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Abstract
Objective—To evaluate if mediational intervention for sensitizing caregivers (MISC) MISC
biweekly caregiver training significantly enhanced child development, compared with biweekly
training on health and nutrition (active control) and to evaluate whether MISC training improved
the emotional well-being of the caregivers compared with controls.

Study design—Sixty of 120 rural Ugandan preschool child/caregiver dyads with HIV were
assigned by randomized clusters to biweekly MISC training alternating between home and clinic
for one year. Control dyads received a health and nutrition curriculum. Children were evaluated at
baseline, 6 months, and 1 year with the Mullen Early Learning Scales and the Color-Object
Association Test (COAT) for memory. Caldwell HOME and videotaped child/caregiver MISC
interactions also were evaluated. Caregivers were evaluated for depression and anxiety with the
Hopkins Symptoms Checklist.

Results—Between-group repeated-measures ANCOVA comparisons were made with age, sex,
CD4 levels, viral load, material SES, physical development, and HAART treatment status as
covariates. The children given MISC had significantly greater gains compared with controls on the
Mullen Visual Reception scale (visual-spatial memory) and on COAT memory. MISC caregivers
significantly improved on HOME scale and total frequency of MISC videotaped interactions.
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MISC caregivers also were less depressed. Mortality was less for children given MISC compared
with controls during the training year.

Conclusions—MISC was effective in teaching Ugandan caregivers to enhance their children’s
cognitive development through practical and sustainable techniques applied during daily
interactions in the home.
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Enhanced access to highly active anti-retroviral therapy (HAART) medications for children
in the developing world has changed the prognosis for infected children from a uniformly
deadly disease early in childhood, to one in which survival well into adolescence is not
uncommon.(1) African children with HIV are now able to survive longer, but they remain at
significant risk developmentally, partly because of psychosocial distress from compromised
caregiving and HIV-related orphanhood.(2) Therefore, it is important to consider strategies
for enhancing their cognitive and psychosocial development in the face of HIV disease
encephalopathy, psychosocial distress, malnutrition, and seriously compromised caregiving
due to parental illness from HIV/AIDS.(3)

The mediational interaction for sensitizing caregivers (MISC) approach is a training
program providing caregivers with strategies for enhancing the development of their
children through day-to-day interactions in the home. The MISC approach was developed by
Dr Pnina Klein, who has documented the effectiveness of this approach with impoverished
children in Africa and globally.(4, 5) Unlike models based on simple direct learning through
stimulating the senses with an enriched environment,(6–11) MISC is a mediational approach
based on Feurerstein’s theory of cognitive modifiability.(12, 13) We selected MISC for our
caregiver training intervention because it is culturally adaptable in low resource settings and
significantly enhanced cognitive, language, behavioral, and academic outcomes in
impoverished children in Addis Ababa, Ethiopia.(4, 10, 14)

The fundamental premise of this approach is that mediated learning best occurs
interactively, when the caregiver interprets the environment for the child. To do so, the
caregiver must be sensitive to the child’s cognitive and emotional needs, interests and
capacities.

MISC training teaches the caregiver practical strategies for: (1) focusing (gaining the child’s
attention and directing him/her to the learning experience in an engaging manner); (2)
exciting (communicating emotional excitement, appreciation, and affection with the learning
experience); (3) expanding (making the child aware of how that learning experience
transcends the present situation and can include past and future needs and issues); (4)
encouraging (emotional support of the child to foster a sense of security and competence);
and (5) regulating (helping direct and shape the child’s behavior in constructive ways with a
goal towards self-regulation).(4, 5, 10, 15)

The principal study goal was to implement a MISC caregiver training intervention with the
principal caregivers of preschool-age children with HIV in an impoverished rural district
area of Uganda. Using a prospective treatment and active control group cohort design, we
hypothesized that a year-long biweekly MISC caregiver training program would
significantly enhance the development of these children (motor, cognitive, psychosocial)
compared with controls. This is because African children with HIV show poorer scores in
memory, attention, language skills, visual processing, reasoning and motor skills.(16–18)
The 2nd study aim was to evaluate the impact of the MISC intervention on the emotional
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well-being of the caregivers themselves. Such benefits were qualitatively observed in the
Ethiopia MISC study.(11)

