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ABSTRACT:

Objective: To describe the proportion of children overall am@ach study arm
who attain developmental milestones in two rural-pgban communities in
Tijuana, Mexico. To compare the specific proporsiaf milestone attainment in
this region to an international standard comparg@up. To describe baseline
household and maternal characteristics of eaclystud. To identify maternal
and household factors associated with failure tetrearly child development
milestones.

Material and methods: This was a secondary analysis of data derived from
baseline cross-sectional survey data that wereatelll using World Vision’s
early childhood care and development (ECCD) questoe on 226 women to
obtain maternal demographics and achievement aldpmental milestones of
children 6-23.99 months old living in the householthe developmental status of
all children age 6-11.99 months was evaluated bymal self-report of
attainment of the same 5 milestones; that of altlcdn age 12-23.99 months was
evaluated by maternal self-report on attainmenhefsame 12 milestones. The
prevalence of maternal depressive symptoms wassessesing the Center for
Epidemiologic Studies-Depression (CES-D) scale.ltivariate analyses were
performed to assess associations between matemhaloasehold characteristics
and failure to achieve child developmental milesgnFailure to attain
developmental milestones was defined as failuadttin any milestone evaluated
in the ECCD questionnaire, based on maternal splft.

Results: Overall, nearly 50% of study children 6-23.99 mantiid failed to
achieve one or more of the developmental milestasesssed. In bivariate
analyses, children of mothers at extreme rangag®f of employed mothers, of
mothers with higher educational attainment, anttlodim who received an iron-
fortified diet were least likely to fail milestoneserall. In multivariate analysis,
factors significantly associated with milestonduige included moderate and
severe maternal depression and continuous bredstfgeén addition to age.
Conclusions: In spite of the limitations conferred by smalirgde size,
guestionnaire design, the lack of objective assessrof child developmental
and nutritional standard, and the absence of algjrmernationally validated
instrument for assessment of child developmenrd,liaseline study has provided
useful information about the prevalence of knovek factors for poor
developmental outcomes in the study communitieglehtified several
potentially remediable factors previously showmtiect child development, such
as maternal depression and iron fortification i ¢hild’s diet. The secondary
analysis also identified recommendations for impstudy design to produce
more robust results and to standardize the dakactedl to international
standards.



INTRODUCTION

This paper will describe the results of a secondaig analysis of a baseline, pre-
intervention study of early childhood developmeistakus in two peri-urban Mexican
communities. Child development is the ordered gemre of sensori-motor, cognitive-
language, and social-emotional functioning skili$his process is greatly influenced by
socio-cultural, biological and psychosocial factof$e interaction of these factors is
especially influential during a child’s early yeaveen key developmental processes
occur. During this time, brain development is angovia neurogenesis, axonal and
dendritic growth, synaptogenesis and myelinatiowl, iais affected by the environmént
Early stresses such as lack of adequate nutritimm deficiency, infectious diseases and
poor social stimulation and interactions can halweese and long-lasting effects on
brain development. It has been estimated that 200 million childueder 5 years old in
developing countries are unable to reach their ldpweental potential due to health and
social factors such as poverty, poor health andtiout, and deficient parenting care and
health service§*3 Although 90% of the world’s children live in loand middle-income
countries, the severity of the problem of poordaltievelopment remains relatively
unknown for many subpopulations due to lack of ladlity of national statistics 2

It is important to address maternal and househskdfactors that may adversely
affect a child’s development and may be amenabietéovention. Principal factors that
are known to influence child development at thielenclude poor maternal
socioeconomic status, low maternal educational J@vadequate nutrition for the child,
childhood anemia, diarrheal disease, perinatallyimed HIV and maternal depression;

these factors are often interrelated. For exanipieknown that children of less-



educated women are more likely to be exposed to ghetary intake and sanitation while
also receiving less cognitive stimulatidn It has also been suggested that intervention
programs to improve maternal mental health carctyréelp reduce the prevalence of
child malnutritiord.

Several different types of nutritional inadequaayd been causally linked to
delayed child development; among the most impodasiron deficiency, stunting, and
wasting. One of the most common nutritional dé&dian children in developing countries
is iron deficiency. Animal models have shown tinan deficiency anemia in early
developmental stages alters brain metabolism, trensmission and myelinatiin
Infants with iron deficiency anemia have been shtavinave similar results, with
reported decreases in mental, motor, social, emalt@and neurophysiologic functionihg

When given the proper nutrients and raised in hgatvironments, children
should be able to reach their growth potentiahiéddovho does not reach his or her
genetic growth potential for height is considerethted. Wasting (low weight for
height) is another common consequence of an inadegiiet during childhood. Studies
have directly linked stunting and wasting to impdieducational and economic
performance later in life

Poor developmental outcomes associated with siyatiad wasting can also be
due to an infectious etiology. Infectious etiolesyiincluding diarrheal, respiratory and
vaccine-preventable diseases (i.e. pertussis)amenonly associated with stunting and
wasting in children due to their direct effect de thild’s ability to grow and maintain
the health status necessary to be developmentaiigal. However, a child infected with

perinatally-acquired HIV can have poor neurodeveept as a direct result of viral



invasion of his or her central nervous systenDirect effects of HIV on the developing
infant brain (neuro-AIDS) can cause children teeloslestones after attaining them. In
addition to biological effects of HIV, infants boto mothers infected with HIV are at a
higher risk of living in a resource-limited envirment that may not be able to provide
adequate nutritional support for the growing chadd;HIV infected mother may also be
less able to provide adequate care for the chll/-infected infants are therefore known
to perform more poorly on developmental t&€sts

Maternal depression has been well documented mihigome countries to have
high economic and human costs that extend acress&teons by affecting the health,
development and behavior of childferiThe prevalence of maternal depression is
estimated to be between 35-50% in Latin Améficalowever, its impact on child
development in developing countries, where the ntgjof the world’s children live, is
less well studietf”. The prevalence of depression among the genepailation in
Mexico is estimated to be 9.2%, with women beingyate the risk of men of having a
depressive episode

Depressive disorders are a common disability anvasrgen, with symptoms
ranging from sadness, negative affect, loss ofastan daily activities, fatigue and
withdrawal that can directly interfere with intetians between mothers and young
childrerf. Infants of depressed mothers are less likebetsecurely attached leading to
delayed cognitive development and behavioral probi&é*. Depressed mothers are also
more likely to terminate breastfeeding earlier Bedess sensitive in their interactions

with their children, leading to malnutrition andvééopmental deldy



Early interventions are key to promoting normal@epmental outcomes in
children. The Institute of Nutrition of Central Asmca and Panama (INCAP) showed
that nutritional supplementation in children befage 3 years old, but not after,
improved economic productivity in these individuatsadultS. This suggests that key
interventions to positively affect child developmemnust occur in infants and toddlers.
There have been other trials in which modificatbba social, economic or nutritional
risk factor has suggested an improvement in cleletbpmental outcomes. For
example, a study in Colombia looked at 433 famiied assigned the children to a
nutritional supplement program, a stimulation (horns#) program, or both in the
prenatal to 3 years of age rangeA mental developmental scale at specific ageoéfst
was used, in addition to scoring locomotor, pertsnaial, speech and language skills, to
assess developmental outcomes. The effect of thesgentions showed that food and
stimulation each affected different areas of penfamce; food supplementation affected
motor development and stimulation affected langubgethe two together did not have
additive effects on development. The causes otldpmental failure are multifactorial,
and this study is a prime example that multipleccorent interventions may be required
in children who have multiple risk factors for del&nowing that certain social and
biological risk factors have an effect on the depetent of a child’s gross motor, social
and language development, it is necessary to imaest time and energy to better
understand the magnitude of their impact and howttsvene. Addressing these
underlying social determinants of health may beféective approach to reducing

developmental delay, especially where programsrparate interventions that have



previously been tested and found to be successimpoving child development
outcomes (e.g. certain intervention programs forenmal depressidh

