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ABSTRACT
Objectives: Public health research on child health is
increasingly focusing on the long-term impacts of
infectious diseases, malnutrition and social deprivation
on child development. The objectives of this
exploratory study were to (1) implement the Ages and
Stages Questionnaires (ASQ) in children aged
3 months to 5 years in a low-income Peruvian
population and (2) to correlate outcomes of the ASQ
with risk factors such as nutritional status, diarrhoea
incidence and wealth index.
Setting: Primary data collection was carried out in the
Pampas de San Juan de Miraflores, a periurban lowincome community in Lima, Peru.
Participants: The study population included 129
children selected through community census data, with
a mean age of 22 months (SD 6.8) and with almost
equal gender distribution (51% males).
Intervention: A Peruvian psychologist administered
the age-appropriate (ASQ2 for participants enrolled in
2009, ASQ3 for participants enrolled in 2010).
Results of the ASQ are reported separately for five
scales, including Communication, Gross Motor, Fine
Motor, Problem Solving and Personal-Social.

Primary and secondary outcome measures:
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For each scale, results are reported as normal or
suspect, meaning that some milestone attainment
was not evident and further evaluation is
recommended.
Results: Overall, 50 of 129 children (38.7%) had
suspect results for at least one of the five scales, with
the highest rates of suspect results on the
Communication (15.5%) and Problem Solving scales
(13.9%). Higher rates of suspect outcomes were seen
in older children, both overall ( p=0.06) and on
Problem Solving ( p=0.009), and for some scales there
were trends between suspect outcomes and wealth
index or undernutrition.
Conclusions: The ASQ was successfully applied in a
community-based study in a low-income Peruvian
population, and with further validation, the ASQ may
be an effective tool for identifying at-risk children in
resource-poor areas of Latin America.

Strengths and limitations of this study
▪ We demonstrated the feasibility of conducting
developmental screening with a simple
questionnaire-based test in a low-income periurban paediatric population in Peru, using a standardised and systematic study design.
▪ The availability of demographic data and clinical
data on nutrition and diarrhoeal diseases allowed
us to evaluate correlations between potential risk
factors and adverse outcomes in five different
developmental screening scales.
▪ As a pilot study with limited funding, the project
sample size was limited.
▪ Limited resources also did not allow us to validate the Ages and Stages Questionnaires against a
standardised developmental assessment tool.

INTRODUCTION
Public health research on child health is
increasingly focusing on the long-term
impact of infectious diseases, malnutrition
and social deprivation on psychosocial outcomes such as child development. Studies
carried out in the 1990s to assess the effect
of anthelmintic drugs on growth, development and academic performance of children
with intestinal helminths1 2 have spurred
interest in looking at potential relationships
between developmental outcomes and other
common diseases of children from resourcepoor areas, such as diarrhoea, respiratory
infections and malaria.3
Developmental screening tests have been
used for decades to help identify children
with developmental or behavioural disabilities. Prior to the development of screening
tests, detection of developmental delays was
based on unstandardised physician knowledge and individual informal screening tests.
This non-standardised approach in detecting
developmental delays results is generally
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unreliable, and early research suggests that physicians
who use clinical judgement alone detect less than 30%
of children with developmental impairments.4
One of the challenges of research studies exploring
developmental outcomes is the need for simple tools
that can adequately screen a child’s developmental
status and identify at-risk children in a clinic or community setting. This initial screening process allows clinicians to ﬁnd at-risk children who can then receive a
more complete developmental assessment using tools
such as the Bayley Scales of Infant and Toddler
Development. The ﬁrst widely used developmental
screening test used for this purpose, the Denver
Developmental Screening Test, was created in the 1960s
through the synthesis of 12 developmental and preschool intelligence tests to standardise the screening
process.5 While the Denver test was generally effective in
the USA, there were several different instances where
the tool proved to be problematic in the screening of
different ethnic groups.6–8
In recent years, traditional developmental screening
tests such as the Denver Developmental Screening Test
II are being replaced in many practice settings by
simple, questionnaire-based tests. One of these tests, the
Ages and Stages Questionnaires (ASQ2 and ASQ3) was
developed as an alternative-screening tool in the 1980s
and revised in 2009, culminating in the ASQ3.9 Recent
literature suggests that the ASQ is an appropriate screening tool for different cultures and has been used widely
in a variety of countries including Brazil, Norway, Korea,
Taiwan, India and Ecuador.8 10 The ASQ is available in
Spanish and English, which makes application possible
in diverse Spanish-speaking populations in Latin
America. In a study in the Cayambe-Tabacundo region
in Ecuador, investigators found an association between
stunting or low birthweight and low maternal education
with deﬁcits in gross motor and communication skills
using the ASQ.11 Another study in Brazil similarly found
that cognitive performance later in childhood is correlated with incidence of diarrhoea before the age of
2 years.3 A 14-year cohort study based in a Brazilian
shantytown found that there was impairment in semantic
but not phonetic ﬂuency among children who had frequent diarrhoea,12 suggesting that early childhood diarrhoea may have an inﬂuence on language development.

