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Findings In this diagnostic accuracy study of 1495 families enrolled from primary care settings, trade-offs
in sensitivity and specificity were observed among 3 screening tools (Ages and Stages Questionnaire,
Third Edition, Parents' Evaluation of Developmental Status, and Survey of Well-being of Young Children:
Milestones), but no one questionnaire emerged as superior overall. All questionnaires displayed specificity
higher than 70%, but sensitivity exceeded 70% only for the Parents' Evaluation of Developmental Status
with respect to severe delays and for the Survey of Well-being of Young Children: Milestones with respect
to severe delays among children younger than 42 months.

Meaning Results of this study suggest that all 3 developmental screening questionnaires offer modest

advantages to pediatric practitioners for detecting developmental delays.

Abstract

Importance Universal developmental screening is widely recommended, yet studies of the accuracy of
commonly used questionnaires reveal mixed results, and previous comparisons of these questionnaires
are hampered by important methodological differences across studies.

Objective To compare the accuracy of 3 developmental screening instruments as standardized tests of
developmental status.

Design, Setting, and Participants This cross-sectional diagnostic accuracy study recruited consecutive
parents in waiting rooms at 10 pediatric primary care offices in eastern Massachusetts between October 1,
2013, and January 31, 2017. Parents were included if they were sufficiently literate in the English or
Spanish language to complete a packet of screening questionnaires and if their child was of eligible age.
Parents completed all questionnaires in counterbalanced order. Participants who screened positive on any
questionnaire plus 10% of those who screened negative on all questionnaires (chosen at random) were in-
vited to complete developmental testing. Analyses were weighted for sampling and nonresponse and
were conducted from October 1, 2013, to January 31, 2017.

Exposures The 3 screening instruments used were the Ages & Stages Questionnaire, Third Edition (ASQ-
3); Parents' Evaluation of Developmental Status (PEDS); and Survey of Well-being of Young Children
(SWYCQ): Milestones.

Main Outcomes and Measures Reference tests administered were Bayley Scales of Infant and Toddler
Development, Third Edition, for children aged O to 42 months, and Differential Ability Scales, Second
Edition, for older children. Age-standardized scores were used as indicators of mild (80-89), moderate
(70-79), or severe (<70) delays.
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primarily female (1325 [88.7%]), with a mean (SD) age of 33.4 (6.3) years. Of the 20.5% to 29.0% of chil-
dren with a positive score on each questionnaire, 35% to 60% also received a positive score on a second
questionnaire, demonstrating moderate co-occurrence. Among younger children (<42 months), the speci-
ficity of the ASQ-3 (89.4%; 95% Cl, 85.9%-92.1%) and SWYC Milestones (89.0%; 95% Cl, 86.1%-91.4%)
was higher than that of the PEDS (79.6%; 95% Cl, 75.7%-83.1%; P<.001 and P=.002, respectively), but
differences in sensitivity were not statistically significant. Among older children (43-66 months), speci-
ficity of the ASQ-3 (92.1%; 95% Cl, 85.1%-95.9%) was higher than that of the SWYC Milestones (70.7%;
95% Cl, 60.9%-78.8%) and the PEDS (73.7%; 95% Cl, 64.3%-81.3%; P<.001), but sensitivity to mild de-
lays of the SWYC Milestones (54.8%; 95% Cl, 38.1%-70.4%) and of the PEDS (61.8%; 95% Cl,
43.1%-77.5%) was higher than that of the ASQ-3 (23.5%; 95% Cl, 9.0%-48.8%; P=.012 and P=.002, re-
spectively). Sensitivity exceeded 70% only with respect to severe delays, with 73.7% (95% Cl,
50.1%-88.6%) for the SWYC Milestones among younger children, 78.9% (95% Cl, 55.4%-91.9%) for the
PEDS among younger children, and 77.8% (95% Cl, 41.8%-94.5%) for the PEDS among older children.

Attending to parents' concerns was associated with increased sensitivity of all questionnaires.

Conclusions and Relevance This study found that 3 frequently used screening questionnaires offer ade-
quate specificity but modest sensitivity for detecting developmental delays among children aged 9
months to 5 years. The results suggest that trade-offs in sensitivity and specificity occurred among the
questionnaires, with no one questionnaire emerging superior overall.