Because few studies exist in Mexico looking atghevalence of these social,
psychosocial and biological factors known to affgatd development, World Vision
(WV) elected to conduct a baseline study to adeess prevalence and correlates of
developmental delay in children in two rural comrties of Tijuana, Mexico, in the
context of a quasi-experimental prospective evalnaif an intervention designed to
address potentially modifiable factors associatéd failure to attain normal child
development.. WV is a non-profit faith-based depehtent organization that promotes
the advancement of children around the world. VWWducted its cross-sectional
baseline survey in 2010, and subsequently implesdeaatnew, multi-faceted approach to
address the social, educational and health fatitatanfluence early child development
in this region of Latin America intervention. All@v-up cross-sectional study was
conducted in 2012, and its results will be useasgess the impact of the intervention. In
the future, the WV evaluation has the potentiahform scaled ECD interventions in
Mexico and other international sites.

This paper will describe the results of a secondaalysis of WV’s baseline data.
Because data from the post-intervention phaseeopénent study were unavailable, the
secondary data analysis performed for this thadis uses baseline data from WV’s
initial cross-sectional survey. The principal aiofishe secondary analysis are the
following: First, to describe the proportion ofilcen in each study arm (intervention
vs. control) who attain all developmental miles®assessed in the baseline survey.

Second, to describe the ages at which specificaotiops of children overall and in each



study arm are reported to have achieved specifissgmotor milestones, and compare
them to the age ranges (with their correspondimgidence intervals) at which WHO has
observed achievement of comparable milestonegémiational populatiorl& Third, to
describe and compare the baseline maternal aneholdgscharacteristics of each study
arm. Finally, to describe associations betweepmid@lly modifiable and other maternal
and household characteristics with indicators ofyezhildhood development. An
additional aim, added after the initiation of datelysis, was to identify potential
modifications in the WV questionnaire that mighhance the quality data obtained in

future, similar studies.

MATERIAL AND METHODS

Parent Study
Study population

The WV baseline survey took place in two commusi(i@apata and Reforma) in
the municipality of Tijuana, Mexico. At the timéthe baseline survey, the estimated
population of Zapata was 2,169 inhabitants angtplation of Reforma was 1,523
inhabitants, with the number of children under &rgeold being 251 and 189,
respectively. For the baseline assessment ofrnatand household characteristics and
early child development, a cross-sectional basdémesehold survey was conducted in
the two study communities (one identified as indetion and the other as control) from
June to August 2010. Participants were selectedimple random sampling (SRS) of
households following a census activity to idengfigible households with pregnant

women or children under three years of age in eaatmunity. A total of 413 women



between the ages of 18-49 who were either currgmédgnant or had a child under the
age of three years old were interviewed. An eehnijdhood care and development
(ECCD) program questionnaire developed by Worlddrisvas used to record maternal
and household characteristics and child developmhetdtus. The primary health-related
domains addressed by the questionnaire were: nahg@mographics, household
composition, child nutrition and feeding practicasd household sanitation. In
households with more than 1 child under 5 yearstbklyoungest child was identified as
the subject of the interview. Medical studentsrfrine Universidad Autbnoma de Baja
California were recruited and trained to adminig&ee-to-face interviews to mothers
using a field tested and pre-coded questionndierviews were conducted in Spanish.
Each participant was required to give oral consghich was obtained and certified.
The study was approved by the human subjects resaewmittee at the Universidad
Auténoma de Baja California, and approval to penfarsecondary data analysis for this

thesis was granted through the University of Wagioin's Human Subjects Division.

Developmental milestone assessment

Gross motor, social and language development weaesssd by mother’s report
using a series of age-appropriate questions IE@ED questionnaire. Direct
observation of the index child was not employethe Basic questionnaire was modified
by inclusion of specific questions relevant to fage groups, pertaining to the age of the
index child: 0-2 months old, 3-4 months old, 4-6ntins old, 6-12 months old, 1-2 years
old. In total, questions corresponding to up talfterent milestones were asked, as

appropriate for the age of child and ordered freast advanced (i.e. holds head up) to

10



most advanced (i.e. walks confidently). Fewer tlgu@ental questions were asked for
the youngest children, and progressively more quesivere included for older children
(Table 1). Mothers were asked to respond “yes” or “no”déach age-appropriate

milestone achieved by her child.

Assessment of maternal depression status

The Center for Epidemiologic Studies-Depression§dE scale was
administered to all participants in SpariishThe scale was self-administered by each
participant in private without the use of an intewer in order to ensure honest
responses. This scale was designed to measupeevaence of current depressive
symptoms at the community level using a 20-questtaie without providing an
individual clinical diagnosis of depressidn The CES-D scale addressed the following
symptoms of depression: depressed mood, guilthtemsness, loss of appetite, sleep
disturbance and psychomotor retardation. Parintgpeated the frequency of symptoms
from O ‘rarely or never’ to 3 ‘most or all the time&Possible scores were 0 to 60 with
higher scores indicating a higher prevalence ofelgive symptoms. A score of 16 or
greater was identified as separating depressedrmmdepressed individuals in the
original field trials”. Subsequent studies identified a cut-off of 24mater to represent
clinical depression and to distinguish moderatenfeevere depressithh This scale has
been tested for intercultural reliability in Spdniparticularly among Mexican-American,
Puerto Rican-American and Cuban-American youthspawed to Anglo youth in the
United States, showing that CES-D scores did not &a a function of language or

ethnic statuS. The scale has not been validated in Mexican woaiehild-bearing age.
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Secondary Analysis

Subjects excluded from the secondary analysis

15 households’ data (or data from 15 mother-chyladd) were excluded from analysis
for the following reasons: 1) Mismatch betweeresid questionnaire and recorded age
of child, e.g. use of the 6-12 month questionnfarea child whose recorded age was 4
months; 2) Incomplete developmental milestone datarded. Children who did not
have answers to all milestone questions that shuaNé been asked in their age category
were omitted from the analysis; 3) Developmenghdot interpretable due to unknown
age of child.

We restricted analyses to children age 6 to 23.88ths, thus excluding 172
additional households, for the following reasof$:only a small number of milestones
was addressed in the youngest children, and there f@wer children in the 0 — 6 month
age category, leaving a total sample size too smalbnduct milestone-specific
analyses; 2) poor discriminatory power of questares to detect delay in children over
2 years of age, owing to absence of questions abiestones ordinarily achieved after

the age of 1 year.

