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oBJecTIVES: Nutrition and stimulation interventions promote early childhood development, but
little is known about their long-term benefits in low- and middle-income countries. We con-
ducted a follow-up study of a cluster-randomized maternal education trial performed in chil-
dren aged 6 to 8 months to assess the sustainability of developmental benefits after 8 years.

MEeTHODS: The education intervention lasted 6 months and consisted of nutrition, hygiene, sanita-
tion, and child stimulation aspects. We assessed child processing and cognitive abilities using
the Kaufman Assessment Battery for Children Second Edition (KABC-II) and attention and in-
hibitory control using the Test of Variables of Attention after 8 years. The original trial included
511 mother-child pairs (intervention, n = 263; control, n = 248), whereas in the current study,
361 (71%; intervention, n = 185; control, n = 176) pairs were available for analyses.

ResuLts: The intervention group scored higher than the controls (all P < .001) on all 5 KABC-II
subscales and on the KABC-II global score (mean difference: 14; 95% confidence interval,
12-16; P < .001). For all 5 Test of Variables of Attention variables, the intervention group
scored higher than the controls on both the visual and auditory tasks (all P < .05). Because
the intervention was delivered as a package, a limitation is that we cannot pinpoint the indi-
vidual contribution of each component (nutrition, hygiene, and stimulation) to the develop-
mental benefits.

concLusions: The intervention group consistently scored markedly higher on both neuropsycho-
logical tests. Thus, even 8 years after the original maternal education intervention, the devel-
opmental benefits that we observed at child age of 1, 2, and 3 years, were sustained.
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Progress of any society is highly dependent on its human
resources and therefore appropriate attention given to
development of children at an early age is vital for a fu-
ture productive generation.l'2 Strategies to ensure that
every child thrives and attains full developmental poten-
tials, are in line with the United Nations’ Sustainable De-
velopment Goals, in particular Sustainable Development
Goal 3: “Good health and well-being.”** Development in-
cludes progressive changes in the functioning capacity of
emotional, physical, mental, and social skills.> Adequate
nutrition, hygiene, and stimulation, especially from con-
ception and throughout the first 2 years of life, are criti-
cal for good development and health in later life.° The
biological and psychological changes that occur during
these early years of life comprise rapid development of
brain structures, volumes, neuronal connectivity, myeli-
nation as well as language, cognitive, social-emotional,
and motor skills.”

Nutrition plays a crucial role in brain development, and
any nutritional deficiencies during the first years of life can
result in delayed and impaired neurodevelopment.® In par-
ticular, the need for sufficient nutrient supply has been
linked to the development of executive functions,’ a term
used to describe the ability to consciously control thoughts,
actions, and emotions to achieve goals.10 The 3 core dimen-
sions of executive functions are inhibitory control, working
memory, and cognitive flexibility.'® Therefore, optimal nu-
trition during infancy and childhood to facilitate healthy
neurologic and cognitive development is crucial. In addi-
tion, the importance of stimulation from both the care-
givers/parents and the child’s environment has become
evident.'? Thus, a combination of nutritional support and
stimulation interventions during early life is key to promote
early childhood development.*?

Despite this knowledge, poverty and undernutrition,
especially stunting (reduced height-for-age, a marker for
chronic undernutrition), have left millions of children in
low- and middle-income countries (LMICs) unable to at-
tain their full development potential.® For example,
Uganda faces high rates of childhood undernutrition with
nearly one third of its children younger than age 5 years
stunted.'*

Research shows that parenting interventions, including
child nutritional support and stimulation in the first
years of life, promote early childhood development.'>~*”
Although such interventions are beneficial in the early
stages of life, their long-term outcomes are not well un-
derstood, particularly in LMICs.'8