Introduction

Accurate instruments are widely recognized as essential if universal developmental screening is to fulfill
its goals. The value of a questionnaire’s results for case conceptualization, decision-making, and ulti-
mately service receipt depends on the questionnaire's ability to yield accurate information.! Thus, organi-
zations such as the US Preventive Services Task Force? and the Canadian Task Force on Preventive Health
Care? carefully consider evidence on the screening instruments' sensitivity and specificity when making

determinations about their overall effectiveness in improving children’s health.

Studies that estimate the sensitivity and specificity of developmental screening questionnaires abound,
yet few publications meet consensus reporting guidelines for diagnostic accuracy, such as the revised
Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2).# For example, a range of evidence is fre-
quently cited to support the Ages & Stages Questionnaire (ASQ) and the Parents' Evaluation of
Developmental Status (PEDS), 2 of the most widely used developmental screening questionnaires in
pediatrics.5'6 This body of research includes samples derived from primary care and specialty populations,

o— EE . D
° a
o—

Sections PDF Share


javascript:;
javascript:;
javascript:;

evidence (and explicitly citing publishers' manuals and websites), the American Academy of Pediatrics
(AAP) consensus statement on developmental screening reports that the ASQ displays a sensitivity range
of 0.70 to 0.90 and a specificity range of 0.76 to 0.91, whereas the PEDS displays a sensitivity of 0.96
and a specificity of 0.83.” These values are above the 0.70 threshold commonly recommended to repre-
sent adequate sensitivity and speciﬁcity.8

To assess the effectiveness of universal developmental screening in primary care settings, a meta-analysis
included only studies that were conducted in low-risk populations and used a standardized diagnostic
evaluation.® That meta-analysis identified only 4 studies that met the inclusion criteria, all of which as-
sessed the ASQ's accuracy and 1 of which also assessed the accuracy of the PEDS. For the ASQ, the meta-
analysis found a median sensitivity of 55.0% (range, 47.1%-66.7%) and a median specificity of 86.0%
(range, 38.6%-94.3%); for the PEDS, it found a sensitivity of 41.1% (95% Cl, 24.7%-59.3%) and a speci-
ficity of 89.3% (95% Cl, 85.1%-92.5%).° The review also noted a high risk of bias in 3 studies in at least 1
QUADAS-2 domain, and a fourth study displayed unclear risk of bias in 3 QUADAS-2 domains. The rela-
tively small number of studies identified echoed the conclusion of an earlier systematic review that con-
cluded "there are surprisingly few published studies that describe the psychometric characteristics of the
developmental screening tests ... and even fewer studies that demonstrate their utility and validity in
clinical settings."m'ﬂ(ng) Because studies with different designs, that were conducted with different pop-
ulations, and that include multiple reference standards scored with varying definitions of developmental
delay cannot be effectively compared using quantitative methods, the precise cause of the discrepancy
between these systematic reviews and the AAP statement is unclear.

To better inform decisions about developmental screening for young children, we conducted a diagnostic
accuracy study with a primary aim of comparing 3 prominent developmental screening instruments: ASQ-
3, PEDS, and the Survey of Well-being of Young Children (SWYC): Milestones,'? a freely available screen-
ing instrument that is included in the most recent AAP guidelines for developmental screening.” All 3 of
these instruments are cited in the Bright Futures guidelines of the AAP.'3 To control for heterogeneity in
methods that challenge meta-analyses, we provided direct comparisons in a single study. As a secondary
aim, we explored the accuracy of (1) PEDS: Developmental Milestones, a follow-up assessment recom-
mended to increase the predictive value of the PEDS, which was included at the request of its author, and
(2) a single question about parent concerns on the SWYC that was recommended by the AAP.'3 We as-
sessed the accuracy of both measures alone and in combination with their parent questionnaire.