Statistical Analyses

Descriptive statistics summarized maternal, clatdy household demographic
information collected via the ECCD questionnaiestricted to households with index
child age of 6 months through 1 year, 11 monthszthdays. We described the

characteristics of intervention and control commysubjects separately and overall.
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For the primary analysis of child development ate calculated the proportion of
children reported to have attained each milestsinatified by age category (6-11.99 or
12-23.99 months), both overall and by study armheW appropriate, the ages at which
children were reported to have achieved specifiestones were compared to the age
ranges at which an international sample of childvas observed to have attained similar
gross motor milestones as assessed by WHIB order to describe the overall
proportion of children attaining all milestones &we, a dichotomous variable (O=falil,
1=pass) was created for each developmental milestesessed by the study instrument.
A total milestone score sum was calculated for eddd by adding the sum of each age-
appropriate milestone achieved. A new dichotoma@uimble was then created
(O=PASSALL if child met all milestones evaluategFAIL if child failed one or more

of the milestones evaluated) to identify childremondid not meet all milestones in his or
her age category. Nutrition variables were cretaetbnform with World Vision

nutrition indicators’. These included variables for children breastfétin 1 hour of
birth, children continuously breastfed (Sesble 2 for definitions), children receiving a
minimum meal frequency, children receiving a diggguately fortified with iron, and
children meeting a minimum dietary diversity.

Maternal depression was described using CES-D sex®oth a continuous and
categorical variable, with the categorical variad@parating non-depressed (score of 0 —
15.9), moderately depressed (score of 16-23.9sandrely depressed (score of 24 — 60)
based on cut points defined in the published litee?’. Scores were determined only for
women answering at least 16 out of 20 questioms.tHose answering 16-19 questions,

scores were normalized against scores for thoseeaimg all 20 questions.
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Age-adjusted binary logistic regression models wesed to determine the
bivariate association of maternal demographic dtarstics, maternal depression scores
and child nutrition variables with the failure tihean developmental milestones at various
age cut-offs. In addition to analyses involvingedigible subjects, two age subcategories
(6 — 11.99 months and 12 — 23.99 months) were ateduseparately for each bivariate
model, because the 6 — 11.99 month questionnaireatievaluate all of the
developmental milestones addressed by the quesirenior the older children. The
dichotomous dependent outcome for these analyseseparted failure to achieve one or
more age-appropriate milestones. Independentblasancluded maternal depression
CES-D scores, maternal demographic factors (empoyistatus of mother, occupation,
maternal age, marital status, financial suppornfahild’s father, highest education level
attained, years of residence in community), nunatb@renatal visits attended, location of
birth of child, insurance status, and child nubntfactors (breastfed at one hour of life,
continuously breast fed, meets minimum meal frequereceives iron-fortified diet,
meets minimum dietary diversity).

Age-adjusted multivariate models were then congtdin parallel fashion,
including all variables that were found to be siigantly associated with developmental
outcomes at the level of£0.20 in the bivariate analyses. The core multatamodel
included maternal age (modeled as a categoricalhMarin three age bins: teen mothers
[13 — 19 years at time of delivery], middle agegafi20 — 34 years at time of delivery]
and advanced maternal ag8%p years at time of delivery]); maternal employmstatus,
maternal marital status, maternal education laneldeled as a categorical variable:

incomplete primary education, complete primary adioc, incomplete secondary
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education, complete secondary education, beyor@hdacy education), gender of child,
age of child, iron fortification of the diet, a tiacluding adequate diversity of food
groups for the child, and continuous breast-feedifigese variables were chosen as the
core model given their previously documented infleezon child development. The
additional covariates initially chosen for analysesduded maternal depression, maternal
financial assistance from the child’s father, maaéyears of residence in the community,
insurance status, residence in the interventiosugecomparison community, and a diet
including adequate diversity of food groups for thdd. Of these covariates, those with
a P < 0.20 were selected to build the final muitatea model. Each covariate was added
to the core model individually, and its effect vessessed using likelihood ratio tests.
Covariates with a p-value < 0.20 for the likelihaatio tests between the core model and
the core model with the added covariate were iredud the final multivariate model.
Once these final covariates were chosen, they aduled step-wise to the core model,
with likelihood ratio tests checked between theeaoodel and the core model plus
covariates. Each time a new covariate was adtatintodel became the new “core”
model to which the new model was tested.

Given the potential for collinearity between vasalemographic and nutrition
factors, interaction terms were created to assesscmtions between maternal marital
status and receiving financial support from thédthifather, iron-fortification and
dietary diversity, iron-fortification and continuslreast feeding, dietary diversity and
continuous breast feeding, and infant age andtiautsrelated variables. Non-significant
findings were used to exclude variables from thalfmodel. Subjects with missing

variables were excluded from the analysis.
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RESULTS

Maternal and household characteristics

After exclusion of 15 individual participants antileouseholds with children
lying outside the age ranges of interest (childrga 6 — 23.99 months), the total study
sample consisted of 226 women; each woman reportede developmental status of 1
child; their characteristics are described able 3. Most participating women had
resided in the community for more than a decadearly all women were married or in
civil union relationships. Nearly half of the wombad completed some secondary
education and the majority were unemployed. Th&xre no significant variability in
demographic and risk factor profiles between irgation and comparison communities,

confirmed by chi2 testing.

Milestone failure

One hundred fourteen (50.4%) children demonstratgdappropriate milestone
achievement (attainment of all developmental noless assessed by the relevant study
guestionnaire) as ascertained by maternal selfrregad 112 (49.6%) children were
found not to have achieved at least one milestotiedir age grougFigure 1).
However, several milestones were achieved by nd@db of subjectgFigure 2);
failure to pass “all milestones” was generally duéailure to pass only a small subset of
milestones, often those that only children at tbpeaun ranges of the 2 main age groups (6-
11.99 months, 12-23.99 months) might have beenatggdo pass — e.g. “crawling” for

the younger infants and “walking confidently” fdretolder ones . Fifty-two (48.15%)
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children in the intervention community attainedrallestones for age compared to 62
(52.54%) children in the comparison community wttaiaed all milestones for age.
Only four motor milestones (ability to walk, sit,uprawl, stand up) were
compared to WHO international standards, becauwee there no comparable WHO
standards for the other milestones evaluated iMtkiebaseline survey. The youngest
age category by which 50% of study children coejdortedly sit up was 7-7.99 months,
compared to the BDpercentile of 5.9 months in the WHO comparisorugrTable 4).
Overall, at least 50% of study children could crawi8-8.99 months of age, compared to
the 50" percentile of 8.3 months in the WHO comparisorugrdAt least 50% of children
overall in this study could stand up by 9-9.99 rhentf age, compared to the'50
percentile of 10.8 months in the WHO comparisorugroFinally, at least 50% of
children in this study met the WHO B@ercentile standard for walking by 12 months of

age. Nearly all participants 12 — 23.99 monthdataalk by 17 months of age.

Association of social factors with failure of mile®nes

Milestone failure was reported less commonly iddren of teen mothers (OR for
association of teen motherhood and milestone &@ilu58) and children of mothers of
advanced maternal age (OR 0.59) than in childremomhen in the middle age range
(TABLE 5). Approximately one-third of mothers greater ti3&nyears old at the time of
delivery had a child who failed milestones. Mitast failure was approximately the
same frequency in children of single mothers comghém married mothers.

