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Abstract
Background  Developmental delay (DD) poses challenges to children's overall development, necessitating early detection and 
intervention. Existing screening tools in China focus mainly on children with developmental issues in two or more domains, 
diagnosed as global developmental delay (GDD). However, the recent rise of early childhood development (ECD) concepts 
has expanded the focus to include not only those with severe brain development impairments but also children who lag in 
specific domains due to various social-environmental factors, with the aim of promoting positive development through active 
intervention. To support this approach, corresponding screening tools need to be developed.
Methods  The current study used a two-phase design to develop and validate the Parent-Reported Indicator of Developmental 
Evaluation for Chinese Children (PRIDE) tool. In Phase 1, age-specific milestone forms for PRIDE were created through 
a survey conducted in urban and rural primary care clinics across four economic regions in China. In Phase 2, PRIDE was 
validated in a community-based sample. Sensitivity and specificity of both PRIDE and Ages and Stages Questionnaires 
(ASQ)-3 were estimated using inverse probability weights (IPW) and multiple imputation (MI) to address planned and 
unplanned missing data.
Results  In Phase 1 involving a total of 1160 participants aged 1 to 48 months, 63 items were selected from the initial item 
pool to create 10 age-specific PRIDE forms. Our Phase 2 study included 777 children within the same age range. PRIDE 
demonstrated an estimated sensitivity and specificity of 83.3% [95% confidence interval (CI): 56.8%–100.0%] and 84.9% 
(95% CI: 82.8%–86.9%) in the identification of DD.
Conclusion  The findings suggest that PRIDE holds promise as a sensitive tool for detecting DD in community settings.

Keywords  Community sample · Developmental delay · Development and validation · Early childhood development · 
Screening tool

Introduction

With the rise of the Early Childhood Development (ECD) 
concept and corresponding global initiatives, the develop-
ment of assessment tools for ECD has become a focus of 
interest [1]. Besides creating population-level metrics for 
assessing development from birth to age three [2], individ-
ual-level screening tools are widely used in the ECD field. 
These clinical tools focus on early detection of develop-
mental delay (DD), which is crucial for assessing language, 
cognitive, motor, and socioemotional development to foster 

improved educational and well-being outcomes for children 
[3].

Significant DD is defined as a performance of two or 
more standard deviations (SD) below the mean on age-
appropriate standardized norm-referenced tests [4]. Delays 
can manifest in a single domain termed isolated develop-
mental delay (IDD), or across multiple domains, known as 
global developmental delay (GDD) [5]. In clinical settings, 
GDD is a commonly used diagnosis indicating an underlying 
developmental disorder or intellectual disability, requiring 
proactive intervention. However, around 20% of children 
may not meet GDD criteria but still experience specific 
learning difficulties [6], as some of these children initially 
exhibit IDD. With the promotion of the ECD concept, which Extended author information available on the last page of the article
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emphasizes nurturing practices to fully develop children's 
potential, it has become crucial to develop tools that can 
screen for both GDD and IDD early and allow for positive 
intervention through nurturing and caregiving principles [7]. 
Moreover, existing tools are primarily validated for clinically 
high-risk populations. From the ECD perspective, it is vital 
to conduct research based on community samples, especially 
for children with IDD.

Currently, the most widely used DD screening tools 
in China are the Denver Developmental Screening Test 
(DDST) [8, 9] and Ages and Stages Questionnaires (ASQ-
3) [10, 11], both adapted from their English versions and 
validated accordingly. However, development patterns 
exhibit linguistic and cultural differences [12]. The DDST 
and ASQ-3 were translated and revised with limited analy-
sis and enhancement of cultural adaptability, particularly 
in the language domain. For example, mastering subject-
verb agreement is a critical milestone in English (e.g., 
adding “-ed” for past tense verbs), but this does not apply 
to Chinese due to different syntactic rules. Conversely, 
Chinese has unique language features that serve as devel-
opmental milestones [13]. The first study on Chinese 
language milestones for children aged 0–5.5 years laid 
the foundation for developing screening tools based on 
Chinese language and culture [14]. As mentioned earlier, 
existing developmental screening tools primarily target 
clinical GDD populations with no validity and reliability 
studies conducted on community-based populations.