METHOD
IRB approval for this study was obtained by Michigan State University and Makerere
University. Research permission was issued by the Ugandan National Council for Science
and Technology (UNCST). Children in Kayunga town and surrounding districts, Uganda (80
km northeast of Kampala) were referred to our study by Childhealth Advocacy International
(CAI) of Uganda. CAI was a non-government organization (NGO) providing monthly
home-based medical care to children with HIV in Kayunga district.(19) We selected this
study site because of the opportunity to collaborate with CAI. After consent, 120 caregiver/
child dyads were randomly assigned to either biweekly MISC training intervention or a
health and nutrition educational curriculum (active control group).

The 60 children given MISC ranged from 16 months to 5 years of age at enrollment (M =
3.8 yrs, SD = 1.2; 58% male) as did the control children (M = 3.5 yrs, SD = 1.4; 51.7 %
male). At the time of the study the Uganda Ministry of Health followed the 2006 WHO
guidelines (CD4% < 20, < 750 mm3 for children 12 to 36 months) for determining when to
initiate highly active anti-retroviral therapy (HAART) in children with HIV. The Walter
Reed Project in Kayunga district managed the clinical care of children with HIV in Kayunga
through United States President’s Emergency Plan for AIDS Relief (PEPFAR) support.
One-half of the children given MISC and 57.8 % of the control children were on HAART
treatment during the intervention year (Trimune: d4T/3TC/Nevirapine). CD4 and CD8
activation measures in Table I are presented as percentages of CD38, HLA-DR. Biweekly
training sessions with both groups of caregivers were an hour long and alternated between
home (so trainer could observe and direct caregiver/child interactions) and study office
(where videotapes of interactions were used).

Children were included in the study if they had HIV at age 16 months to 5 years, born to a
mother with confirmed HIV.

Children were excluded from the study if they had a medical history of serious birth
complications, severe malnutrition, bacterial meningitis, encephalitis, cerebral malaria, or
other known brain injury or disorder requiring hospitalization and which could overshadow
the developmental benefits of MISC. Children enrolled in school during the training year
were excluded because caregivers with children still at home would benefit most from
caregiver MISC training.

Prior to and during the study, our MISC consultants (PK, CS, DG) did several week-long
workshops with our Ugandan field team on how to train caregivers in the MISC program.
The program director for the Uganda Community Based Organization for Child Welfare
(UCOBAC; http://ucobac.org/cms/) trained a separate field team for training the control-
group caregivers in a health/nutrition educational program. UCOBAC had implemented this
curriculum in impoverished households in 17 other rural Ugandan districts.

The MISC consultants also taught the field team how to videotape 5 minute segments of the
caregiver bathing the child, feeding the child, and working with the child. These 15-min
recordings were made for the MISC intervention dyads in the home at the start of the year-
long training and thereafter every three months. The tapes were played back to the
caregivers by the field trainers and used as part of the MISC training during each biweekly
session. The video recordings at baseline, 6 months, and 1 year were scored by an
independent observer at a separate study site, using the Observing Mediated Interactions
(OMI) rubric developed by Dr Klein.(4, 5, 10, 15) OMI scoring of 15 minute video tapes
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were scored for the total number of focusing, exciting, expanding, encouraging, and
regulating MISC-type caregiver/child interactions. This measure helped document fidelity of
training and served as one of our training outcomes. Similar recordings were also scored for
the control group, but not used in their biweekly training.

At baseline, 6 months, and one year a home visitor independently administered the toddler
version of the Caldwell Home Observation for Measurement of the Environment (HOME)
scale.(20) We wanted a measure of caregiving quality that was independent of the OMI, and
we have previously adapted the HOME in the Ugandan context and it has proven sensitive
to cognitive outcomes in children.(21) We also included an SES measure based on dwelling
(e.g., roofing and flooring composition, number in household, water source, toilet facilities,
and cooking facilities) and material possessions (e.g., farm animals, bicycle, radio,
furnishings, and appliances).