Approximately half of children whose fathers liviehe household and half whose
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fathers contributed financially also failed miles¢s. Children who had insurance

coverage more commonly failed milestones (OR =)1.24

Association of nutritional factors with failure of milestones

Forty-three percent of eligible children were reépdrto have been breastfed
within their first hour of life with 58.8% receivincontinuous breastfeeding (i.e., still
breast-feeding at the time of the maternal intevyieApproximately 48% of children
received diets adequately fortified with iron pe¥\Wutrition indicators Table 2).
Twenty-six percent of children not breastfed reedithe minimally accepted frequency
of solid-food meals per day @ times day as outlined by WV nutrition indicalothis
guestion was not asked of women who were stilldiréseding. Thirty percent of
children were fed diets rich in at least 4 différfaod groups per day. Bivariate analysis
was significant for a negative association of f&lto achieve all milestones and reported
provision of an iron-fortified diet for children-623.99 months of age (OR = 0.56, P =
0.050). Only about 40% of children who receivetled adequately fortified with iron

failed milestones.

Association of maternal depression with failure ofnilestones

223 of the eligible women answeretlé questions, meeting criteria for valid
CES-D scores. The mean normalized CES-D scordl#ds (+£9.21), with a minimum
score of 0 and a maximum score of 48.4. Approxahyaine-third of women had scores
of 16 or greater. 15.9% of eligible women metttiveshold for severe depression (score

>24). Age-adjusted bivariate analysis showed afgnt association (using our
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threshold of P<0.20) between severe depressioesend failure of developmental
milestones (OR =1.87, P = 0.128). Approximatd&¥dof children with mothers who
had CES-D scores in the severe depression ranted mailestones. In the bivariate

analysis, each category was compared to wometh athedr categories.

Multivariate analysis

The final core multivariate modeTéble 6) included selected socioeconomic
variables plus depression scores, continuous bfeading and iron-fortification. This
model was comprised of 208 participants and hduzprobability < 0.0001. Moderate
and severe depression scores retained their stalligsignificant positive association
with failure of milestones. Continuous breast-fegdalso retained its statistically
significant positive association with failure oflestones (OR 1.79, P = 0.081). In the
multivariate model, iron-fortification and adequdietary diversity were still negatively
associated with failure of milestones but neittesoaiation was statistically significant.

In the final multivariate model, observed assoacret between covariates of
interest and milestone failure were generally amib those observed in bivariate
analyses except for teen pregnancy, maternal emmaoly iron supplementation and
continuous breastfeedingjgble 6). Teen pregnancy, maternal employment and
continuous breastfeeding all became more statiistisignificant in the final multivariate
model, but iron supplementation became less statilst significantly associated with
child developmental failure. In this final modektreme maternal ages were negatively
associated with milestone failure. Maternal empleyt was also associated with less

failure of milestones. Maternal marital status hatbn-significant association with
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milestone failure but was retained in the core rhdde to its importance as a
demographic indicator. Maternal education didstaiw a significant association with
attainment of milestones. Increasing age of thiel eas significantly associated with
failure of milestones. Iron-fortification and adexde dietary diversity were negatively
associated with milestone failure in the multivegienodel, but the strength of these
associations was decreased (in comparison to hteaginalyses). For this reason, we
conducted unplanned analyses of the associatiangée these important nutritional
factors and between these factors and age. Wael feignificant positive associations
between iron fortification and dietary diversity €/0.001 byy*test), and significant
negative associations between iron fortificatiod age (p<0.001 by logistic regression)
and between continuous breast-feeding and ageQp+$¥logistic regression). We did
not find a significant association between contusibreast-feeding and dietary diversity.
Moderate and severe depression and continuoustifeeaisng showed increased

association with failure of milestones.

DISCUSSION

In this analysis, we described the baseline charatits of households, women
and children across two study arms and lookedeatt #ssociations with developmental
delay on the youngest child under 2 years of aglkdarhousehold. There was a high
overall “fail” rate among all children that indieat almost half of children in these
communities are not meeting their developmentadiuadl. This likely overestimates the
prevalence of developmental failure among youn@godm in this setting because the age

ranges evaluated using the same questionnaireimagypropriately broad. As seen in
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Figure 1, there is a dramatic drop in failure rate for tinghest age category administered
in the 6-11 month questionnaire and an increapedawalence of failure in the lowest age
category administered in the next questionnaineaddition, the approach to the analysis
was modeled on the US standard of declaring a thilcave failed if he/she fails any
guestion in arage-appropriate questionnaire that covers all 4 of the importahdins
(gross motor, fine motor, social and language)is Tirethod could not be adapted
precisely to this study because not enough milestevere evaluated in each domain to
permit us to identify a specific group ade-appropriate indicators that included all 4
domains for each one-month age cut.

In study objective one, the baseline comparisaallatharacteristics assessed
showed no significant difference across the studysan the intervention and
comparison communities. Overall, the eligible papan for this secondary analysis
consisted of primarily middle-aged mothers (betw2@mnd 34.9 years) who were
mostly unemployed. The majority were married agaged in a civil union and received
financial support from the child’s father. Eduocatl attainment in these communities
was overall low, with less than one-third of woneempleting secondary education. Of
these demographics, low education levels and higimployment rates are high risk
factors for negatively impacting a child’s growttdadevelopment, as found in previous
literaturé>>®  This suggests that our study population magtbegh risk of milestone
failure owing to low maternal education and empleytrates.

In objective two, this study attempted to applyidatied WHO criteria to
determine whether observed attainment of developahemnlestones overall and in each

study arm at baseline was “normal” per internatigt@ndards in objective two. In a
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multi-country assessment of milestone attainmemiONound that 50% of children
achieved the milestone “to sit-up” by age 5.9 menthm our study subjects, 50% of
study subjects in age categories 6 and 7 monthatt@ded this milestone, which is
consistent with the interpretation that our studlgjscts’ developmental status is normal
with regard to this milestone. However, small nensbwithin each 1-month age
category limit our ability to interpret these findis; although the parent study did include
children under 6 months, only 9 children in the.8%month age group were assessed.
Despite this, the gross motor milestones “crawli &stand-up,” were attained by 50% of
children in this analysis at a somewhat earliertage in the WHO comparison group.
Children in our analysis (at the Bpercentile) attained the ability to walk at thenssage
as those in the WHO comparison group. These fgedactually refute the high failure
estimate yielded by the study questionnaire.

However, the observed similarities and differericagported attainment of
milestones between the WHO multi-country study sl study, particularly for the
milestone “stand-up”, are challenging to intermeing to several factors. This dataset
does not lend itself to be able to properly desctite ages at which specific proportions
of children overall have achieved specific grossanmilestones in comparison to WHO
international standards for those milestoneshénwV study, not all relevant milestones
were evaluated across all age categories, anddhding of the descriptions of gross
motor milestones evaluated did not match the ede@stription of the gross motor
milestones used in the WHO comparisohale 4). The milestone specified as “ability
to stand up” in the WV questionnaire most closebteches the WHO motor milestone

labeled “ability to stand up alone.” This diffecenin definitions and level of detail of
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description for the milestones is important. Witileppears that our study population
was able to attain the ability to stand up somewbaner than the WHO international
standard group, it may be artifact of questionnaioeding causing misclassification of
those who stand with assistance as being ablddadsalone.” Therefore, the WV
definition of “stand up” is not the same as the WHinition and it is difficult to
compare our dataset to an international standattbui standardization of the
guestionnaire’s milestone definitions.

In the third objective, the achievement of eachestdne was assessed overall and
by study arm. Overall, approximately half of cindd of eligible participants failed one
or more their developmental milestones overallesehresults were also consistently
seen by study arm, with no significant differenbesveen the two communities. The
highest proportions of overall milestone failurereveeen in the younger children, ages 6
— 12 months. By milestone, nearly all childreraaied the ability to hold up his or her
head, sit up, roll over, smile, recognize own namake and follow sound, and follow
instructions by age-appropriate ages. There was nariability in the major motor
milestone such as the ability to sit-up, crawlndtaip and walk. While most children
could attain these milestones by 12 — 17 montlesetivas great variability in the
reported progression of attainment of milestondh wicreasing age.