MATERIALS AND METHODS
In this preliminary study we applied the ASQ2 and
ASQ3 and explored potential correlations between
typical child developmental milestones and either diarrhoea incidence or undernutrition in a high-risk
Peruvian population. The study participants were children aged 3 months to 5 years enrolled in a locally
funded ongoing parasitic and viral diarrhoea surveillance project in the Pampas de San Juan de Miraﬂores
in Lima, Peru. Wealth index information is based on the
classiﬁcation by Pantazis et al,13 classifying children into
2

groups of more deprivation and lesser deprivation based
on access to basic necessities, rather than on monetary
income. Diarrhoea incidence rates are based on parental reports from data recorded during the previous year.
Classiﬁcation of undernutrition is based on CDC reference standards, using less than 90% of the mean
weight-for-age as the cut-off value for undernutrition
based on Gomez criteria widely used in Latin America.14
Potential participants were identiﬁed from a convenience sample that included children in the target age
group identiﬁed through the diarrhoea study database.
Following verbal parental informed consent, a Peruvian
psychologist administered the age-appropriate ASQ
(ASQ2 for participants enrolled in 2009, ASQ3 for participants enrolled in 2010) in the home setting, and staff
conducting the test solicited parent input when needed
to supplement behavioural observations. The questionnaire takes about 30 min to administer. Results of the
ASQ are reported separately for ﬁve scales, including
Communication, Gross Motor, Fine Motor, Problem
Solving and Personal-Social. For each scale, results are
reported as normal or suspect. ‘Suspect’ results indicate
that the child’s score was below the cut-off score established for the ASQ3 in the US population, some milestone attainment was not evident, and further evaluation
is recommended. The mother received an explanation
of the results in addition to a list of suggestions for
further testing, if necessary. Data were entered into a
database using Microsoft Excel and analysed using
STATA V.11.0 with dichotomous variables analysed by
Fisher’s exact test and continuous variables by
Mann-Whitney U test, where appropriate.

RESULTS
The average age of the 129 children enrolled was
22 months (SD 6.8) and there were slightly more males
than females enrolled (table 1). Seventy-seven children
(59.7%) were assessed with the ASQ2, and the remainder with the ASQ3. According to the wealth index, the
population was fairly equally divided between the two
groups (ie, lower and higher wealth attainment). Almost
one-quarter of the children had mild malnutrition based
on weight-for-age, using Center for Disease Control
growth standards.
Overall, 50 children (38.7%) had suspect results for at
least one of the ﬁve scales. Suspect results were found in
20 children for the Communication scale (15.5%), 5 for
Gross Motor (3.8%), 13 for Fine Motor (10%), 18 for
Problem Solving (13.9%) and 7 for the Personal-Social
scale (5.4%). Thirteen children had delays in more than
one scale. When the 50 children with at least one
suspect result were compared with the 79 children with
no suspect results, no signiﬁcant differences were seen
based on mean age, sex, test used, wealth index, diarrhoea rate or rate of undernutrition. However, when age
was examined as a stratiﬁed variable (<20 vs ≥20

Kyerematen V, Hamb A, Oberhelman RA, et al. BMJ Open 2014;4:e004132. doi:10.1136/bmjopen-2013-004132

BMJ Open: first published as 10.1136/bmjopen-2013-004132 on 10 January 2014. Downloaded from http://bmjopen.bmj.com/ on September 25, 2022 by guest. Protected by copyright.