In 2013-2014, we conducted the Child Nutrition and De-
velopment (CHNUDEV) study, a 2-armed, cluster-random-
ized controlled trial (RCT) among children aged 6 to 8
months in rural Uganda.'® We examined child stunting and
development outcomes after a 6-month maternal educa-
tion intervention focusing on nutrition, hygiene, sanitation,
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and child stimulation. Whereas the prevalence of stunting
remained fairly constant until school start (children aged
6 years),’>?! concurrent stunting and overweight was sig-
nificantly reduced in the intervention group compared
with the controls.?*

Notably, follow-up studies of the CHNUDEV cohort at
child ages of 1 (n = 467), 2 (n = 467), and 3 (n = 155)
years demonstrated that the maternal education inter-
vention promoted and maintained development domains
in cognitive, language, and motor skills.?** The aim of
the current follow-up study was to assess whether these
positive effects on child development were sustained at
age 8 years (ie, after commencing education in primary
school).

METHODS

Approvals

The CHNUDEV study was approved by the Uganda Na-
tional Council for Science (no. HS1809), Makerere Uni-
versity School of Public Health, Higher Degrees Research
and Ethics Committee (no. IRB 000353), and the Norwegian
Regional Committee for Medical and Health Research Ethics
(no. 2013/1833).

Study Area and Participants

Mothers and their infants aged 6 to 8 months’ old were
recruited to the original RCT between October 2013 and
February 2014 in the rural districts of greater Kabale
and Kisoro in Southwestern Uganda (Supplemental Infor-
mation; Supplemental Fig 5). Children who had physical
or congenital malformations that would affect food in-
take, growth, mental, or brain function as evidenced by
mother or health worker were excluded.

Sample size calculation, enrollment, and randomization
of the study participants in the original RCT has been de-
tailed in the Supplemental Information and elsewhere.?°
Briefly, simple random sampling was performed to allo-
cate 10 subcounties (clusters) in the 2 districts (6 from
Kabale and 4 from Kisoro) to either the intervention or
control group. All villages in each subcounty (interven-
tion or control) were listed alphabetically and computer-
generated random numbers were then used to obtain the
villages; finally, complete enumeration was used to ob-
tain participating households. The youngest eligible child
was selected from each household and for twins, 1 of the
2 was selected by simple random sampling.

Intervention in the Original RCT

The intervention consisted of an education package con-
taining information on nutrition, hygiene, sanitation, and
child stimulation delivered to groups of mothers by
trained personnel. Details are given in the Supplemental
Information and by Muhoozi et al.?° Briefly, behavioral
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change communication techniques were used to deliver
the messages and demonstrations on the guiding princi-
ples of complementary feeding, food preparation, good
hygiene practices, and child stimulation. Graduate nutri-
tionists and a psychologist trained in the education pack-
age delivered the intervention and were supervised by
the principal investigators. Each group of mothers had a
leader who, in most cases, would be a member of the vil-
lage health team. This team leader was responsible for
following up the group members and encouraging them
to put the educational messages into practice. The inter-
vention was delivered on a monthly basis for 6 months
followed by booster sessions. As detailed in the Supple-
mental Information, the booster sessions were conducted
to keep reminding mothers about the intervention mes-
sages. The sessions were delivered on a 3-monthly basis,
each lasting about 6 hours and given until the children
were 3 years of age. The control group received routine
health care (nutritional assessment, deworming, immuni-
zation, and vitamin A supplementation).

Assessment of Qutcomes

Trained bachelor’s degree graduates in psychology blinded
to group allocation, assessed the child development out-
comes, from January to July 2022. This assessment team
was not part of the previous data collection teams. The
age-appropriate Kaufman Assessment Battery for Children
Second Edition (KABC-II) and the Test of Variables of At-
tention (TOVA) were used. For every child, these 2 neuro-
psychological tests were administered on 2 separate days,
with KABC-II done first because it is more extensive than
TOVA.