Developmental Outcomes
At baseline, six months, and 1 year testers blinded to the intervention group assessed study
children with the Mullen Early Learning Scales (MELS) in a private quiet setting at our
study office. Testing was done in the local language of Luganda. The MELS has scales in
motor, language, and overall cognitive skills development. The MELS has excellent
correspondence validity with the Bayley Scales of Infant Development, yet is designed to be
easier to implement in cross-cultural settings.(22) The MELS had been previously adapted
for use with children with HIV in rural Uganda, and had proven sensitive to the
developmental benefits of early initiation of anti-retroviral treatment and quality of home
environment (ART).(23)

Children were also assessed with the Color-Object Association Test (COAT) for memory.
This is an experimental test that uses the placement of small toys inside of small colored
boxes to test visual memory, and is not dependent on a given language competency.(24) It
was chosen to assess immediate memory for objects and a total memory score (that includes
delayed recall).

Although the child was undergoing developmental assessment, the principal caregiver was
interviewed in Luganda with the Achenbach Child Behavior Checklist (CBCL) for younger
children (1.5 to 5 yrs).(25, 26) The CBCL is a psychiatric screening for internalizing
symptoms (emotional), externalizing symptoms (behavioral), and total symptoms that has
been previously validated in the Uganda setting following translation and back-translation.
(27)

Anthropometric and immunology measurements
At enrollment the child’s height, weight, and mid-upper arm circumference were measured.
Blood draws were also taken for CD4 and CD8 percent and activation measures along with
viral load. These were performed at the Makerere University – Walter Reed laboratory at
Mulago Hospital in Kampala. HAART treatment status for the study children was also noted
from the Walter Reed Project HIV clinic at Kayunga District Hospital.

Hopkins Symptom Checklist (HSCL)
The HSCL is a 25-item scale previously used to assess depression and anxiety among adults
in HIV-affected Ugandan communities.(28) This questionnaire was given to the caregiver in
Luganda during the home evaluation visit at 6 and 12 months, providing an emotional
wellbeing outcome for comparing the MISC and control caregivers.
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Statistical Analyses
We used a repeated-measure (baseline, 6, and 12 mos.) ANCOVA (RM-ANCOVA) in SPSS
to evaluate MELS developmental and COAT memory outcomes in comparing the MISC and
control children. In this analysis, the group (MISC, Control) by time (baseline, 6, and 12
mos.) interaction indicates a significant outcome difference between the two interventions.
The group-by-time effects were adjusted for age, sex, physical development (standardized
anthropometric measures using Epi Info 2010 WHO norms), caregiver category (mother,
grandmother, other), HAART treatment status, and SES. Some of the models are additive
and some have one interaction if an interaction effect was significant. RM-ANCOVA was
also used with quality of caregiving outcomes (HOME, OMI video scores). A two-factor
additive ANOVA (MISC and Control group, caregiver category) was used to compare
caregivers on HSCL depression and anxiety scores at 6 and 12 months, because these
caregiver measures were not available at baseline in this study.

RESULTS
For those caregivers completing the entire year of training, thirty-two of the 55 MISC
caregivers were the biological mother (56 %), 16 were the grandmother (29 %), and the
remaining 8 (14.5%) were the father, aunt, step mother, or older sibling (Table I for baseline
demographics). Twenty-seven of the 45 control caregivers were the mother (60%), 10 were
the grandmother (22%), and 8 were “others” (18%) (Chi Square (2) = 1.81, P = 0.41). At
baseline, the control children had higher viral loads (t (117) = 1.53, P = 0.05).

Two of the 60 children given MISC and 10 of the 60 control children died from
opportunistic infections. This represented a significant relationship between mortality and
treatment group (P = 0.01). Two of the 60 MISC caregivers withdrew from the study, and 5
of the control-group children were lost to the study due to re-location of caregivers. The
overall proportion of control caregiver/child dyads lost to intervention and follow-up during
the year was significantly greater than for the MISC dyads (Table I; Chi Square (1) = 7.82, P
= 0.006).

In the RM-ANCOVA analysis for the MELS scale measures, the children given MISC were
higher as a group overall on all the MELS measures (Figures 1 and 2 and Table II; available
at www.jpeds.com)). However, the children given MISC showed greater gains than controls
over time (group-by-time) only on the MELS Visual Reception scale (F (2) = 4.40, P =
0.014, observed power = 0.753); and the unadjusted effect for the composite score
(combining the cognitive scales of Visual Reception, Fine Motor, Receptive Language, and
Expressive Language) (F (2) = 3.39, P = 0.07, observed power = 0.44). The MELS
composite score group-by-time effect was not significant for the adjusted F value (Table II).