Objective 4 is the association of specific chanasties with milestone failure. In
spite of the limitations conferred by the small géersize and the questionnaire design,
this analysis confirmed that maternal depressiahcantain nutritional factors are
potentially modifiable risk factors for developmaihfiailure in the study population, and

these findings support WV’s plan to attempt a ndistiplinary intervention to prevent
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developmental failure, and to assess the resu#tstijatively. However, it was
challenging to assess associations of age-varyuagriates (such as the iron content in
the diet, dietary diversity) with an outcome meadaievelopmental milestone failure)
that is also strongly age-associated. Our finaghdate model probably underestimates
the positive associations between an iron-replieteacthd developmental achievement,
and the positive associations between breast-fgedid child development, because of
the difficulty of adjusting for collinearity involag infant age and these covariates.

This analysis described cross-sectional assocgabetween baseline
characteristics of mothers/households and develofahstatus of index children in the
baseline survey. The interactions between theakdublogical and psychosocial factors
influencing early child development are known tocbenplex. One of the primary goals
of this secondary data analysis was to evaluatta prevalence of select maternal
demographics and psychosocial factors that are kriownfluence the biological and
cognitive ability of children between the ages @@l 2 years old to achieve their
developmental milestones in a population previounstystudied.

The results of this analysis are consistent witlatwh known about the effect of
maternal socioeconomic status, child nutrition axadernal depression on the
development of young children. Positive assoamtichown in the published literature
to be causally associated with normal developmestédlis, were found between overall
milestone attainment and low CES-D scores (0 —)1&M®employed mother, child’s
father living at home, higher education level af thother (beyond secondary), the
mother attending greater than 5 prenatal visitsnduhe pregnancy with the index child,

normal birth weight of the child, child nutritionfgctors such as an iron-fortified diet,
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eating food from more than 4 food groups per dal/eating greater than 3 meals per
day. But, of these factors, only low depressiamras, teen pregnancy, advanced
maternal age, and maternal employment were statilstisignificant in both the bivariate
and multivariate models.

Negative associations, described in the previdasaliure as being harmful to the
attainment of milestones (i.e. more likely to failestones overall), were found with
moderate and severe depression scores, low edugiadittainment of the mother (only
completion of incomplete primary schooling) andgg#gnmoms. Moderate and severe
depression, continuous breastfeeding and materaddainstatus were statistically
significant variables in the bivariate and multiaée models.

The multivariate model produced further informatabout the association of
these factors with developmental outcomes in a irtbdé adjusted for maternal and
child demographics and certain nutritional factodBamewhat surprisingly, the observed
associations between reported milestone failureeatr@mes of maternal age were
negative. This may be due to the presence of anderare figure, such as a grandmother,
who is assisting younger mothers with the careeofchild. Older mothers, however,
may have more experience raising children, leatbregprotective environment for
development. However, the observed associatiolysbmartifact of small sample size.
Increased socioeconomic status of the mothers Isagpeotective, with child of
employed mothers being less likely to fail milessmverall. Maternal education, while
a known important protective factor for child dey@inent, showed varying results in our
study. Although the lowest levels of maternaletion were negatively associated with

successful development, there was not a considesméase in negative developmental
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seen with increased educational attainment as yeotad to see. This, however, is most
likely due to insufficient cell sizes to allow usdraw a distinction between attainment of
milestones and strata of educational levels.

The gender of the child was non-conclusive in $isogiation with the attainment
of milestones. This variable, however, was keghafinal multivariate model given its
importance as a child demographic indicator. Tdeeaf the child, however, appeared to
be highly associated with developmental milestdteranent, as expected. This is
consistent with the normal clinical progressionnafreased developmental abilities with
age, as the child grows and develops along a nsoad of development. However, in
this study, the strength of the observed assoaid&iween age of child and failure of
milestones in the final multivariate model is corogled by the choice of questionnaire
design for age of child. This is because all G¥idhth olds were evaluated for the same
milestones (whether or not they were developmengadpropriate for the age of the
specific child) and all of the 1 — 2 year olds wewaluated for a different, but
overlapping, group of milestones. Thus, childmethie younger age categories for each
guestionnaire-defined subgroup (6-11.99 month23.99 months) were at a
disadvantage compared to older children in the saubgroup; and 7-month-olds were at
a disadvantage compared to 6-month-olds because change in content of the
guestionnaires. Therefore, the ability to asseskgtric development at one month age
cut-offs, as is done clinically, was lost. For exde: per the WHO multi-country
assessment, only 50% of children in an internatisample are able to stand by the age

of 10.8 months. In this study, the ability to stamas assessed in all children age >=6
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months, and it was therefore likely that >50% afdren in the 6-11.99-month range
would fail (as we observed).

Child nutritional factors showed some expectedsorde surprising results. A
diet consisting of iron-rich foods should likely Aestrong indicator of attaining
development milestones. It was highly significenthe bivariate analysis but lacked
significance in the multivariate model, probablysad by collinearity with age. The
significant bivariate association is consistentviihown literature that lack of iron can
negatively affect the cognitive development of dreh.

The nutritional indicator that produced unexpect=iilts was continuous
breastfeeding. Breastfeeding is encouraged wode\wy pediatricians given the
immense nutritional and immunologic benefits follcclkdevelopment and maternal-child
bonding. Better nutrition, increased stimulaticonfi the mother, and increased levels of
antibodies against common infectious diseasesllgoectective factors for child
development. Our study, however, showed that naatis breastfeeding was positively
associated with failing milestones overall in cheld. We did not study exclusively
breastfed children because we were only interastellildren 6 months of age or older,
and this age group should not be only receiving$trenilk as the single source of
nutrition. There are several reasons why we mghgeeing these results. One is that
children 6 — 12 months of age might not be recgiather micronutrients (iron, vitamin
A, vitamin D) crucial for the development of a chif they are only breastfeeding. This
is the age group where children transition to seaotid and solid foods as well, and it is
possible that children who continue to be breastigtis group are not receiving

adequate additional meal supplementation (i.e.dmtary diversity) to meet their
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developmental needs. Continuous breastfeedingligtaly diversity were not found to
be significantly collinear, but dietary diversitgdiiron-fortification were collinear.
Therefore, continuously breastfed children mightrben poorer families who cannot
afford to supplement breastfeeding with vitamind additional nutritious meals. These
children might also be more likely to have a motbo is unemployed (and therefore
home to breastfeed the child) and therefore hasdsed socioeconomic abilities to
purchase other sources of nutrition. However, tds#ing showed that continuous
breastfeeding is no associated with maternal emnpdoy status or with receiving
financial help from the child’s father. Also, asted above, younger children were both
more likely to fail milestones and more likely te bontinuously breast-fed, and so
collinearity involving breast-feeding and child agay have resulted in confounding.

Lastly, this could be an artifact of small cellesend wording of the
guestionnaire. The question asked “did your chiehastfeed in the last 24 hours?” which
might not be capturing all children who are bresesting.