The Kaufman Assessment Battery for Children

KABC-II is an individually administered test of cognitive
and processing capabilities for individuals aged 3 to 18
years.?* The test comprehensively assesses cognitive
ability and has previously been validated in a Ugandan
setting similar to our study area.’® KABC-II is organized
in a number of subtests on which children are assessed
and scored, higher score means better performance. The
subtest raw scores are then grouped into 5 scales: (1) se-
quential, (2) simultaneous, (3) learning, (4) planning, and
(5) knowledge. Our assessments were based on the Cat-
tell-Horn-Carroll model of KABC-II which combines all
the 5 scales into a global scale (Fluid-Crystallized Index
[FCI]).?* The Cattell-Horn-Carroll model terms the 5
scales as: (1) Short-Term memory, (2) Visual processing,
(3) Long-Term Storage and Retrieval, (4) Fluid Reason-
ing, and (5) Crystallized Ability (Supplemental Table 5).
The scores from the FCI were used to group the children
into 5 different categories: upper extreme (scores 131 or
higher), above average (scores 116-130), average (scores
85-115), below average scores (70-84), and lower
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extreme (scores 69 or below).?* Further details are given
in the Supplemental Information.

Test of Variables of Attention

We used the computerized TOVA visual and auditory con-
tinuous performance test to measure attention and impulse
control processes in four areas: (1) response time variabil-
ity, (2) response time, (3) impulse control (commission er-
rors), and (4) inattention (omission errors). Each of the
visual and auditory tests (Supplemental Information) lasted
22 minutes for each child. During the test, responses to vi-
sual or auditory stimuli were recorded by the TOVA device
(software version 9.1). Whereas this device generates a
number of response parameters and variables, z-scores
were considered for this study.”® The z-scores are gener-
ated by comparing individual performances with a norma-
tive sample (individuals with no attention deficits) by age
and gender and presented on 5 variables including:
(1) Omission Errors, the sum of incorrect nonresponses
to the target stimulus divided by the total number of
target stimuli presented; (2) Commission Errors, the
sum of incorrect responses to the nontarget stimuli di-
vided by the number of presented nontarget stimuli;
(3) Response Time Variability, estimates the time differ-
ences for accurate (correct) responses registered by the
child. It measures how consistent the child’s speed is in
responding correctly, the slower the child responds, the
higher the variability is; (4) Mean Response Time, the av-
erage amount of time a child takes to make correct re-
sponses from when target stimuli are presented. It is
derived from the sum of correct response time divided by
the number of target stimuli presented, and (5) the calcu-
lated “D prime.” Interpreted as a measure of “perceptual
sensitivity,” the D prime denotes the ratio of correct re-
sponse rate to a “false alarm” rate. It highlights how accu-
rate the child is in differentiating target and nontarget
stimuli. Further details are given in the Supplemental In-
formation. Results from the TOVA sessions are presented
in 4 quarters (5.4 minutes), 2 halved sessions (10.8 mi-
nutes), and the total session (22 minutes) for each of the
5 variables.?*?” We used the total session scores in our
analysis. Each child was first given about 3 minutes of
practice for each of the visual and auditory tasks to help
them get familiar with the test and understand the target
and nontarget stimuli. The TOVA test has been used in
similar settings as a reliable assessment of attention and
identification of attention deficits.*®*°

Study Sample Size Calculation

The original RCT was powered at 80%, with an « of 0.05
to detect changes in continuous height-for-age z scores.*°
The current follow-up study used the intention-to-treat
approach where all children assessed were included in
the analysis; hence, no new sample size was estimated.
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Statistical Analysis

Statistical analyses were conducted using Stata version
17.0 (StataCorp, College Station, TX). Statistical signifi-
cance was assessed using a 2-tailed P < .05 and cluster-
adjusted 95% confidence interval (CI). Because approxi-
mately one third of the children recruited in the original
RCT were not assessed in the current follow-up study,
we present baseline characteristics (ie, when the children
were aged 6-8 months) for both the original RCT cohort
and for the current follow-up cohort to show that the lat-
ter cohort was quite similar to the original RCT cohort.
Moreover, to examine if the baseline characteristics of
the 2 study groups (intervention and control) were well
balanced in the follow-up study cohort, we calculated
cluster-adjusted P values.