The current study aimed to: (1) develop and validate 
a tool suitable for ECD assessment in community set-
tings. This is referred to as the Parent-Reported Indica-
tor of Developmental Evaluation for Chinese Children 
(PRIDE); and (2) conduct a comparative study between 
this tool and the widely used ASQ-3, which has demon-
strated good validity and reliability in both English and 
Chinese versions.

Methods

Phase 1: creation of PRIDE age‑specific milestone 
forms

Study design and participants

We conducted a survey in urban and rural primary care clin-
ics representing four different economic regions in China, 
including 10 sites. Parents of children aged 1 to 48 months 
were sampled with a stratified strategy based on urban/
rural residence, gender, and age group (see Supplementary 

Methods for further details). Item Response Theory (IRT) 
models were employed for parameter estimation of survey 
items. Following previous studies [2, 15, 16], we planned to 
collect 100 participants for each age group, evenly distrib-
uted between males and females. Participants were parents 
who met the following criteria: (1) primary caregivers of 
children aged 1 to 48 months receiving preventive vaccina-
tions or regular check-ups at community hospitals, and (2) 
primary caregivers with basic Chinese reading skills who 
could complete the questionnaire following standardized 
instructions. Data collection took place during preventive 
vaccination/check-up clinics at community hospitals. Doc-
tors asked parents if they were willing to participate in the 
study. Parents who agreed scanned a QR code to fill out the 
questionnaire. Data collection for this phase was conducted 
from October to November 2022.

Measures

The development of PRIDE followed the development 
process of the Survey of Well-being of Young Children 
(SWYC) [17], a comprehensive screening tool designed to 
identify early signs of developmental delays and promote 
early interventions. Based on existing developmental theo-
ries and patterns of children's developmental milestones 
[18, 19], aligning with the time points of routine well-
child visits in China, we created 10 age-specific groups: 
1 − < 4 months (2-month form), 4 − < 6 months (4-month 
form), 6 − < 9 months (6-month form), 9 − < 12 months 
(9-month form), 12 − < 15  months (12-month form), 
15 − < 18 months (15-month form), 18 − < 23 months 
(18-month form), 23 − < 29  months (24-month form), 
29 − < 35 months (30-month form), and 35 − < 47 months 
(36-month form). After the creation of the item pool, expert 
panel review and parent cognitive interview, we obtained 
an initial item pool of 93 developmental milestones (Sup-
plementary Methods). Answers for each item included 
"not yet", "somewhat", "very much", and "don't know/
refuse to answer." An adaptive questionnaire was designed 
to enhance the alignment between data and models while 
minimizing the number of items parents need to complete. 
Adaptive setting logic involves establishing a stop point 
when parents consecutively answer "not yet" for 10 items, 
and a start point when they answer "very much" for 10 
items. Parents filled out the questionnaires using an online 
platform (Fig. 3a). Doctors at all sites underwent standard-
ized online training and were instructed not to provide addi-
tional explanations for questionnaire items. For example, 
if parents had questions about the questionnaire’s content, 
doctors were instructed to answer, "Please answer according 
to your own understanding."
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Statistical analysis

First, we cleaned the dataset (Fig. 1a and Supplementary 
Methods). Item Response Theory (IRT) model [20] was used 
to estimate difficulty parameters (α1, α2) and discrimination 
parameters (β) for each item. Additionally, we estimated the 
developmental age at which there was a 25%, 50%, and 75% 
probability of passing the item (i.e., choosing "very much"). 
Item characteristic curves (ICCs) were drawn to describe the 
probability of each response to each milestone as a function 
of developmental age. Indicators including item response 
rates, model fitness, and differential item functioning (DIF), 
were employed to determine the suitability of each item as 
a parent-reported monitoring milestone (Supplementary 
Methods for further explanation). Next, we calculated the 
item information to determine how much each item con-
tributed to estimating children's developmental age within 
a specific age band. The top ten items with the highest item 
information were selected for each age group. These items 
together formed the questionnaire for that age group sorted 
based on the estimated 50% passing age for each item. 

Ultimately, 10 age-specific forms were created each consist-
ing of 10 items. After obtaining parameters for each item and 
the child's responses to the 10 questions, the IRT model can 
estimate the child's developmental age. If the developmental 
age lags behind the chronological age by 15%, then the child 
is identified as at risk of DD.

