive functioning.  

At the same time, a substantial discrepancy in cognitive performance between 
family-reared children with and without HIV was observed: it was more than 
three times larger than between institution-reared children with and without HIV. 
This discrepancy may be attributed to the difference in the rearing circumstances 
in the HIV-infected and uninfected families; whereas uninfected children were 
from relatively normally functioning low-to-middle class families, HIV-infected 
children were growing up in more problematic family environments. The relatively 
small difference in cognitive performance of institution-reared children may 
be explained by the fact that both uninfected and HIV-infected children were 
raised in mixed groups in the same institutions, and their rearing circumstances 
were nearly identical. Alternatively, it may reflect a general floor effect in non-
neurologically impaired groups.

On average, the institution-reared children were more than 22 IQ points 
behind the family-reared children, and the gap between HIV-infected institution-
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reared children and their family-reared counterparts was more than 15 IQ points. 
Examination of the rearing environments of HIV-infected children living in families 
and institutions with the HOME inventory revealed no significant differences 
on the HOME Total Score between those groups. Interestingly, scores on the 
individual HOME scales indicate that in comparison to the rearing environment 
of HIV-impacted families, childcare institutions were providing more toys, books, 
and games that facilitate learning; the physical environment of the institutions was 
safer, offered more space, and was perceptually more appealing; finally, the care 
arrangements in the institutions provided more variety for the children. However, 
despite these benefits, HIV-infected institution-reared children showed greater 
cognitive delay than their family-reared counterparts. Further examination of the 
individual scales of the HOME inventory revealed that caregivers of the HIV-
infected family-reared children were more accepting. Basically, institutional 
care was offering a better physical environment, whereas families secured more 
supportive child-caregiver interaction. Our findings suggest that the presence 
of a primary caregiver, and family care, even of compromised quality, promotes 
cognitive development of HIV-infected children above institutional care. 
Importantly, we found that correlations between cognitive performance and 
different aspects of the rearing environment reflected by the HOME scales were 
of considerable strength - even if they were not always statistically significant due 
to small subsample sizes. Also, the overall quality of care within institutions was 
associated with the cognitive performance of HIV-infected children; however, 
fairly adequate physical aspects of the rearing environment appeared to be 
insufficient to facilitate normative cognitive development. 

Theory of Mind. More than half of the uninfected family-reared children passed 
the ToM Task assessing the acquisition of false belief understanding, which 
was more than two times more than in the remaining three groups of children. 
This difference was especially evident among the younger children. This finding 
confirms that the average expectable environment facilitates earlier acquisition of 
ToM. However, although HIV-impacted families secured better child-caregiver 
interaction than in institutions, it was not sufficiently better to facilitate early ToM 
development, which requires from caregivers a certain level of sensitivity, fine 
tuning and mind-mindedness as well as the ability to focus on the child’s thoughts 
and feelings (Fonagy, Gergely, & Target, 2007). In the same vein, another study 
addressing the development of ToM in family- and institution-reared children 
demonstrated significantly better results for family-reared children from middle 
SES families and failed to demonstrate statistically significant differences between 
children reared in low SES families and in institutions (Yagmurlu et al., 2005). 
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Limitations and Future Directions 
The major limitation of the current study is its modest sample size that calls for 
replication of our findings in other countries and institutional settings. However, 
the power of the study was adequate (> .80) and sufficient to find significant 
differences of the expected magnitude. The design of the study did not allow for 
random assignment of children to different conditions. Because of the scarce 
information on perinatal development, we were only able to account for possible 
effects of birth weight as a proxy for perinatal insults. Besides, children in the 
four settings may have been systematically different in their genetic makeup, 
and further studies are needed to extend our understanding of how such genetic 
differences might contribute to the development of institution-reared children, 
making them less or more vulnerable to the negative effects of structural neglect 
(Rutter, 2006). Finally, the group of uninfected family-reared children was different 
from the other three groups in that these families most likely provided the average 
expectable environment. On the one hand, conclusions regarding the effects of 
HIV status on developmental outcomes should remain preliminary until direct 
comparison with a group of high risk families without HIV infected children is 
made. On the other hand, it does allow assessing differences in the effects of the 
average expectable environment and institutional care among uninfected children. 
It should also be noted that income differences between the two types of families 
were not associated with children’s growth parameters, cortisol production, and 
cognitive development. 

Practical Implications
Our study has important practical implications, especially concerning the 
development and implementation of intervention efforts in childcare institutions, 
which is the important strength and impact of this study. Our results indicate 
that it seems to be the quality of child-caregiver relationships and not so much 
the presence of HIV infection or the quality of the physical environment that 
contributed to the (delays in) growth and cognitive development of the children 
in our study. This finding points to the importance of comprehensive but focused 
intervention efforts in childcare institutions. Renovation of premises and 
equipping them with toys and learning materials, which has become a popular 
form of intervention in Eastern Europe, is certainly valuable, but our findings 
suggest that they may not be sufficient to decrease the gap between the institutional 
environment and the environment necessary for normative child development. 

Of course, family-type of care is the best alternative for institution-reared 
children. Recent findings of The Bucharest Early Intervention Project (BEIP) in 
which children were randomly assigned to foster families or institutional care 
demonstrated that by the age of four, children in foster care were scoring almost 
10 points higher on IQ tests than the children left in the orphanages, and those 
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children who left the orphanages before two years of age saw an almost 15-point 
increase (Nelson et al., 2007). However, much time may pass before in Ukraine, 
with about 112,000 children under the age of 17 years reared in institutions 
(State Institute for Family and Youth Development, 2007), emerging alternative 
care and especially foster care for children with special needs and HIV will 
substitute institutionalized childcare. Unfortunately, HIV related stigma and fears 
are still dominating among the general population. Some of the caregivers who 
participated in our study admitted that they had to conceal their involvement 
with HIV-infected children from their families. Not surprisingly, children with 
HIV remain the least preferred candidates for adoption or foster care. Therefore 
intervention programs ameliorating the impact of institutionalization are of high 
importance for those children who are lacking the alternatives of growing up in 
family care. We believe that in such cases institutions offering good nutritional 
support and health care, especially important when adherence to the treatment 
regime is required, may serve at least as a temporary resort for the children. 
However, changing the structural neglect by enhancing the stability and the 
quality of the child-caregiver relationship should be a precondition and the major 
target of the intervention efforts (The St. Petersburg – USA Orphanage Research 
Team, 2008).

Thus, our study fulfils an important pilot function, increasing our knowledge 
about the physical and cognitive development of an emerging special-needs 
group of HIV-infected children reared in childcare institutions. Especially now, 
when the number of HIV-infected children in Ukraine and elsewhere in the world 
is growing, we hope that the examination of possible risk and protective factors 
affecting their development will contribute to a better understanding of their 
developmental processes, and to practical recommendations that ultimately lead 
to an improvement of their quality of life.