The KABC-II standard scores (short-term memory, visual
processing, long-term storage and retrieval, fluid reasoning,
and crystallized ability) were not normally distributed and
therefore medians and interquartile ranges are reported.
Cluster-adjusted absolute differences between the 2 study
groups are reported and P values calculated as outlined
previously. The means and standard deviation of both audi-
tory and visual TOVA z-scores are presented because they
are standardized scores with a normal distribution. Cluster-
adjusted t tests were used to calculate mean differences in
both auditory and visual TOVA z-scores and P values com-
paring the 2 study groups were from a multilevel mixed ef-
fect linear regression model explicitly accounting for the
cluster as a random effect. The P values for the KABC-II
standard scores and TOVA z-scores are adjusted for false
discovery rate using the Benjamini-Hochberg method.*°

RESULTS

Baseline Characteristics of the Study Participants

In the original RCT, we enrolled 511 children aged 6 to 8
months (intervention, 263; control, 248). In the current fol-
low-up study, 361/511 (71%) children (intervention, 185/
361, 51%; and control, 176/361, 49%) were available for
analyses (Fig 1). The attrition overall was 150/511 (29%)
and not significantly different (P = .53) between the inter-
vention 87/263 (33%) and control 72/248 (29%).

Table 1 shows the baseline characteristics by study group
for both the original RCT (n = 511) and the current follow-
up study (n = 361). The child, maternal, and household char-
acteristics were well balanced between the 2 study groups
both in the original RCT?® and in the current follow-up study.
Importantly, at baseline, child growth and development char-
acteristics did not differ significantly between the interven-
tion and control groups in the original RCT or in the current
follow-up study, indicating that adequate randomization at
start of the original RCT was maintained for the current fol-
low-up study. Because of COVID-19 disruptions, children
delayed school enrollment and the majority were in the
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first school year at the time of data collection. There were
no significant age differences between the intervention
and control children.

Child Development Outcomes as Assessed With the
KABC-II Test

All the KABC-II standard scores (short-term memory, visual
processing, long-term storage and retrieval, fluid reasoning
and crystallized ability) were significantly higher among
children randomized to the intervention compared with the
controls (cluster-adjusted P < .001) (Table 2; Supplemental
Fig 6). The FCI global score was 14 (95% CI, 12-16; P <
.001) points higher in the intervention group compared
with the control group, indicating improved cognition and
better processing abilities (Table 2; Fig 2B). The proportion
of children with scores below the average/lower extreme
on the FCI global score, combining the 5 subscales, was sig-
nificantly lower in the intervention (72%) compared with
the control (97%) group by 25 (95% CI, 18-32) (Fig 2A).
With regard to the proportion of children categorized in the
average, above average, or upper extreme groups, we found
no significant differences between the 2 study groups.

Child Development Outcomes as Assessed With the TOVA
Test

For all 5 variables of the TOVA test, children in the inter-
vention group had significantly higher z-scores than the
controls on both the auditory and visual tasks (Table 3;
Supplemental Fig 7). Hence, the intervention children
consistently responded correctly to the target stimuli
faster than the control children. Furthermore, the inter-
vention children made fewer errors in their responses
than the control children. The mean z-score difference
for commission errors shows that the control children
were more impulsive (ie, they were more likely to press
on the micro-switch based on the wrong stimulus [ie,
nontarget]). Similarly, the difference in mean omission
errors z-score implies that control children were less at-
tentive (ie, less likely to press on the micro-switch when
the target stimuli were presented). Moreover, the signifi-
cant D prime z-score difference between the 2 study
groups indicates that the intervention children more ac-
curately discriminated between correct and incorrect
stimuli compared with control children (Fig 3).