Phase 2: validation of PRIDE 
and comparative accuracy of PRIDE 
with ASQ‑3

Study design and participants

In total, five well-baby check clinics in the Zhejiang and 
Fujian Provinces were selected as data collection points. 
Stratified data collection for children aged 1–48 months were 
conducted based on age groups and gender. Each consent-
ing participant scanned a QR code and filled out both the 
PRIDE questionnaire and ASQ-3 questionnaire at the clinic. 
Based on the results of the screening tests, if either of them 

Fig. 1   Enrollment and evaluation flow charts. a Flow chart for age-
specific form creation stage analysis. a Unreasonable data was identi-
fied by (1) over 99% of entries filled out with the same answers; (2) 
data visualization and logical analysis, with the criteria being: any 
answer of "very much" to any of the last 5 questions for children 
under 36  months. b Flow chart for validation analysis. Screening 

tests included age-appropriate PRIDE and ASQ-3 questionnaires that 
assess the risk for developmental delay. Standardized developmental 
tests (the Griffiths Mental Development Scale-Chinese, GDS-C) were 
administered during the evaluation. PRIDE Parent-Reported Indicator 
of Developmental Evaluation for Chinese Children, ASQ-3 Ages and 
Stages Questionnaires
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indicated a positive result (indicating a risk of either IDD 
or GDD), the child was recommended for further diagnostic 
assessment. Based on previous studies and accounting for 
refusal rates [21], we involved the initial random selection 
of 15% of children for diagnostic assessment when negative 
results were obtained from both questionnaires to achieve 
an evaluation percentage surpassing 10% (Fig. 1b). The 
plan was to collect a total of 60 samples for each age group, 
with an equal distribution of boys and girls. Additionally, 
convenience samples were selected for reliability testing, 
including 60 pairs of parents completing the PRIDE ques-
tionnaire simultaneously for inter-rater reliability. In addi-
tion, 60 primary caregivers completed the questionnaire 
again after a 7-day interval for test–retest reliability. The 
inclusion criteria for participants were the same as in phase 
1. Data collection for this phase was completed between 
May 2023 and July 2023.

Measures

The DD screening questionnaire includes PRIDE and ASQ-3. 
The developmental diagnostic assessment utilized the Grif-
fiths Development Scale-Chinese (GDS-C) [22], evaluated by 
qualified pediatricians. The assessment covers five domains: 
locomotor, personal-social, language, eye-hand coordination, 
and performance. Since the practical reasoning domain is not 
assessed for children aged 0–2, the results for this domain 
are not included in the diagnostic criteria calculation for this 
study. The interval between screening assessment and diag-
nostic assessment did not exceed seven days. The diagnostic 
criteria for DD are defined as any one of the five dimensions 
of GDS-C scoring ≤ 2SD, which includes IDD and GDD. 
For GDD, the diagnostic criteria are defined as any two or 
more dimensions of GDS-C scoring ≤ 2SD. Additionally, 
we report diagnostic criteria based on the general quotient 
(GQ) in the supplementary section. Scores are categorized 
as typical (≥ 90), mild (80–89), moderate (70–79), or severe 
(< 70) delays. Other information was collected which included 
demographic characteristics, four parenting risks and three 
severe family risks (Supplementary Methods).

Statistical analysis

First, in line with published recommendations [21], inverse 
probability weights (IPW) were incorporated to address 
planned missing data caused by the sampling strategy 
(evaluating children with a positive score on any screening 
results and randomly selecting children with negative scores) 
and multiple imputation (MI) with chained equations was 
employed to handle unplanned missing data (e.g., declining 
to attend the evaluation). The imputation models included 
screening results, parents’ concerns, and mother’s education 
level to estimate evaluation outcomes. Twenty MI datasets 

were created on the survey-weighted dataset. Subsequently, 
generalized estimating equations with logit links were uti-
lized to estimate true and false positive fractions and their 
95% confidence intervals. Cronbach’s α was calculated to 
estimate the internal consistency and reliability of PRIDE 
and the Kappa coefficient was calculated to estimate the 
test–retest reliability and inter-rater reliability of PRIDE. 
For sensitivity analyses, we first analyzed the sensitivity 
and specificity of PRIDE and ASQ-3 based on the actual 
data. Then, we conducted assumption-based simulations on 
the unassessed samples according to published literature 
[23]. Two assumptions were considered: (1) all unassessed 
children were either true positive or true negative, and (2) 
the prevalence of DD in unassessed children was the same 
as in assessed children. Prevalence of DD, sensitivity, and 
specificity were calculated for both PRIDE and ASQ-3 under 
the two different assumptions, respectively. Additionally, the 
diagnostic odds ratio (positive likelihood ratio divided by 
negative likelihood ratio) was computed as a single indicator 
of test accuracy.

