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Figure 2. Distribution curves and percentile point estimates of ages of attainment of the milestone imitate
gestures during play, such as clapping hands and making faces.

In phase two, we used the previously reported prevalence rates for developmental delay 2% %,
to conduct a power analysis for the diagnostic accuracy of the GMCD. We determined that
sufficient power (80%) would be achieved with 150 children per age group—6-17, 18-29 and
30-42 months—if the prevalence of delay was 15% and 450 children if the prevalence was 5%
(Figure 3, Graph A). We varied the magnitude of sensitivity (0.80, 0.75, 0.70) to examine the
width of precision around sensitivity of 0.80 as measured by the 95% confidence interval
(95% CI) for various sample sizes (Figure 3, Graph B). Sufficient power and precision were
projected for phase two with the sample size of at least 450 children in each age group.
Delayed development on the GMCD was prespecified as not attaining one or more
milestones in any of the domains within the child's age interval. The children's ages were
rounded to completed months and their corrected ages were used for prematurity. The
Bayley-III had not been standardised in the four countries at the time of the study and
controversy existed about which Bayley-III cut-off should be used to categorise
developmental delay 2*. We therefore examined sensitivity and specificity for three different
Bayley-III cut-off points. Subscale scores of 3 and 4 indicate less than and equal to —2
standard deviations, respectively, and subscale score of <5 indicates borderline delay *°. A
delay on the CDA was prespecified as a score <3, <4 or <5 on one or more of the Bayley-III
expressive, receptive language, fine, or gross motor subscales and a delay in the clinical
judgement. Sensitivity and specificity values, as well as 95% Cls, were generated for the total
sample and three age ranges. We chose 6-17, 18-29 and 30-42 months because the
recommended age for developmental surveillance begins at six months and includes
screening at nine, 18 and 30 months #. Analyses were conducted with SAS version 9.4.2
(SAS Institute, North Carolina, USA) and Markov Chain Monte Carlo (MCMCpack), and the
Bayesian Estimate Supersedes the t-Test (BEST) packages in R statistical software, version
3.3.1 (R Foundation, Vienna, Austria).
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Figure 3 Graph A shows the power achieved at different prevalence levels of developmental delay (y-axis) by sample size (x-axis) to detect the minimum sensitivity of
0.80. The line graphs in red, green and blue show the power for 5%, 10% and 15% prevalence in developmental delay, respectively. The sample size of 450 per
developmental age group achieved the power of 0.80, 0.98 and 1.0 for the respective prevalence. Graph B shows the width of the 95% confidence interval (95% CI)
precision around sensitivity (y-axis) by sample size (x-axis). The lines in red, green and blue show the magnitude of the width in the 95% Cl around sensitivity of 0.80,
0.75 and 0.70, respectively. The sample size of 450 in each developmental age group corresponds to the precision width ranging from 0.18 to 0.22 around the respective
sensitivity levels.
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Results

This was a two-phase back-to-back study and the second phase, which is the main subject of
this paper, focused on assessing the sensitivity and specificity of the GMCD. The GMCD was
constructed during phase one using data on the 4949 children (59.0% male) who met the
health criteria. These represented 48.3% of the 10 246 that were originally recruited from
Turkey, Argentina, India and South Africa. Further details of phase one of this study have
previously been published 4,

Of the 1739 children (52% male) that were specifically enrolled for phase two of the study,
eight had missing data and were excluded, leaving a final sample size of 1731, with 593 from
Turkey, 467 from India, 361 from South Africa and 310 from Argentina.

The sociodemographic characteristics of the phase two sample are summarised in Table 3.
The median age of the sample was 21 months (interquartile range 12-31 months). Sample
sizes for the age ranges, the percentage of children identified as delayed using the GMCD and
CDA, and the sensitivity and specificity results are shown in Table 4. The GMCD identified
that 30.4% of children in the phase two sample were delayed. Using the Bayley-III scale
scores of <3, <4 and <5, the CDA categorised 4.0%, 6.6% and 11.0% of children as delayed,
respectively. The agreement between the clinicians’ clinical judgment and the Bayley-III
scaled scores of <3, <4 and <5 were 83.5%, 85.6% and 87.3%, respectively.