DISCUSSION

We report here that an education intervention delivered to
mothers of 6- to 8-month-old children in a low-resource
setting led to sustained child developmental benefits 8
years later. The intervention group performed significantly
better than the control group on 2 independent neuropsy-
chological tests (TOVA and KABC-II). On the KABC-II, the
intervention children had better short-term and long-term
memory abilities; in other words, they were better at
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[ Enrollment ] 512 children aged 6 to 8 months assessed for
eligibility in the original RCT

1 child with a congenital
abnormality excluded

511 children (6-8 months) randomized

[ Allocation J

A 4
263 allocated to the intervention group 248 allocated to the control group
e 18 lost to follow-up e 21 lost to follow-up
e 2 died e 3died
At the end of the 6

months’ intervention (12
to 16 months)

243 available for analysis 224 available for analysis
Follow-up
child age 8 years
e 57 lost to follow-up (42 moved to other e 47 lost to follow-up (moved to other
regions, 15 did not turn up for assessment) regions)
e 1 died (one from a heart disease, another from e 1 died (one from an autoimmune skin
malaria, the third died from unknown cause) disease, three died from unknown causes)
{ Analysis }
Intervention group (n = 185) Control group (n=176)
FIGURE 1

CONSORT flowchart. The flowchart illustrates the inclusion into the original cluster-randomized trial and current follow-up study.

taking in, holding, and using information immediately and compared with control children. Furthermore, the inter-
after some time. Higher visual processing scores indicated vention group had acquired more knowledge and they
that the intervention children had improved ability to use applied better reasoning abilities to solve problems, as
visual patterns to perceive, store, manipulate, and think indicated by the differences in crystalized ability and
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TABLE 1 Characteristics of the Enrolled and Follow-Up Participants
Original RCT Cohort (n = 511) Follow-Up Study Cohort (n = 361)
Intervention (n = 263) Control (n = 248) Intervention Control P
(n = 185) (n = 176)
Baseline
Child characteristics
Child sex
Male 139 (53) 123 (50) 95 (51) 89 (51) 90°
Female 124 (47) 125 (50) 90 (49) 87 (49)
Child age (mo), mean (SD) 7.4 (0.8) 7.3 (0.9) 7.4 (0.9) 7.3 (0.9) 28°
Exclusive breastfeeding
Yes 184 (70) 178 (72) 124 (67) 130 (74) 42°
No 79 (30) 0 (28) 61 (33) 46 (26)
Length-for-age zscore, mean (SD) —1.07 (1.15) —1.21 (1.24) —1.06 (1.20) —1.17 (1.30) 39°
Weight-for-age zscore, mean (SD) —0.63 (1.10) —0.72 (1.13) —0.64 (1.10) —0.70 (1.10) 64°
Weight-for-length zscore, mean (SD) 0.12 (1.21) 0.15 (1.26) 0.10 (1.20) 0.16 (1.30) 78°
Cognitive composite score, median (IQR) 100 (15) 105 (20) 100 (15) 105 (20) 43°
Language composite score, median (IQR) 104 (14) 100 (1 ) 103 (21) 100 (20) 14°
Motor composite score, median (IQR) 105 (14) 104 (15 105 (21) 103 (21) 61°
Maternal characteristics
Maternal age (y), median (IQR) 25 (9) 26 (9) 26 (8) 27 (8) 37°
Maternal education level
None/primary 173 (66) 166 (67) 123 (67) 125 (71) 83°
Lower secondary 64 (24) 62 (25) 47 (25) 39 (22)
Tertiary 26 (10) 20 (8) 15 (8) 12 (7)
Number of biological children
<5 187 (71) 184 (74) 129 (70) 119 (68) 66°
=5 76 (29) 64 (26) 56 (30) 57 (32)
Household characteristics
Household head age (y), median (IQR) 30 (11) 30 (13) 30 (10) 30 (13) A7°
Household head education level
None/primary 132 (71) 143 (81) 132
Secondary/tertiary 53 (29) 33 (19)
Poverty score, median (IQR) 49 (17) 49 (18) 49 (13) 49 (17) 55°
Household member size
-5 members 150 (57) 139 (56) 105 (57) 92 (52) .39°
6-13 members 113 (43) 109 (44) 80 (43) 84 (48)
Current
Age at follow-up, mo 107.2 (0.35) 106.9 (0.25) 48°
Child education
Primary one 140 (76) 139 (79) 63°
Primary two 41 (22) 35 (20)
Primary three 4(2) 2(1)
Values are n (%) unless otherwise stated. All P values (cluster-adjusted) refer to comparisons between the 2 study groups in the follow-up cohort. The anthropometrical zscores
were calculated according to World Health Organization recommendations, whereas the developmental composite scores were assessed using the Bayley Scales of Infant and
Toddler Development Test-lll. IQR, interquartile range; RCT, randomized controlled trial; SD, standard deviation.
2 P values obtained via x? tests.
® P values obtained via t tests.
¢ P values obtained via rank-sum tests.