Methods

Participants
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English or Spanish language to complete the questionnaires and if their child was of eligible age. Of ap-
proximately 3370 families approached (Figure), 2597 (77%) offered consent to contact and were eligible,
and 1545 (60%) of these families completed a packet of screening instruments. Fifty children with known
developmental delays or autism, as reported by parents, were excluded from further analyses. Every child
with a positive score on at least 1 questionnaire was offered a comprehensive evaluation, and each child
with a negative score on all screening instruments had a 10% chance of selection (Figure). Among the 951
families selected, 642 (68%) completed evaluations.
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Figure. Enrollment and Evaluation

le-Enrollment and Evaluation

Screening packets included age-appropriate questionnaires that assess risk for develop-
mental delay, behavioral disorders, and autism. Standardized developmental tests were

administered during the evaluation.

Study Procedure

Participants were asked to complete a packet of age-appropriate developmental, behavioral, and autism-
specific screening questionnaires in counterbalanced order as well as to answer questions regarding de-
mographic characteristics and race/ethnicity (using National Institutes of Health categories). Parents
could choose to complete the questionnaires in the waiting room or at home and then return the forms
using a prestamped envelope. Study procedures followed QUADAS-2 recommendations® and were ap-
proved by the institutional review board at Tufts University School of Medicine. Written informed consent

was provided by all participants.

Developmental Screening Questionnaires

Developmental screening questionnaires included the ASQ-3 (third edition),'* PEDS,' and SWYC
Milestones'? (eAppendix in the Supplement). Although research suggests that provision of props and toys
may not be necessary for ensuring the accuracy of the ASQ,'° all parents were provided with materials
(eg, blocks, crayons) to facilitate completion of the questionnaire, as recommended in the manual. During
the first phase of the study, the ASQ-2 (the second edition of the ASQ) was administered. The SWYC
Milestones was administered with the question, "Do you have any concerns about your child's learning or
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Developmental Assessment

Research assistants double-entered the data using software with automatic scoring. One of our senior in-
vestigators (R.C.S.) determined which families would be invited for evaluations on the basis of question-
naire results and a random number generator. Child assessment visits were conducted by one of our
trained examiners (including D.G.), supervised by one of our licensed clinicians (S.M.), and videotaped for
later review. Bilingual examiners conducted the assessments with Spanish-speaking families. Protocols
were adapted for Spanish-speaking children to include tests with demonstrated validity for this popula-
tion. Examiners and their supervisors were unaware of the screening results. The median (interquartile
range [IQR]) time from screening to evaluation was 73 (49-113) days.

Developmental Status Tests

Reference tests included the Bayley Scales of Infant and Toddler Development, Third Edition, to evaluate
language and cognitive development for children from 9 through 42 months of age, and the Differential
Ability Scales, Second Edition, for older children. To assess the language development of Spanish-speak-
ing children, we used a published translation of the Differential Ability Scales, Second Edition; a previous
translation of the Bayley Scales of Infant and Toddler Development, Second Edition, cognitive scales; and
the Spanish edition of the Preschool Language Scale, Fifth Edition. Fine and gross motor development
were assessed for all children using the Battelle Developmental Inventory, Second Edition. Scores were
categorized as typical (age-standardized scores of 290), mild (80-89), moderate (70-79), or severe (<70)
delays.

Statistical Analysis

Using Stata, version 15 (StataCorp LLC), we calculated the proportion of positive scores on each question-
naire and the co-occurrence with other questionnaires. Next, sensitivity and specificity for each question-
naire were analyzed and compared. These analyses were conducted separately for children younger or
older than 42 months, because they received different reference tests. Following published

recommendations,”'18

we used generalized estimating equations with logit links to simultaneously esti-
mate true and false positive fractions and their 95% Cls while accounting for clustering by practice. We
included covariates and their interactions with questionnaire type to account for administration in Spanish
and for use of an earlier edition of the ASQ. To account for severity, we separately assessed sensitivity to
mild, moderate, and severe delays and then calculated specificity among children with no evidence of

delay.