When we combined the Bayley-III cut-off of <4 and the clinical judgment used in the CDA,
the overall sensitivity and specificity for the total sample were 0.79 and 0.73, respectively.
The sensitivity increased to 0.87 when the more stringent Bayley-III cut-off of <3 was used
for the CDA and it decreased to 0.72 when the cut-off of <5 was used to include more
borderline cases. Specificity levels varied from 0.72 to 0.75. There were differences in
sensitivity and specificity for the three age ranges. For the middle age group (18-29 months),
both the sensitivity and specificity were above 0.80, except for the cut-off of <5 (specificity
0.74). For those over 30 months, the sensitivity for identifying delayed children was very
high at all cut-off levels (1.00-0.93), while the specificity was lower, between 0.69 and 0.71.
For the youngest group (six to 17 months), the sensitivity was high (0.80) when the more
stringent <3 cut-off was used but decreased to 0.71 and 0.64 when <4 and <5 were used,
respectively. In this younger age group, the specificity of the GMCD was between 0.68 and
0.70 using the three different Bayley-III cut-offs.

Discussion

The internationally constructed Guide for Monitoring Child Development featured in this
study aims to monitor and support children's development and identify developmental
difficulties. The previously reported first phase of this study * standardised the monitoring
component of the GMCD, and the current study reported here examined its sensitivity and
specificity in four countries with different cultural and linguistic characteristics. Our
comparisons of the median ages of attainment in phase one provided indications of
similarities in early child development across cultures and those findings have been
previously been published *4. However, it was not evident before the current study, whether
the instrument developed could take into account similarities and differences between
countries and sexes in identifying when a child was delayed.
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Table 3 Sociodemographic characteristics of Phase 2

Phase 2 sample (N = 1731)

Total Argentina India South Africa Turkey
n (%) n (%) n (%) n (%) n (%)
Total 1,731 (100.0) 310 (18.0) 467 (27.0) 361 (21.0) 593 (34.0)
Sext
Female 825/1,726 (47.8) 144 (46.5) 210 (45.0) 182/356 (51.1) 289 (48.7)
Male 901/1,726 (52.2) 166 (53.5) 257 (55.0) 174/356 (48.9) 304 (51.3)
Child's age (months)
6-12 487 (28.1) 124 (40.0) 83 (17.8) 97 (26.9) 183 (30.9)
13-24 543 (31.4) 111 (35.8) 144 (30.8) 107 (29.6) 181 (30.5)
25-42 701 (40.5) 75 (24.2) 240 (51.4) 157 (43.5) 229 (38.6)
Mother's age (years)*
<19 45/1,709 (2.6) 35/307 (11.4) 0 (0.0) 10/342 (2.9) 0 (0.0)
20-34 1,287/1,709 (75.3) 215/307 (70.0) 378 (80.9) 263/342 (76.9) 431 (72.7)
>35 377/1,709 (22.1) 57/307 (18.6) 89 (19.1) 69/342 (20.2) 162 (27.3)
Mother's education (years)
<12 550 (31.8) 184 (59.4) 59 (12.6) 138 (38.2) 169 (28.5)
>12 1,181 (68.2) 126 (40.6) 408 (87.4) 223 (61.8) 424 (71.5)

Data are n (%) or n/N (%) when N is different from the total N given at the top of the column.
TData for 5 children missing.
*Data for 22 children missing.
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Table 4 Sensitivity and specificity of the GMCD compared to the CDA

Bayley-lll <3 Bayley-lll <4 Bayley-lll <5
N GMCD +%  CDA+%  Sensitivity (95%(Cl) Specificity (95%Cl) CDA+%  Sensitivity (95%Cl) Specificity (95%(Cl) CDA+%  Sensitivity (95%Cl) Specificity (95%Cl)
Total sample 1,731 304 40 0.87 (0.77-0.94) 072 (0.70-0.74) 6.6 079 (0.70-0.86)  0.73 (0.71-0.75) 110 0.72 (0.65-0.78)  0.75 (0.73-0.77)
6-17 months 719 339 42 0.80 (0.61-0.92)  0.68 (0.64-072) 7.2 0.71 (0.57-0.83)  0.69 (0.65-0.72)  12.0 0.64 (0.52-0.74)  0.70 (0.66-0.74)
18-29 months 540 233 52 0.89 (0.72-0.98) 0.80 (0.77-0.84) 8.3 0.82 (0.68-0.92) 0.82 (0.78-0.85) 14.0 0.74 (0.63-0.84) 0.85 (0.82-0.88)
30-42 months 472 331 25 1.00 (0.74-1.0) 0.69 (0.64-0.73) 36 0.94 (0.71-1.0) 0.69 (0.65-0.73) 5.7 0.93 (0.76-0.99)  0.71 (0.66-0.75)