In the RM-ANCOVA analysis for the COAT memory measures, there was a significant
group-by-time effect for immediate recall (Figure 3; available at www.jpeds.com) (memory;
F (1) = 3.82, P = 0.024, observed power = 0.69). However, there was not a significant
group-by-time effect for COAT total memory (F (1) = 2.31, P = 0.103, observed power =
0.46) (Table III).

In terms of our covariates, children receiving HAART were significantly below those not
receiving HAART on a number of developmental outcomes, but significantly so only on
MELS Gross Motor development (F (1) = 4.45, P = 0.038, observed power = 0.55). Weight-
for-Age z scores (WAZ) was significantly predictive of all MELS scale measures (Table II;
WAZ, P < 0.001). Children being cared for by the grandmother or other relatives tended to
have higher Mullen developmental outcomes on Visual reception (P = 0.019) and on the
Composite score (P = 0.043) than those being cared for by the biological mother (Table II;
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Caregiver Category covariate). Likewise, the COAT memory outcomes for MISC compared
with controls were higher for children being cared for by grandmothers and other relatives,
compared with those being cared for by the biological mother (P = 0.018; Table III,
Caregiver by Group).

In the RM-ANCOVA analysis for Caldwell HOME and OMI total (video scoring) quality of
caregiving total scores, the group-by-time effect was highly significant for both (HOME F
(1) = 2.17, P = 0.029, observed power = 0.44; OMI F (1) = 44.87, P < 0.001, observed
power = > 0.99) (Table IV and Figure 4; Figure 4 available at www.jpeds.com). Neither the
group-by-time or group main effects were significant for the Achenbach CBCL
internalizing, externalizing, or total psychiatric symptoms (Table V; available at
www.jpeds.com).

The MISC caregivers were significantly less depressed on the HSCL at 6 months than the
control caregivers, irrespective of caregiver category (mother, grandmother, other) (F (1) =
6.14, P = 0.019, observed power = 0.69). Although at 12 months MISC caregivers were still
less depressed than control caregivers, the difference was not significant (P = 0.30). MISC
and Control caregivers did not differ on the HSCL anxiety measure at 12 months. It should
be noted that the home visitors administering the HSCL questionnaire were not blinded to
the intervention group for these caregivers.

Caregiver category (mother, grandmother, other) was significant for the Mullen Visual
Reception scale (P = 0.019) and the Mullen Composite Total outcomes (P = 0.043; Table II).
Across all three assessments (baseline, 6 months, 1 year), children of the grandmothers and
mothers did better than those of the “other” category caregivers. Grandmothers and mothers
also had higher HOME scores overall (P = 0.051; Table IV), and their children had a lower
number of Achenbach CBCL internalizing symptoms (P = 0.039; Table V). The caregiver
category by intervention group (MISC, control) interaction effect was not significant,
suggesting that the outcome differences between training groups (MISC, control) did not
vary significantly by caregiver category. That is why this interaction effect (Group by
caregiver Category) was not included in Tables II–V.

Likewise, there were no significant interaction effects between age of the child and training
group (MISC, control) for any of the developmental or caregiving quality outcomes. One
sex-by-training group interaction effect, Mullen Gross Motor development, was significant
(Table II). MISC boys improving more than did the girls, with no sex difference for the
control children (P = 0.028).

DISCUSSION
MISC significantly improved cognitive developmental outcomes in visual-spatial memory
and learning compared with controls. In a similar study children exposed to HIV (not
infected) of mothers with HIV, a year-long biweekly MISC training program for caregivers
also showed significantly greater improvements in overall cognitive and learning
performance compared wth controls.(29) However, in contrast to the present findings, we
also documented significantly greater Mullen receptive and expressive language scale
performance for the children given MISC (29).