From these statistics, we also calculated positive predictive value, negative predictive value, positive like-

19,20

lihood ratio, and negative likelihood ratio with respect to mild to severe delays. We calculated the
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dom selection of children with a negative score—ie, planned missing data). Following published recom-
mendations, we addressed unplanned missing data (eg, declining to attend the evaluation) by multiple
imputation with chained equations using models that included variables predicting both missingness and
outcome variables.22 These variables included developmental questionnaire scores, parents’ concerns,
parents' perceptions of screening, and demographic variables (income, educational level, and
race/ethnicity). Twenty multiple-imputed data sets were created on the survey-weighted data set. To as-
sess for misspecification, we compared the analyses based on the missing data model with those calcu-
lated through complete case analysis.23

All tests were 2-tailed, and a type | error rate of 0.05 was used to evaluate statistical significance.
Statistical analyses were performed from October 1, 2013, to January 31, 2017.

Results

In total, 1495 families of children aged 9 months to 5.5 years participated. Table 1 presents self-reported
demographic characteristics. The mean (SD) age of the children at enrollment was 2.6 (1.3) years, 779
(52.1%) were male, and approximately one-third were of nonwhite race and/or Hispanic ethnicity (com-
pared with 30% in the Greater Boston metropolitan area and 39% in the United States).2* Parent respon-
dents were primarily married (1022 [68.4%]) and female (1325 [88.7%]), with a mean (SD) age of 33.4
(6.3) years. The sample was diverse with respect to socioeconomic status, with 475 parents (31.7%) re-

porting a high school education or less and 353 (23.4%) reporting a graduate degree.
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Table 1. Baseline Characteristics of Screened Sample

lriBaseline Characteristics of Screened Sample

Logistic regressions revealed the differences in nonresponse at each of the 2 points at which selection bias
was possible. Parents who did not complete the screening packets (n=1052), compared with those who
did (n=1495), were more likely to report younger child age (mean [SD] age, 2.7 [1.4] years vs 2.6 [1.3]
years; P=.001) as well as nonwhite race (345 [32.8%] vs 395 [26.3%]) and Hispanic ethnicity (268
[17.9%] vs 238 [22.6%]; P=.003) (eTable 1in the Supplement). Parents who were offered but declined to
complete comprehensive evaluations for their children (n=309) were more likely than those whose chil-
dren completed evaluations (n=642) to report black race (59 [19.1%] vs 89 [13.9%]; P=.02), being un-
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[SD] age, 32.0 [6.2] years vs 33.5 [6.4] years; P=.001) (eTable 2 in the Supplement). These variables were

included in the models of nonresponse.

Table 2 presents the proportion of children with a positive score on each questionnaire and co-occurrence
with other questionnaires. Among the 20.5% to 29.0% of children with a positive score on 1 question-
naire, the proportion of those who also obtained a positive score on a second questionnaire ranged from
35% to 60%. Parents were more likely to score positive on the PEDS (422 [29.0%]) than in response to
the single SWYC question about concern (127 [8.8%]). Whereas most parents who reported being very
much concerned on the SWYC question also obtained a positive score on each of the 3 primary screening
questionnaires (ASQ-3: 11 [78.6%]; PEDS: 14 [100%]; SWYC: 14 [100%]), the converse was not true; only
a minority of parents whose children had a positive score on 1 of the 3 primary screening instruments re-

ported being even somewhat concerned (ranging from 64 [21.7%] to 108 [25.7%]).
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Table 2. Proportion Screening Positive and Co-occurrence With Positive Scores on Other Questionnaires

lrjProportion Screening Positive and Co-occurrence With Positive Scores on Other Questionnaires

Table 3 presents estimates of sensitivity and specificity for severe, moderate to severe, and mild to severe
(any) delays (see eTables 3 and 4 in the Supplement for adjusted and unadjusted estimates of sensitivity