fluid reasoning scales, respectively. On the TOVA test, The CHNUDEV study was designed as a pragmatic
the intervention children consistently responded faster RCT, applying a low-cost (maternal education interven-
to the target stimuli and made fewer errors in their re- tion in a challenging study area [remote parts of rural
sponses, indicating that they more accurately distin- Uganda]) to improve child growth and development.
guished between correct and incorrect stimuli than the There was no impact on child anthropometrical meas-
control children. ures from end of the original RCT (child approximately
6 KAKWANGIRE et al
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TABLE 2 KABC-Il Scale Scores Between the 2 Study Groups

Intervention (n = 185) [ Control (n = 176) | Difference (n = 361)
KABC-Il Scale Scores Median (IQR) Median (IQR) Mean (95% CI) P FDR Adjusted P
Fluid-Crystallized Index global score 79 (12) 65 (11) 14 (12-16) <.001 .001
Short-term memory 85 (17) 74 (15) 10 (8-13) <.001 .001
Visual processing 93 (16) 72 (17) 20 (17-24) <.001 .001
Long-term storage and retrieval 84 (14) 70 (17) 12 (10-15) <.001 .001
Fluid reasoning 80 (19) 69 (11) 11 (9-14) <.001 .001
Crystallized ability 81 (12) 72 (9) 10 (8-11) <.001 001

dren Second Edition.

The values are median scores with interquartile range (IQR) or means with cluster-adjusted 95% confidence interval (Cl). The P values are from a multilevel model accounting
for the clustering effect. The FDR adjusted P values were adjusted using the Benjamini-Hochberg method. FDR; false discovery rate; KABC-Il, Kaufman Assessment Battery for Chil-

aged 1 year) until school start (child approximately aged
6 years).2%?! However, children in the intervention group
over time consistently scored markedly better on various
development outcomes using the tests of Bayley Scales of
Infant and Toddler Development-III (BSID-III), Ages and
Stages Questionnaire (ASQ), and Mullen Scales of Early
Learning (Fig 4). Specifically, at 2 years of age, the inter-
vention group had higher cognitive, language, and motor
composite development scores than the controls on the
BSID-III as well as higher ASQ scores on communication,
gross motor, fine motor, problem solving, and personal-
social development.?® At 3 years, the intervention group
still scored higher on all BSID-III development outcomes
and the ASQ fine motor scores compared with the con-
trols.”® Notably, using the Mullen Scales of Early Learn-
ing, the fine motor, language, cognitive, and early learning
composite standard scores were significantly higher in
the intervention group at 3 years compared with the
controls.??

Because our intervention did not significantly improve
child stunting,?® it is unlikely that the observed improve-
ment in development among the intervention children
was related to growth itself. It is possible that the stimu-
lation component of the education intervention was
the most important contributor to the sustained child
developmental benefits as interventions focusing only on
nutrition have apparently had minimal effect on child de-
velopmental outcomes,*® but incorporating stimulation and
nurturing aspects to the interventions profoundly promoted
child development3! In support of this, we observed re-
duced self-reported maternal depression symptoms in the
intervention group, and this reduction was associated with
improved child cognitive and language development at 2
and at 3 years of age.>* Based on group dynamics theory,
the mothers may have been empowered by the intervention,
leading to fewer depressive symptoms, and thus improved
parenting skills.