Open Access

Table 1 Demographic characteristics of the study
population
Characteristic

N (%)

Age, in months (mean±SD)
Age (months)
<20
≥20
Sex
Male
Female
Questionnaire used
ASQ2
ASQ3
ASQ results
Normal
Suspect
Wealth index
Lowest (poorer)
Highest (richer)
Diarrhoea rate (year)
Mean±SD
Undernutrition
No (normal)
Yes (grade 1)

22.6±6.8
50 (38.8)
79 (61.2)
66 (51.2)
63 (48.8)
77 (59.7)
52 (40.3)
79 (61.2)
50 (38.8)
71 (55.0)
58 (45.0)
9.2 (6.3)
99 (76.7)
30 (23.3)

ASQ, Ages and Stages Questionnaires.

months), a trend towards higher rates of suspect outcomes in the older children was seen ( p=0.06; table 2).
We also compared children with suspect results versus
normal results for each of the ﬁve scales. In most cases
no signiﬁcant differences were observed between
groups, and few variables with signiﬁcant differences or
trends towards signiﬁcant differences are presented in

table 2. For the Problem Solving scale, children with
suspect results were signiﬁcantly older (mean 28.1 vs
21.7 months, p=0.001) than children with normal
results. Trends towards signiﬁcant differences were
observed on the Communication scale based on wealth
index, and also on the Gross Motor scale based on the
presence of undernutrition.

DISCUSSION
Our ﬁndings indicate a trend towards association
between age and at least one suspect outcome on any of
the ﬁve scales in this low-income Peruvian population.
This is likely related to the strong association between
older age group (≥20 months) and suspect outcome on
the Problem Solving scale. A commonly missed question
in the range 24–33 months tests the child’s ability to
integrate by asking the child to identify an unﬁnished
snowman. Children in the Pampas de San Juan community are usually unfamiliar with a snowman, so it may be
unrealistic to expect a child to recognise an unﬁnished
snowman. That particular question had one of the
highest frequencies of incorrect answers as deﬁned by
the ASQ3, suggesting the need for other potentially culturally biased questions to be re-evaluated for relevance
in different settings. While the ‘snowman question’ may
have contributed to the high rate of suspect results on
the problem solving scale, this question was not the sole
reason for the results observed since children would
have to miss several other items in that domain to fall
into the ‘suspect’ category.
The association between wealth index and suspect
outcome on the communication scale was very close to

Table 2 Outcomes with trends towards significant differences
Characteristic

Suspect

Normal

p Value

Overall ASQ (at least one suspect result on any scale)
Age (months)*
<20
≥20
Communication
Sex
Male
Female
Wealth index†
Lowest (poorer)
Highest (richer)
Gross Motor
Undernutrition (Gomez)†
No (normal)
Yes (grade 1)
Problem Solving
Age (months)†
<20
≥20

N=50

N=79

14 (28.0%)
36 (72.0%)
N=20

36 (45.6%)
43 (54.4%)
N=109

0.06 (NS)

14 (70.0%)
6 (30.0%)

52 (47.7%)
57 (52.3%)

0.09 (NS)

15 (75.0%)
5 (25.0%)
N=5

56 (51.4%)
53 (48.6%)
N=124

0.06 (NS)

2 (40.0%)
YI3 (60.0%)
N=18

97 (78.2%)
27 (21.8%)
N=111

0.08 (NS)

2 (11.1%)
16 (88.9%)

48 (43.2%)
63 (56.8%)

0.009

ASQ, Ages and Stages Questionnaires.
* Fisher Exact Test was used for calculations.
†
Mann-Whitney U Test was used for comparison.
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signiﬁcant ( p value=0.06) and a larger sample size
would likely result in statistical signiﬁcance. Interestingly,
the two scales with the highest rates of at-risk ﬁnding in
our study were the same ones that were most commonly
ﬂagged as ‘delayed’ in the Ecuador study
(Communication and Problem Solving), especially in
the older (≥20 months) children. There was also a trend
towards signiﬁcance ( p=0.08) on the gross motor scale
based on malnutrition. This is consistent with the
current literature that suggests malnutrition is associated
with delayed growth, which may in turn be associated
with delays in gross motor skills.
This exploratory study has several limitations. Our
limited sample size may not have allowed detection of
differences that would have been evident with a larger
population, as suggested by many associations that were
not signiﬁcant at the p<0.05 level but with p values less
than 0.10. Although the current literature suggests that
the ASQ may have cross-cultural validity, the ASQ test
has not been validated in this Peruvian population, and
the total sample size was limited by logistics and fundings. Differences between the ASQ2 and the ASQ3 may
have inﬂuenced study results, although the ASQ authors
found few signiﬁcant differences between the ASQ2 and
ASQ3, which supports the logic of combining the two
samples. This convenience sample did not allow for validation and reliability studies that would be needed to
adapt the current test to our population. Despite these
limitations, we were able to apply this developmental
screening tool in a community-based study in a lowincome Peruvian population, and with further validation
to study cut-off scores and any necessary adaptations
with a larger, normative sample the ASQ may be an
effective tool for identifying at-risk children in resourcepoor areas of Latin America.
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