Maternal depression was shown to be positively@satad with milestone failure
and was greatly prevalent in these data. Thes#tseme consistent with previous studies
that suggest there is a higher prevalence of matdepression in developing countries
and that this has an indirect but important eféecthe development of children. The
prevalence of self-reported depressive symptomsigmmuothers in these communities is
much higher than the reported national averageeridb, suggesting that social
stressors in these may communities, such as laglatérnal employment and low levels
of higher education levels achieved, may play a molthe etiology of depressive

symptoms seen here at a community level. Addrggbmrisk factors noted in this study
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population has been shown to be an effective waypoove developmental outcomes in
children — i.e. that mitigation of risk factors sas improvement in child development

indicators.

Study Strengths

There are several strengths to this study. Firgtpvides information about
maternal demographics, maternal depression and hititional factors that were
previously unknown in this setting. Maternal degsien, in particular, is not widely
studied or addressed in Latin America, and thidyshas detected an association with the
already known problem of child developmental detathe developing world. Secondly,
this study used a questionnaire that was admieidterthe primary language of the
participants, administered by native speakersaflinguage. This ensured greater
reliability of communication between the intervievemd interviewee. Third, WV used a
systematic process to collect baseline data to@wranunity assessment of key
demographic features before designing an intergergnd follow-up study. There are
few studies currently in progress designed withaberall objective of enhancing overall
child function and development, as many focus ald chortality. WV has therefore
focused on an important aspect of pediatric hedltstly, WV was able to use this study
model flexibly, being open to changes and betterréusimilar studies in other regions of

the world.

Study Limitations
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There are several limitations to this study. Fits¢ data used in this analysis are
derived from a cross-sectional study design. While is unavoidable in the assessment
of baseline demographic data, one major limitatibthe study for risk factor association
is the inability of a cross-sectional design toeasgemporal causal relationships, and
indispensible element of causality.

Secondly, lack of direct measurement of developaienttcomes (e.g. by direct
observation of child behavior) provides subjectrather than objective, data regarding
milestone achievement for each child. Althoughenanactical to gather, all data
regarding achievement of developmental milestone®ased on maternal report, leading
to the possibility for the definition of each milese to be interpreted differently among
mothers. For example, when asked if her childarawl, a mother may have answered
“no” if her child has progressed to walking andlowger crawls. However, by
responding “no,” the data indicate that the chilmbwmever able to attain this milestone.
This may also reflect poor explanations by intemaes or poor definition of milestones
in study questionnaires. The interviewers werdlyitrained and educated individuals,
therefore suggesting that the problem lies in tbedimg of the questionnaire. The lack
of specificity in the wording of question used &s@ss the ability to stand for this dataset
may have misclassified some children as passisgitiiestone even if they required
assistance to stand, leading to differential mgssfecation and causing and over-estimate
in children attaining milestones. For variablestsas “hold head up” and “follow
sound,” the pass rate was near 100%, suggestihthése questions had essentially no

discriminatory value thus not contributing infornegt to the evaluation of milestone
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failure. There is no direct observation by a tedirspecialist in child development nor is
there use of a standardized developmental milestoale such as the Bayley Scales.

In addition, developmental milestones includedhm $tudy instrument have been
limited to those that can be readily explained tihmars by trained interviewers; the
gross motor domain is consequently overrepresentttet milestones included in the
study instrument, and other domains are underrepted. Thus many children may be
misclassified as developmentally delayed when #reynot and vice versa, resulting in
differential misclassification and grossly undeogerestimating the total prevalence of
developmental delay. There is also concern faalkédas in this study. For example,
mothers are asked to recall if their child was btfea within one hour of birth. This may
have led to misclassified data for this particulatrition variable.

A fourth major limitation of this study is smallltsizes within age groups. This
created a barrier to seeing a step-wise increaataimment of milestones with
increasing age, as one would expect. There weny fhectuations in milestone
achievement in older children for unknown reasdhss likely that lack of specificity of
guestionnaire wording or lack of understanding aimterpretation of the question being
asked on the part of the interviewee contributeshigclassification in these cases. Data
entry error may have also contributed to the failiar see a step-wise increase in
milestone achievement with increasing age.

A fifth limitation of this study is the inabilityot accurately quantify overall
prevalence of failure of milestones due to quesi@ne design. The implausibly high
failure rate of overall milestone attainment seethis analysis is likely a result of the

guestionnaire design. Too few developmental qolstivere asked in a very broad age
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category for 6-11.99 month old and 12 — 23.99 maidichildren. These age ranges
mark periods of development that are critical towyndevelopmental changes that occur
in children on a monthly basis. At least 4 quesi@l per domain) and up to 8 questions
(2 per domain) specifically tailored to each 1-nfoage cut would have provided a more
detailed and accurate assessment of developmenéaltial. By asking the same set of
developmental questions to a mother of a 6 mortlasito a mother of an 11 month old,
the 6 month old will therefore be held accountdbteattaining the same set of
milestones as the 11 month old. Naturally, thisasfeasible and the mother of the 6
month old will likely answer “no” to several of tlitkevelopmental questions for her child
since he or she has not developed to that stagéoyéiis or her age. The consequence
of this scoring system is that the 6 month old ailtomatically “fail” all milestones
based on having answered “no” for one or more nutess. Therefore, the failure rate of
almost half of the children in this study most likdoes not accurately reflect the
developmental status of the pediatric communityilele for analysis. It is likely a
reflection of improper use of developmental quesitor age of child.

The developmental milestones evaluated in the patady were heavily
weighted toward gross motor development. No firenmilestones were evaluated,
and few social or language milestones were includéus limits the sensitivity of the
survey for detection of true milestone delay, amrddietection of risk factors that may be
less strongly associated with gross motor developrtian with other milestone
domains.

Lastly, this study lacks anthropometric data ofheettild such as accurate weight-

for-age, height-for-age, and weight-for-height D1&s and hemoglobin values to better
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assess the biological association of maternal faetod nutrition with child growth.
Anthropometric indices and hemoglobins would prevésh objective indicator of the
child’s current nutritional status, in the same \lagt direct observation of milestone
attainment would have provided objective evidenfcgewelopment, and if available

would permit internal validation of maternal setfpports re feeding practices.

Conclusion

As the global community aspires to achieve theéuilium Development Goals,
it is vital that governments of developing courgragldress the important impact that
maternal and household factors such as maternetskpn, socioeconomic status, child
nutrition and maternal education level have onaiiéity of children to develop normally
and progress through early childhood and schoalessfully. Areas of future studies to
consider include creating globally accepted indicabf child development to better
measure the status of development of children ixiétein both rural and urban
environments. Future steps include the implememtatf early childhood development
programs with targeted interventions to ensure¢hdtliren are able to meet their
development potential, even among stressful ssdistions. In spite of the limitations
conferred by small sample size, questionnaire deding lack of objective assessments of
child developmental and nutritional standard, dredgbsence of a simple, internationally
validated instrument for assessment of child dgualkent, this baseline study has
provided useful information about the prevalenc&radwn risk factors for poor
developmental outcomes in the study communitiesdifgs derived from study of this

relatively stable peri-urban population are notassarily generalizable to other
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populations even within Mexico, e.g. rural indigaagopulations. However, the
baseline results may help the sponsoring agentayget its multidisciplinary
interventions toward the more prevalent risk fagtand to refine its survey methods in

order to obtain more robust results in future sysve
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Appendix A:

Table 1: Developmental milestones assessed grougmsdage and developmental categoty