by severity level). Point estimates suggest that all 3 questionnaires displayed adequate specificity (ie,
>0.70).8 Sensitivity exceeded 70% only with respect to severe delays for the PEDS (78.9%; 95% Cl,
55.4%-91.9%) and for the SWYC Milestones (73.7%; 95% Cl, 50.1%-88.6%) among younger children (<42
months) and for the PEDS among older children (77.8%; 95% Cl, 41.8%-94.5%). Patterns were similar
across adjusted and unadjusted analyses. Questionnaire order was not statistically significant. Although
the estimate of the ASQ-3's sensitivity was higher than that of the ASQ-2, the difference was not statisti-
cally significant. No differences were found between Spanish and English language forms, with the excep-
tion of the Spanish version of the ASQ, which was more sensitive than the English version among younger
children.
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Table 3. Sensitivity and Specificity of Primary Screening Instruments®
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Comparisons between questionnaires revealed that, among younger children (<42 months), the ASQ-3
(89.4%; 95% Cl, 85.9%-92.1%) and the SWYC Milestones (89.0%; 95% Cl, 86.1%-91.4%) were both
more specific than the PEDS (79.6%; 95% Cl, 75.7%-83.1%; P<.001 and P=.002, respectively), but the
differences in sensitivity were not statistically significant. Among older children (43-66 months), the
SWYC Milestones (54.8%; 95% Cl, 38.1%-70.4%) and the PEDS (61.8%; 95% Cl, 43.1%-77.5%) were both
more sensitive to mild delays compared with the ASQ-3 (23.5%; 95% Cl, 9.0%-48.8%; P=.012 and P
=.002, respectively), but the ASQ-3 (92.1%; 95% Cl, 85.1%-95.9%) was more specific than both the
SWYC Milestones (70.7%; 95% Cl, 60.9%-78.8%) and the PEDS (73.7%; 95% Cl, 64.3%-81.3%; P<.001).

In secondary analyses among younger children (<42 months), requiring a positive score on the SWYC
Milestones and a finding of parent concern yielded lower sensitivity to severe delays (57.9%; 95% Cl,
35.5%-77.4%) but higher specificity overall (95.8%; 95% Cl, 93.7%-97.2%). In contrast, defining a posi-
tive result as consisting of either a positive score on the SWYC Milestones or a finding of parent concern
yielded higher sensitivity to severe delays (89.5%; 95% Cl, 66.1%-97.4%) but lower specificity overall
(87.3%; 95% Cl, 84.2%-89.8%). Rescreening children with a positive score on the PEDS with the PEDS:
Developmental Milestones increased specificity (83.9%; 95% Cl, 80.3%-86.9%) but had no effect on
sensitivity (78.9%; 95% Cl, 55.4%-91.9%). Similar patterns were observed among older children (42-66

months).

Table 4 presents positive predictive value, negative predictive value, positive likelihood ratio, and nega-
tive likelihood ratio with respect to any delay. Among children who had a positive score on any of the 3
primary questionnaires, 44.0% to 60.6% had at least a mild delay on the reference tests (ie, positive pre-
dictive value), whereas 77.7% to 80.2% of children with a negative screen tested in the typical range (ie,
negative predictive value). Because these statistics were associated with base rate (which varied across
samples), we also report the likelihood ratios, which are based directly on sensitivity and specificity (not
base rate). Positive likelihood ratio ranged from 1.87 (95% Cl, 1.24-2.83) to 3.95 (95% Cl, 2.86-5.47), indi-
cating that the odds of having a developmental delay were approximately 2 to 4 times higher if a child
had a positive screen. Negative likelihood ratio ranged from 0.83 (95% Cl, 0.69-1.00) to 0.52 (95% ClI,
0.34-0.78), indicating that the odds of having a developmental delay were approximately 20% to 50%
lower if a child had a negative score. Diagnostic odds ratio ranged from 2.9 to 6.3, suggesting mild to

moderate overall accuracy.
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Table 4. Positive Predictive Value, Negative Predictive Value, and Likelihood Ratios With Respect to
Any Delay?
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Discussion

Results of this study suggest that developmental screening questionnaires offer modest advantages to
primary care practitioners for detecting developmental delays. Moderate co-occurrence of positive results
among screening instruments is consistent with previous ﬁndings,25 as is the finding that high levels of
concern are likely to coincide with positive screening scores but that positive screening scores reflect par-
ents' concerns in only a few cases.2® Inclusion of standardized developmental tests allowed us to extend
these findings to address accuracy. Moderately high positive predictive values suggest that a sizable pro-
portion of children with a positive score on the ASQ-3, PEDS, or SWYC Milestones meet the criteria for de-
velopmental delay if formally tested. However, although the sensitivity for severe delays approached or
exceeded 70%, it fell below this mark for moderate and mild delays. Positive and negative likelihood ra-

tios were also modest.