The lack of significant language-scale differences between the MISC and control group in
the present study may be because of differences in the child/caregiver dyads compared with
our study with children exposed to HIV (29). With the HIV-exposed dyads, over 90% of the
caregivers were the biological mothers. In the present study just over half of the MISC
caregivers were the biological mothers. Also, the children exposed to HIV averaged about a
year in age younger than the children given MISC in the present study (2.8 yrs versus 3.8
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yrs), and varied much less in terms of the age range. MISC may prove more effective in
enhancing language development when the mother is trained and is caring for younger
children during more sensitive periods of language formation (1.5 to 3 yrs of age).
Unfortunately, the present study was limited in terms of the sample size needed to
adequately evaluate the statistical relationship between age of the child and comparative
impact of MISC versus control training, especially with the mother as principal caregiver.
The range of ages was greater in the present study (1 to 5 yrs) encompassing children at
various stages of neurocognitive development. The number of children distributed across
this age range was not large enough to detect statistically an optimal age for maximum
MISC developmental benefit.

The benefit of less reported depression for the MISC caregivers also is noteworthy, given
that the mothers in this study had HIV. However, the fact that both MISC and control
caregivers were significantly less depressed at one year following baseline suggests that the
social support provided through both training interventions were beneficial in this regard.
The improved mortality for MISC children compared with control children also is important.
MISC is designed to sensitize caregivers to the needs of their children with HIV in general,
perhaps strengthening maternal/child attachment which can be weakened for these Ugandan
HIV dyads.(30) Ultimately, this can lead to timelier seeking of medical care when an HIV
child is ill, or treatment adherence with the child’s ART medications.

The relationship between nutritional wellbeing as measured by physical development, and
the Mullen and COAT developmental outcomes for our study children were evident in this
study (relationship between the covariate of weight-for-age and the Mullen scale scores in
Table II and COAT total recall score in Table III). Nutritional intervention was not a part of
the present study design, only educational training of the caregivers. However, it is an
important consideration in caregiving quality for the developmental enhancement of
children with HIV in low-resource settings. In rural areas of sub-Sahara Africa, the family
must rely upon labor-intensive subsistence agriculture to provide for the nutritional needs of
the family. Because of this, maternal HIV disease can severely disrupt the nurturing capacity
of the mother for her children, and the food security for the entire family.(31–33)

Chronic nutritional hardship can severely undermine early childhood development,(34–36)
and weight-for-age is perhaps the single most powerful predictor of developmental
outcomes in African children with HIV.(37, 38) This would be the case even in the present
study even among those dyads where the biological mother was not trained as the principal
caregiver. This is because the biological mother was responsible for the nutritional needs of
the child during gestation and birth, and following birth up until the mother was replaced by
the grandmother or other family member as the child’s principal caregiver.

The children in the present study had HIV, and a number of these children died or were lost
to training and follow-up during the training year, especially in the control group. The
differential mortality between MISC and control groups could have diminished the statistical
power needed to detect differences in developmental outcome benefits favoring the children
given MISC over the course of the year.

Also, over one-half of the study children were initiated on HAART treatment before or
during the study year. HAART treatment was initiated when children had a low enough CD4
count and other evidence of significant immune-deficiency related illness. Clinical
instability from HIV disease could have overshadowed differences in developmental gains
between children in the MISC and control groups. Likewise, the very strong relationship
between weight-for-age z scores and the developmental outcomes (Tables II and III)
suggests that nutritional need in the present sample of children also could have
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overshadowed differences in developmental gains between children in the MISC and control
groups.

Children under 5 years of age are in a sensitive period of development where they should
sustain a dynamic capacity to benefit from new learning experiences. There is a general
consensus from developmental research that adult-child interactions are of central
importance in this process.(39) Farah et al observed a relationship between parental
nurturance and memory development (30). This relationship was consistent with the animal
literature on maternal buffering of stress hormone effects on hippocampal development.(40)

Rao et al observed that parental nurturance at age 4 years predicts the volume of the left
hippocampus in adolescence, with warmer and more loving nurturance associated with
smaller hippocampal volume (41). However, the association between parental nurturance
and hippocampal volume disappears at 8 years of age. They concluded that this supports the
existence of a sensitive developmental period for brain maturation, especially around 4 years
of age.(41) This was the average age of our study children, and the strongest MISC benefits
for the present study children were in the developmental domains of memory (Mullen Visual
Reception and COAT immediate recall) and learning (Mullen Composite total). The
caregiver provides for secure emotional attachments in a nurturing environment, creating
learning experiences that allows a child’s neurocognitive ability to blossom.(13, 42)
Effective mediational behaviors by caregivers were found to be significantly related to
children’s social-emotional stability and the willingness to explore and learn about the world
around them.(12, 13) This premise is foundational to the MISC method.