Age group Gross Motor Social Development  Language
development Indicator development Indicator
Indicators
6-11.99 -Hold his/her head up -Smile to his/her -Follow sounds or
months -Roll over by siblings or father music
him/herself -Respond to his/her
-Sit by him/herself name
-Crawl -Make or reproduce
-Stand up sounds
Total 5 1 3
milestones
assesse(
12-23.99 -Hold his/her head up -Smile to his/her -Follow sounds or
months -Roll by him/herself siblings or father music
-Sit by him/herself -Respond to his/her
-Crawl name
-Stand up -Make or reproduce
-walk sounds
-Follow easy
instructions
-recognize and name
sounds
Total 7 1 5
milestones
assesse(

Table footnotes:
1. Fine motor milestones were not assessadhis study
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Table 2: World Vision Definitions of nutrition ind icators®™

Nutrition indicator

Breastfed within 1 hour
of life
Continuously breastfed

Minimum meal
frequency

Iron fortified diet

Minimum dietary
diversity

Definition

Proportion of children under 2 years receiving\earitiation of
breastfeeding, within 1 hour of birth

Proportion of children aged 6-23 months receivirgabt milk in the 24
hours previous to of administration of the survey

Percent of breastfed and non-breastfed childred &8 months who
received solid, semi-solid, of soft foods (incluglimilk feeds for non-
breastfed children} 4 times during previous day

Percent of parents of caregivers who report thifddreim aged 6-59 months
received any of the following during the previowas/d iron-rich food or
condiments; food that is especially designed farite and young children
and was fortified with iron; food that is fortified the home with a product
that included iron (meat/fish or legumes).

Percent of children aged 6-23 months who received from at least 4 food
groups (eggs, meats, fruits, vegetables, grairig;, dagumes) during the
previous day
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Table 3. Characteristics of Participating Mothers,Infants and Households

Subgroups defined by age of index child

Subgroups defined by
community of residence

Characteristics 6-11.99 12-23.99 6 -23.99 Intervention
months months months (N=108) Comparison
(N=81) (N=145) (N=226) (N=118)
N (%) N (%) N (%) N (%)
or or or or N (%)
median (IQR) median (IQR) median(IQrR) median(IQR) or median(IQR)
Demographics
Maternal age (in years) (1[0.4%)] missing): Median(IQR) 24 (16, 40) 25 (15, 41) 25 (15, 41) 25 (16, 41) (5 40)
Extremes of maternal age at time of delivery (0, 09missing):
Teen pregnancy (delivery before age 20 years) 22 (27.2) 38 (26.2) 60 (26.5) 29 (26.9) 31 (26.3)
Delivery between 20 and 34.9 years 53 (65.4) 95 (65.5) 148 (65.9) 71 (65.7) 77 (65.3)
Advanced maternal age36 years at time of delivery) 6 (7.4) 12 (8.3) 18 (8.0) 8 (7.4) 10 (8.5)
Maternal depression scoresmodeled as categories (3, 1.3% missing):
CES-D Scores 0-15.9 (low score) 51 (63.0) 88 (60.7) 139 (61.5) 62 (57.4) 77 (65.3)
CES-D Scores 16-23.9 (medium score) 16 (19.8) 32 (22.1) 48 (21.2) 28 (25.9) 20 (17.0)
CES-D Scoreg24 (high score) 12 (14.8) 24 (16.6) 36 (15.9) 17 (15.7) 19 (16.1)
Length of maternal stay in community (in years) (10.4% missing): median (IQR) 10 (0, 39) 14 (0, 35) 12 (0, 39) 16.5 (0, 39) 10 (0, 35)
Single Mother (2, 0.8% missing) 10 (12.5) 22 (15.2) 32 (14.2) 16 (14.8) 16 (13.6)
Employed mother (0, 0% missing) 21 (25.9) 47 (32.4) 68 (30.0) 33 (30.6) 35 (29.7)
Maternal occupation as maquiladora (0, 0% missing) 11 (13.6) 21 (14.5) 32 (14.2) 15 (13.9) 17 (14.4)
Father of child lives in the household (0, 0% missg) 68 (84.0) 116 (80.0) 184 (81.4) 88 (81.5) 96 (81.4)
Father of child contributes financially (0, 0% missng) 75 (92.6) 120 (82.8) 195 (86.3) 92 (85.2) 103 (B7.3
Maternal education, by highest level achieved moded in categories (3, {1.3%} missing):
Incomplete Primary<6 years of primary instruction completed 9 (11.2) 18 (12.4) 27 (11.9) 14 (13.0) 13 (11.0)
Complete Primary6 years of primary instruction only completed) 22 (27.2) 42 (29.0) 64 (28.3) 27 (25.0) 37 (31.4)
Incomplete Secondax 3 years of secondary instruction completed) 11 (13.6) 17 (11.7) 28 (12.4) 9(8.3) 19 (16.1)
Complete Secondars f/ears of secondary instruction + 6 years of primary instruction completed 27 (33.3) 38 (26.2) 65 (28.8) 39 (36.1) 26 (22.0)
Beyond SecondanfCpmpletion of >1 semesters of prep or university studies) 11 (13.6) 28 (19.3) 39 (17.3) 19 (17.6) 20 (17.0)
Mother and/or child has insurance coverage (0, 0% rssing) 52 (64.2) 98 (67.6) 150 (66.4) 74 (68.5) 76 (64.4)
Pregnancy of index child was planned (16, 7.1% misgy) 25 (30.9) 66 (45.5) 91 (40.3) 41 (38.0) 50 (42.4)
Prenatal visits &5 visits) (16, 7.1% missing) 67 (82.7) 115 (79.3) 182 (80.5) 87 (80.6) 95 (80.5)
Child was born in a clinic (16, 7.1% missing) 20 (24.7) 33 (22.8) 53 (23.6) 30 (27.8) 23 (19.5)
Child was born in a hospital (16, 7.1% missing) 55 (67.9) 100 (69.0) 155 (68.6) 71 (65.7) 84 (71.2)
Child was breastfed within one hour of birth (7, 31% missing) 37 (45.7) 60 (41.4) 97 (42.9) 46 (42.6) 51 (43.2)
Child is continuously breastfed (breastfed within &st 24 hours of time of interview) (0, 0% missing) 37 (45.7) 96 (66.2) 133 (58.8) 62 (57.4) 71 (60.2)
Child receives an adequately iron fortified diet 4, 1.8% missing) 30 (37.0) 79 (54.5) 109 (48.2) 49 (45.4) 60 (50.8)
Non-Breastfed children meeting a minimum meal fregancy of solid foods standard(135, 59.7% missing) 5 (6.2) 21 (14.5) 26 (11.5) 15 (13.9) 11 (9.3)
Dietary diversity of child modeled in categories: f, {%} missing):
Child is fed diet witt>4 food groups/day (0, 0% missing) 14 (17.3) 52 (35.8) 66 (29.2) 32 (29.6) 34 (28.8)
Dietary diversity of child modeled as a linear varable, 0 vs 7 food groups/day: (0, {0%} missing: naan, IQR) 2(0,5) 3(0,7) 3(0,7) 3 (0, 6) 3(0,7)
Birth weight of child >2500 gms (29, 12.8% missing) 69 (85.2) 115 (79.3) 184 (81.4) 89 (82.4) 95 (80.5)