Interventions during early life, including parenting inter-
ventions on child nutritional support and/or stimulation in
the first years of life, have improved early childhood

PEDIATRICS Volume 153, number 4, April 2024

development in various settings.”>™” A 2021 meta-analysis
of RCTs highlighted the benefits of parenting and stimulation
among children younger than age 2 years in LMICs,** thus
providing evidence that combined nutrition and stimulation
interventions can improve early childhood development.
However, the long-term benefits of such interventions have
not been sufficiently explored. In Jamaica, Grantham-McGre-
gor et al used various child developmental tests to assess if
early nutrition supplementation and stimulation interven-
tions given to stunted children aged 9 to 24 months was
still beneficial in children aged 7 to 8 years.>® They found
that stimulation and nutrition supplementation were bene-
ficial to development, but the benefits from nutrition sup-
plementation alone were smaller compared with when the
children were younger.>® Interestingly, when these chil-
dren reached the age of 11 to 12 years, nutrition supple-
mentation had no apparent benefits to child development,
whereas stimulation was still beneficial.>” Notably, the most
recent assessment of this cohort found that the stimulation
aspect still proved to be beneficial when the study partici-
pants reached 31 years of age.*®

It is possible that our results can be explained at
least in part by the fact that the nutrition component of
the education intervention encouraged the mothers to
feed their children a variety of foods from different
food groups, thus enhancing their dietary diversity.
This could have increased the intake of various nu-
trients, especially micronutrients that are linked to
brain development and function, such as iodine.? Nota-
bly, although Uganda does not experience iodine defi-
ciency (probably because of national salt iodization),
we found that the urinary iodine/creatinine ratio (a
marker of iodine uptake) was associated with BSID-III
cognitive development scores, but not growth when the
children were aged 2 years.*® Furthermore, as previ-
ously reported for the CHNUDEV cohort, improved
child dietary diversity at age 6 to 8 months was associ-
ated with better motor skills at age 2 years,*! which is
in line with findings in Nepal*? and China.*?
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FIGURE 2

Child performance on the KABC-Il test. (A) Categorization of child performance as measured with the KABC-Il test. Values above the bars are n (%). (B) Dot
plots comparing FCI global scores between the 2 study groups. Each dot represents the score from 1 child. The horizontal yellow lines in the middle repre-
sent the median scores, whereas the red and green lines represent the corresponding interquartile ranges. FCI, Fluid-Crystallized Index; KABC-II, Kaufman

Assessment Battery for Children Second Edition.

Our results support the notion that early life expo-
sures affect later child developmental outcomes.** The
education intervention given to mothers with children
early in life (6-8 months) led to sustained improvements
in child development even after 8 years. This empha-
sizes the need to intervene early for long-term benefits
for children, in particular those residing in low-resource

8

settings. Our data suggest that interventions directed at
educating mothers regarding the importance of nutri-
tion, hygiene, sanitation, and stimulation are likely to
improve child health and thereby reduce the many
burdens mothers in low-resource settings face every
day. Moreover, because nutritional deficiencies start at
an early stage,*® early interventions are vital to avoid

KAKWANGIRE et al
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TABLE 3 TOVA zScores Among the 2 Study Groups
Intervention (n = 185) Control (n = 176) Difference (n = 361)

TOVA zScores Mean (SD) Mean (SD) Mean (95% CI) P FDR Adjusted P

Auditory variables
Response time variability —0.60 (1.0) —1.23 (1.1) 0.63 (0.18 —1.07) <.001 .0014
Mean response time —0.38 (1.2) —0.81 (1.2) 0.43 (0.10 — 0.75) .001 0014
Commission errors —1.89 (2.0) —2.86 (2.7) 0.97 (0.08 —2.13) .03 034
Omission errors —0.95 (1.5) —2.27 (2.2) 1.32 (0.49 — 2.16) <.001 .0014
D prime —1.27 (0.7 —1.81 (0.8) 0.55 (0.17 — 0.92) <.001 .0014