Our caregiver training intervention is evidence-based and family-oriented and has been
specifically adapted for use in low resource settings. Our intervention is designed to enhance
both emotional and cognitive development in at-risk children. We also documented the
psychotherapeutic value of our intervention for the caregiver. MISC provided a mental
health benefit for women affected by HIV in low-resource settings. We also demonstrated
that MISC was both feasible and acceptable to the local Ugandan population.(43) As it
enhances awareness of the child’s emotional and cognitive needs, medical caregiving for
children with HIV may also be enhanced with improved survival for children given MISC.
MISC does not rely on outside resources or materials and can be implemented with most
children in a variety of contexts where caregiver/child interactions naturally take place.

We have demonstrated that this program can be implemented in the field setting by non-
professionals for relatively low cost and still be effective. This is good for future
dissemination and sustainability in low- and middle-income countries affected by HIV.
MISC is a culture-appropriate and sustainable intervention that can be effectively
implemented in low-resource settings with children generally at risk from disease,
malnutrition, or neglect. The cultural emphasis on the nurturing of children is a good fit for
the MISC, which is a method for sensitizing mothers to the positive aspects of their current
childrearing interactions. Similarly to the studies by Klein et al,(4) we conclude that the
principles of MISC can be understood by Ugandan caregivers in HIV-affected households,
and incorporated into their own childrearing approach.(10, 11)
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Figure 1.
Adjusted group mean score across the three time points (baseline, 6 months, 1 yr for the
MISC (black, solid line) and control (green, dash line) caregiver training intervention
groups. The means are adjusted according to the RM-ANCOVA model presented in Table
II. The group (MISC, control) by assessment (baseline, 6 month, 1 year) adjusted mean plots
are presented for the four Mullen cognitive scales (Fine Motor, Visual Reception,
Expressive Language, Receptive Language).
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Figure 2.
Adjusted group mean score across the three time points (baseline, 6 months, 1 yr for the
MISC (black, solid line) and control (green, dash line) caregiver training intervention
groups. The means are adjusted according to the RM-ANCOVA model presented in Table
II. The group (MISC, control) by assessment (baseline, 6 month, 1 year) adjusted mean plots
are presented for the Mullen Composite Total score for the four cognitive scales (Fine
Motor, Visual Reception, Expressive Language, Receptive Language).
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Figure 3.
Adjusted group mean score across the three time points (baseline, 6 months, 1 year) for the
MISC (black, solid line) and Control (green, dash line) caregiver training intervention
groups. The means are adjusted according to the RM-ANCOVA model presented in Table
III. Both Color-Object Association Test (COAT) scores are presented: Immediate Recall
(memory) and Total Recall (learning).
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Figure 4.
Adjusted group mean score across the three time points (baseline, 6 months, 1 year) for the
MISC (black/blue, solid line) and Control (green, dash line) caregiver training intervention
groups. The means are adjusted according to the RM-ANCOVA model presented in Table
IV. Both quality-of-caregiving outcome measures are presented: Caldwell Home
Observation for Measurement of the Environment (HOME) total; and Observed Mediated
Interactions (OMI) total score from the 15 minute video evaluation of the caregiver feeding,
bathing, and working with the child.
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Table 1

Baseline mean (M) and standard deviation (SD) measures at enrollment (baseline) with corresponding
between-group difference P value for the two intervention groups: mediational intervention for sensitizing
caregivers (MISC) training and the UCOBAC health/nutrition education curriculum (Control) intervention.