GMCD+: Proportion of children that had not attained one or more milestones on the GMCD age interval.
CDA+: Proportion of children that had a Bayley-lll scaled score at specified level in any subscale and a clinical decision of developmental delay.
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The main strengths of phase one #, which set the scene for this study, included the fact that
the sample size was one of the largest used in instrument development studies in children 2>
26 and that stringent health criteria were applied. The cross-sectional design minimised
potential for the reporting and selection biases that may be present in longitudinal designs
with repeated questioning and recruitment or retention of more compliant families. The
limitations of the standardisation sample have been reported in detail ** and included our
inability to involve lower income countries and rural settings, smaller numbers of older
children due to exclusions for health conditions and fewer healthcare visits and our inability
to exclude conditions such as iodine deficiency or iron deficiency without anaemia. We did
not exclude children with psychosocial risk factors from phrase one, because factors such as
poverty, low caregiver education, caregiver depression and deficiencies in the nurturing care
environment are extremely prevalent in low-income and middle-income countries ' . Future
studies are needed to understand the effect of psychosocial risks and protective factors on the
GMCD results.

The phase two results indicate the notable accuracy of the GMCD in identifying
developmental delay, when compared to a comprehensive developmental assessment, despite
its brevity and simplicity. They also highlight its potential for worldwide use and the fact that
it is comparable to existing screening instruments 2"2°, The accuracy was satisfactory for
children with borderline delays, high for significant delays and best for children aged 18-

29 months, which is a critical period for the early identification of developmental disorders.
Its sensitivity was high in children over 29 months, even for those with borderline delay. The
lower specificity for borderline delay in younger ages seen in our study has previously been
reported and may be due to rapid development 2°. Concerns raised by the lower specificity of
developmental screening have been refuted, as these children have higher rates of
developmental needs, even without a diagnosis *°. Specificity would have invariably
increased if an assessment had been repeated. We recommend that when a delay is identified,
biopsychosocial risk factors should be addressed, support is provided for nurturing care and
the GMCD is repeated again a month later.

The phase two strengths included the sample size, which allowed us to compute total sample
and age interval accuracy, and the fact that this study was one of the largest of studies to
examine accuracy 225282 Qur use of a CDA and different Bayley-III cut-off scores
addressed the recognised problem of only using test scores and single cut-offs 2427 2°,
Recruitment of children from clinics that were similar to those in which the GMCD will be
used enhanced its generalisability. The prevalence of developmental delay would have been
higher if we had used a sample enriched with developmentally delayed children, enabling
smaller sample sizes. However, as Limbos et al. have pointed out, the accuracy of the results
from such samples may not be generalisable to real-life practice 28, The main limitation of
phase two was our inability to examine accuracy separately in each country sample due to
inadequate sample sizes. The difficulties involved in participating in lengthy developmental
evaluations hindered recruitment and this was particularly noticeable in the smaller numbers
of older children, who attend fewer healthcare appointments. The sample size estimates were
based on a minimum expected prevalence of 5% with developmental disorders 22, but the
prevalence was lower among children over 29 months and this resulted in the need for a
larger sample size. This low prevalence of developmental delay must be interpreted with
caution, as there could have been recruitment bias, due to caregivers of children with chronic
ilinesses or developmental delays being less likely to agree to a lengthy comprehensive
developmental evaluation.
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Conclusion

The international standardisation of the Guide for Monitoring Child Development, and this
multicountry study, which has established its accuracy in identifying children with
developmental difficulties, means that it can be used in other countries. The GMCD offers an
alternative to investing energy, funds and time in restandardising and revalidating tools in
every country. Its use goes beyond merely identifying developmental delays and referring
children to specialist services. The uniqueness of the GMCD and its novel approach to the
field is that it has been specifically constructed to encompass bioecological, strengths-based
and family-centred theories. It provides open-ended questions, a conversational style that can
be used to build rapport with caregivers and obtain information about a child's development
and functional milestones. These elements should enable clinicians to seamlessly provide
caregivers with specific information to promote their child's development. The GMCD builds
capacity in frontline service providers by giving them a comprehensive, integrated approach
to promoting nurturing care, monitoring, early identification, early intervention, links to other
services and follow-up. We hope that this approach will lead to conceptual advances in the
field and provide greater potential to address child development in low-income and middle-
income countries than approaches that rely on screening with checklists and referral to
services, which are frequently scarce. Research is needed to determine how the GMCD can
be implemented within healthcare systems. We also need to determine whether its
implementation can contribute to narrowing the gap between low- and middle-income
countries and high-income countries in addressing the developmental needs of individual
children.
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