Table footnotes:
1. CES-D scores normalized to adjust for missingesponses



Table 4. Ages at which specific proportions (th@spossible to calculate) of children overall and irach study arm
achieved specific milestones as compared to WHO stdards of achievement in international population$®

Youngest age

Youngest age at which

Percentile of p;::\év:tlif: of Youngest age at which percentile of percentile of children
Milestone | children attaining el e children attained milestone: attained milestone:
milestone .
attained
milestone:
All Study Intervention Comparison WHO comparison group
Subjects Study Subjects Study Subject
Sit up* 25" 6 months 6 months 6 months 5.2 months
50" 7 months 6 months 7 months 5.9 months
Crawl? 10" 6 months 7 months 6 months 6.6 months
50" 8 months 11 months 8 months 8.3 months
Stand up’ 50" 9 months 9 months 10 months 10.8 months
750 11 months 11 months 11 months 12 months
og" 13 months 12 months 17 months 13.4 months
Wall_<s 4 50" 12 months 17 months 12 months 12 months
confidently

Table footnotes:

1. Listed as “sitting without support” in WHO milestones
2. Specified as “hands and knees crawlingf WHO milestones

3. WHO comparison milestone used was speeifi as “stands alone”

4. WHO comparison milestone used was “walkgalone.”
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Table 5. Developmental Outcomes and Characterisgoof Study Participants and Households

Characteristic (N, %) N(%) Failing developmental screen, by age of
index child
6-11.99 12-23.99 6-23.99
months months months
(N=81) (N=145) (N=226)
All children 55 (67.9) 57 (39.3) 112 (49.6)
Extremes of maternal age at time of delivery:

Teen pregnancfdelivery before age 20 years): (60, 26.5% 14 (63.6) 13 (34.2) 27 (45.0)

Delivery between 20 and 34.9 yea(s48, 65.9%) 37 (69.8) 41 (43.2) 78 (52.7)

Advanced maternal a¢e35 years at time of delivery): (18, 8.0% 4 (66.7) 3(25.0) 7 (38.9)
Maternal depression scotesodeled as categories:

CES-D Scores 0-1539, 61.5% low score 31 (60.8) 31 (35.2) 62 (44.6)

CES-D Scores 16-23(@8, 21.1% medium score 12 (75.0) 15 (46.9) 27 (56.3)

CES-D Scoreg24 (36, 15.9% high score 10 (83.3) 10 (41.7) 20 (55.6)
Single Mother(32, 14.2% 6 (60.0) 11 (50) 17 (53.1)
Employed mothe(68, 30.0% 12 (57.1) 14 (29.8) 26 (38.2)
Maternal occupation as maquilad§®2, 14.2% 6 (54.5) 7 (33.3) 13 (40.6)
Father of child lives in the househdltB4, 81.4% 46 (67.6) 45 (38.8) 91 (49.5)
Father of child contributes financialf§95, 86.3% 53 (70.7) 46 (38.3) 99 (50.8)
Maternal education, by highest level achiewsatieled in categories

Incomplete Primary<6 years of primary instruction completed) (29, 11.9% 6 (66.7) 10 (55.6) 16 (59.3)

Complete Primary6 years of primary instruction only completed) (64, 28.3% 13 (59.1) 16 (38.1) 29 (45.3)

Incomplete Secondafy3 years of secondary instruction completed) (28, 12.4% 10 (90.9) 7 (41.2) 17 (60.7)

Complete Secondaf$ years of secondary instruction + 6 years of primary instruction completed) (65, 18 (66.7) 13 (46.4) 31 (47.7)

28.8%)

Beyond Secondar§Completion of >1 semestersof prep or university studies) (39, 17.3% 7 (63.6) 10 (35.7) 17 (43.6)
Mother and/or child has insurance coverégs0, 66.4% 39 (75.0) 36 (36.7) 75 (50.0)
Pregnancy of child was plannéil, 40.3% 18 (72.0) 27 (40.9) 45 (49.5)
Prenatal visitsX5 visits) (182, 80.5% 47 (70.1) 44 (38.3) 91 (50.0)
Child was born in a clini¢53, 23.6% 12 (60.0) 10 (30.3) 22 (41.5)
Child was born in a hospitél55, 68.6% 42 (76.4) 44 (44.0) 86 (55.5)
Child was breastfed within one hour of bi(gv, 42.9% 27 (73.0) 26 (43.3) 53 (54.6)
Child is continuously breastfgdreastfed within last 24 hours of time of interviev) (133, 58.8% 30 (81.1) 40 (41.7) 70 (52.6)
Child receives an adequately iron fortified d{@09, 48.2% 17 (56.7) 25 (37.9) 42 (43.8)
Non-Breastfed children meeting a minimum meal fesguy of solid foods standan®6, 11.5% 2 (40.0) 7 (33.3) 9 (34.6)
Dietary diversity of child modeled in categories:

Child is fed diet witt>4 food groups/dag66, 29.2% 5(35.7) 17 (32.7) 22 (33.3)
Birth weight of child>2500gms (184, 81.4% 49 (71.0) 43 (37.4) 92 (50.0)

Table footnotes:
1. CES-D scores normalized to adjust for missingesponses



Table 6. Bivariate and multivariate logistic regresion of covariates and

dependent outcome “fails all milestones”

Covariate

Maternal depression
CES-D scores, 16-23.9
CES-D scores, 24 - 48.42
Maternal age at time of delivery
Teen pregnancy13-19 years)
Age 20-34 yeargreference category)
Advanced maternal agez35 yrs
Single mother
Employed mother
Maternal education, by highest level achieved
Incomplete primary
Complete primary
Incomplete secondary
Complete secondary
Beyond secondary
Child continuously breastfed
Iron in child’s diet
Children with diet from >4 food groups/day
Dietary diversity of children, 0 vs 7 food groups/dy
(continuous)
Normal vs low birth weight of child
Gender (child)
Age of child (months)

Bivariate analysis

6-23 months old

OR

2.00
1.87

0.58

0.59
1.30
0.63

1.87

0.49

0.96
0.52

0.43
1.42
0.56
0.57
0.73

0.32

0.87

p-value

0.060
0.128

0.108

0.369
0.526
0.148

0.160

0.143

0.945
0.193

0.122
0.260
0.050
0.085
0.008

0.088

0.000

Multivariate analysis

6-23 months old

OR

2.23
1.94

0.45

0.38
1.70
0.53

0.45
1.54
0.67
0.58
1.79
0.69
0.69

0.72
0.87

p-value

0.034
.09

0.040

0.161
0.306
0.085

0.150
0.523
0.480
0.374
0.081
0.183
0.279

0.317
0.000
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Figure 1. % of Children Failing milestones overall by age in months*

% Children of Participants failing milestones (overall) by age in months
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*Pink bars represent children in 6-11 month old age group who used the same
questionnaire as one another. Blue lines represent 12-23 month olds who used the
same auestionnaire as one another.

41



9% able to hold up head

en able to roll over
4 8 i

n
3 %

9% of children able to smile

6 8
! !

% children able to stand up
4
A

4 6 8

9% children able to follow instructions

2

=l
.‘mm‘"_l_|_|_|_|_|_|_l
5 7 8 9 10 n v . 19 o 2 2 2
-
NLMM‘“‘“
ol
5 7 8 9 10 n 1 v . 19 o 2w 2 o2

Figure 2. % Children attaining each milestone by ge in months

% Children of participants able to hold up head, by age in months
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