Descriptive Measures

MISC (N = 60) Control (N = 60) P value

M (SD) M (SD)

Child Age, yrs 3.8 (1.2) 3.5 (1.4) 0.261

Child sex -male, n (%) 34 (56.7%) 31 (51.7%) 0.512

Primary Caregiver –biological mother, n (%) 32 (53.3%) 39 (65.0%) 0.412

Percentage on HAART treatment 30 (50.0%) 34 (56.7%) 0.442

CD4% 37.5 (12.5) 34.4 (14.90) 0.26

Log plasma HIV RNA level, copies/mL 8.5 (4.4) 10.1 (3.4) 0.05

CD4/CD38 HLA-DR percent activation 9.3 (5.3) 11.5 (11.1) 0.19

CD8/CD38 HLA-DR percent activation 22.8 (13.4) 23.4 (12.3) 0.83

Child weight, kgs 12.8 (2.95) 12.1 (3.12) 0.21

Child height, cm 92.2 (9.80) 88.2 (10.11) 0.04

Child mid-upper-arm circumference, cm 15.5 (2.74) 15.2 (1.58) 0.32

Child weight-for-age Z# −2.19 (2.12) −2.21 (1.66) 0.93

Socio-economic status (material possessions) 3.4 (2.80) 3.1 (1.90) 0.08

Caldwell HOME total score 20.3 (2.61) 19.3 (2.90) 0.05

Gross Motor T scorea 32.8 (11.56) 29.7 (10.33) 0.44

Fine Motor T scorea 32.4 (13.44) 33.1 (12.11) 0.79

Visual Reception T scorea 30.7 (11.91) 29.5 (11.51) 0.60

Receptive Language T scorea 36.6 (11.25) 33.7 (11.57) 0.19

Expressive Language T scorea 39.8 (16.27) 35.2 (13.12) 0.09

MELS Composite Standard scorea 72.6 (20.31) 69.3 (16.52) 0.33

COAT Immediate Memory raw scoreb 3.8 (3.29) 3.6 (3.62) 0.72

COAT Total Memory raw scoreb 8.0 (7.59) 6.7 (8.30) 0.38

CBCL Internalising problems T scorec 63.0 (9.79) 64.5 (9.21) 0.39

CBCL Externalising problems T scorec 53.8 (7.42) 55.0 (7.64) 0.38

CBCL Total Problems T scorec 59.1 (7.74) 62.5 (9.36) 0.03

HSCL-25 Depression raw scored 11.5 (7.10) 13.8 (8.60) 0.30

HSCL-25 Anxiety raw scored 7.8 (6.00) 7.7 (6.50) 0.95

#
Using CDC 2000 norms (Epi Info)

a
Mullen Early Learning Scale (MELS) T values (adjusted for age and gender using American norms)

b
Color-Object Association Test (COAT)

c
Achenbach Child Behavior Checklist (CBCL) parent form for children 1.5 to 5 yrs T scores (adjusted for age and gender using Cross-Cultural

Group 2 norms)
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d
Hopkins Symptoms Checklist 25-item (HSCL-25) scale for caregiver depression and anxiety

1
all P values are based on Student t test for two independent samples, unless otherwise noted.

2
P value based on Chi-square test for categorical relationships.
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Table 3

Effect of caregiver training program on Object Memory Global Outcome Measures,

Color-Object Association Test Immediate Recall Total Recall

Factor or Covariate Measure Unadjusted One-Interaction Unadjusted One-Interaction

Group-by-time .213 .024* .504 .103

Group Main Effect .710 .200 .590 .073

Caregiver Category 586 .961

On HAART or Not .585 .767

Age .001# .001# .001# .001#

Caldwell HOME total .821 .877

SES Total .162 .025

Weight-for-Age Z .124 .015*

HSCL-25 Caregiver Depression 6 months .694 .631

Sex .505 .442

Group by Caregiver .092 .018*

*
P < .05,

**
P < .01,

#
P < .001

From a repeated-measure (baseline, 6 months, 1 year) analysis of covariance (RM-ANCOVA) was used. For both Color-Object Association Test
(COAT) measures (Immediate Recall and Total Recall), the raw score was used in the analysis. Results are presented for the unadjusted model
(Unadjusted) and the RM-ANCOVA model with one significant interaction (One-Interaction). The ANCOVA adjusted P values are presented for
the between-group factor (Group: MISC and Control) and Group-by-time (baseline, 6 months, 1 year). Covariates in the model are caregiver
category (mother, grandmother, other), HAART status (On HAART or not), age at baseline, Caldwell HOME scale score at baseline, SES total at
baseline, weight-for-age Z score (WHO 2010 norms), Hopkins Symptoms Checklist 25-item scale (HSCL-25) depression score for the caregiver at
6 months and sex.
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