Results also suggest that sensitivity increases when questionnaire results are considered while attending
closely to parent concerns. The PEDS, which exclusively assesses parental concerns, displayed point esti-
mates for sensitivity to severe delays that were higher than the estimates for other questionnaires.
Inclusion of a parent's concern when interpreting the SWYC Milestones results increased this instrument's
sensitivity. However, achieving this level of sensitivity requires the capacity and motivation among practi-
tioners to closely evaluate children whose parents report being somewhat concerned or who endorse as
few as 1 concern as required to obtain a positive score on the PEDS. For many pediatricians, the predictive
value of this comparatively low level of concern may fall below the threshold necessary to justify
action.2/:28

Findings of modest accuracy raise questions about the utility of universal developmental screening. Many
countries outside the United States do not endorse universal screening.3 However, questionnaires with
modest accuracy may still contribute to clinical care. Given that screening is typically conducted in the
context of developmental surveillance (a standard element of a pediatric well-child visit that includes ob-
servation of the child), a screening questionnaire's ability to add relevant information to what is typically
gathered through the clinical examination is important to increase the accuracy of clinical judgment.
Although comparisons to standard pediatric care are outside the scope of the present study, we believe
that the fact that the diagnostic odds ratios reported here exceed those documented in a systematic re-
view of the accuracy of standard pediatric surveillance?? is indirect evidence that screening instruments
can provide useful information. Moreover, these questionnaires may offer other advantages beyond their
psychometric properties. Investigators have long noted that screening instruments' usefulness depends
not only on their accuracy but also on their ability to inform case conceptualization and medical decision-
making.1'30 This idea is consistent with recent research suggesting that screening questionnaires can play
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This study's results suggest trade-offs among screening questionnaires, but no questionnaire was found
to be clearly superior. For example, the PEDS displayed some of the lowest diagnostic odds ratios, yet it
had the highest sensitivity to severe delays. The sensitivity of the ASQ-3 fell below 70% for all delay lev-
els, yet its positive predictive value was uniformly high. These findings suggest differences in scoring
thresholds, which indicate trade-offs between sensitivity and specificity. Other characteristics (such as the
feasibility and face validity of the PEDS, the detailed information on varied domains of development of-
fered by the ASQ-3, and the parallel with the schedule of pediatric visits and comprehensive nature of the

SWYC Milestones) may be equally important when choosing a screening instrument.

Limitations

This study has several limitations. Sample sizes precluded analyses of smaller age groups specific to each
screening form, and they yielded relatively large Cls for many estimates; therefore, point estimates were
subject to significant sampling variation and should be interpreted with caution. Although the study was
designed to generalize to primary care populations, families who reported black race and/or lower socioe-
conomic status were less likely to follow through on referrals for complete evaluations. This factor limited
our ability to address outcomes for these populations. Moreover, the mean child age was slightly older
than that recommended in standard AAP guidelines for screening. In addition, the results diverged from
the findings in some previous studies. Whether this heterogeneity is best explained by the variations in
reference tests or study populations, differences among studies highlight that sensitivity is not a property
of a screening questionnaire but rather a description of how that screening instrument performs in a given
context, for a given use, and with a given population. In the absence of consistent results across studies,
stable psychometric properties of any particular questionnaire should not be assumed.

This study was also limited by the developmental tests that served as reference standards. Questions
have been raised about inflated scores for the Bayley Scales of Infant and Toddler Development, Third
Edition,3* which may have affected our results. More generally, lack of perfect reliability among reference
standards is known to depress estimates of sensitivity and specificity3>+3¢; however, violations of condi-
tional independence (eg, from residual effects of severity after accounting for delay status) can, in turn,

inflate such estimates.!” These factors add a degree of uncertainty to the findings.

Conclusions

This study's results suggest that developmental screening instruments may offer valuable information to
pediatric practitioners, although these findings do not lead to definitive recommendations. As has been
argued previously, screening instruments are, at best, one element in a larger system of care.?3 We rec-

ommend that future research move beyond evaluating the accuracy of screening instruments to using
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