Visual variables
Response time variability —1.84 (1.8) —2.80 (2.0) 0.95 (0.22 —1.68) .001 0014
Mean response time —1.66 (1.8) —243 (1.7) 0.77 (0.09 — 1.44) .006 .0075
Commission errors —0.53 (1.5) —1.31 (2.1) 0.78 0.03 — 1.54) .01 011
Omission errors —5.51 (8.5) —9.98 (13.2) 4.47 (170 —7.24) <.001 0014
D prime —1.51 (0.6) —1.96 (0.8) 0.45 (0.16 to 0.74) <.001 .0014

All reported means and 95% confidence interval (Cl) differences are cluster-adjusted. The P values are from a multilevel model accounting for the clustering effect. The FDR ad-

justed P values were adjusted using the Benjamini-Hochberg method. FDR, false discovery rate; SD, standard deviation; TOVA, Test of Variables of Attention.

negative trajectories of child development. However,
we recognize that vulnerable children who miss inter-
ventions early in life could later benefit from school-
age interventions regarding their nutritional health
and development.*®*”

Our study has a number of strengths. The design of
the original pragmatic RCT adjusted for the cluster ef-
fect and with assessors blinded to allocation most likely
minimized confounding and measurement bias. The in-
tervention and control subcounties are geographically
far apart, which probably minimized “contamination” of
the education components from the intervention group
to the controls. The booster education sessions that fol-
lowed the intervention period may have contributed to

improved adherence to the intervention among the
participants. In support of this, nearly three-quarters
(71%) of the original RCT cohort participants were
available for the current follow-up study. Furthermore,
the assessment of developmental outcomes was per-
formed with 2 neuropsychological tools that are inter-
nationally recognized and have been validated in similar
settings to our study area.”>?®2% Moreover, we recently
showed that our RCT proved to be cost-effective: the
incremental cost-effectiveness ratio for the education
intervention compared with current (ie, the control
group) practice was USD 16.50 per cognitive composite
score gained.*®
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FIGURE 3

Visual and auditory D prime zscores in the 2 study groups. Each dot represents the zscore from 1 child. The horizontal yellow lines represent the mean =
scores, whereas the red and green lines represent the lower and upper 95% confidence interval of the mean, respectively.
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The Child Nutrition and Development study (CHNUDEV)
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FIGURE 4

The long-term follow-up of the CHNUDEV study. The maternal education intervention was performed when the infants were aged 6 to 8 months and lasted
for 6 months. Developmental assessments have since been performed regularly. Arrows indicate improved (T) or similar (<) scores in the intervention
group compared with the control group. ASQ, Ages and Stages Questionnaire; BSID Ill, Bayley Scales of Infant and Toddler Development third ed.; CHNUDEY,

Child Nutrition and Development; MSEL; Mullen Scales of Early Learning.

The study also has several limitations. The original
RCT was powered to test differences in length-for-age z
scores, so the current follow-up study may have been un-
derpowered to evaluate differences in developmental
outcomes and not growth. When assessing the develop-
mental outcomes, several tests were performed. How-
ever, we performed adjustments for multiple testing by
use of the Benjamini-Hochberg method.>® Moreover, be-
cause the education intervention consisted of a combined
package of several components (nutrition, hygiene, sani-
tation, and stimulation), we cannot determine the exact
individual contribution of each of these components to
child development benefits.

In summary, 8 years after our low-cost maternal edu-
cation intervention was conducted in low-resourced rural

10

Uganda, the developmental benefits observed at child
ages 1, 2, and 3 years were still sustained. Our study sup-
ports implementation of nutrition, hygiene, sanitation,
and stimulation interventions in the early months of life
to promote adequate developmental trajectories in small
children. We aim to conduct further follow-up studies on
this cohort to understand how long the observed benefits
last. Long-term studies that evaluate similar education
components, both individually and in combination, are
warranted.
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