Analyses were performed using Mplus 8.3 [24] for IRT 
model construction and item parameter estimation, R 4.1 
[25] for item response rates, model fit, and DIF indicator cal-
culations, and Stata/MP 17.0 [26] for all other data analyses.

Results

Phase 1 study included 1160 samples [576 females (49.7%) 
and 584 males (50.3%)] (Fig. 1a), while the phase 2 study 
comprised 777 screening samples (337 females, 43.4% and 
440 males, 56.6%) and 179 assessment samples (Fig. 1b). 
In phase 1 initial sample, we identified 174 cases of unrea-
sonable data based on the following criteria: (1) over 99% 
of entries were filled out with the same answers, indicating 
potential response bias; and (2) data visualization and logical 
analysis revealed inconsistencies, specifically any instance 
of "very much" responses for any of the last five questions 
concerning children under 36 months. Descriptions of the 
characteristics of all samples are provided in Table 1. The 
mean age of the children was 17.4 months (SD = 13.3) in 
phase 1 and 16.3 years (SD = 10.7) in phase 2. The samples 
were diverse with respect to socioeconomic status, with 210 
(18.1%) participants having completed junior high school 
education or below; 508 (43.8%) had received high school 
and junior college education; 438 (37.8%) had achieved 
undergraduate education or above, and 4 (0.3%) either did 
not disclose or refused to answer. In phase 2, 59 partici-
pants (7.6%) had completed junior high school education 
or below; 270 (34.8%) had received high school and junior 
college education; 444 (57.1%) had achieved undergraduate 
or above education, and 4 (0.5%) either did not disclose or 
refused to answer.
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A total of 63 items were selected to form 10 age-specific 
forms. ICC of each item is shown in Fig. 2. Supplemen-
tary Table 1 presents detailed information on these items, 
including ICC parameters, ages of attainment, and assign-
ment to forms. A flow chart illustrating the item selection 
process is shown in Supplementary Fig. 1. After an expert 
panel review and parent cognitive interview an initial item 
pool of 93 developmental milestones was generated. Among 
these items, 26 were excluded because of low response rate 
(< 99%), evidence of DIF, or evidence of poor item fit; 4 
were excluded because of lack of item information. Detailed 
information on the 30 items excluded during the selection 
process, estimated 50% passing age of each item and the 
reasons for exclusion is shown in Supplementary Table 2.

Table 2 shows that when adjusted weights using IPW 
and MI with the DD diagnostic criterion, the estimated 
prevalence was 6.7% [95% confidence interval (CI): 
3.9% – 9.5%]. PRIDE demonstrated a specificity of 84.9% 
(95% CI: 82.8% – 86.9%) and a sensitivity of 83.3% (95% 
CI: 56.8% – 100.0%), whereas ASQ-3 demonstrates 91.8% 
specificity (95% CI: 90.0%–93.6%) and 54.9% sensitiv-
ity (95% CI: 32.6% – 77.3%). With the GDD diagnostic 
criterion, the estimated prevalence was 3.4% (95% CI: 
0.9%  –  5.9%). PRIDE demonstrated 81.9% specificity 
(95% CI: 80.1% – 83.6%) and 64.1% sensitivity (95% CI: 
21.0% – 100.0%), while ASQ-3 exhibits a specificity of 

90.4% (95% CI: 88.6% – 92.3%) and sensitivity of 60.5% 
(95% CI: 20.0% – 100.0%).

Frequencies and unadjusted sensitivity and specificity 
analysis results are shown in Supplementary Table 3 for both 
PRIDE and ASQ-3. For sensitivity analysis, Supplementary 
Table 4 and 5 show simulation results with different assump-
tions for PRIDE and ASQ-3. Under assumption B (i.e., the 
prevalence of DD is equal in non-evaluated and evaluated 
children), PRIDE demonstrates a sensitivity of 84.2% and 
a specificity of 84.9% when testing for DD. For GDD, the 
sensitivity of PRIDE is 68.0%, and the specificity is 81.9%. 
The characteristics of unassessed and assessed children are 
described and compared (Supplementary Table 6 for PRIDE 
and Supplementary Table 7 for ASQ-3). Results indicate 
similar characteristics including mother’s education level, 
parent concern, parenting risks and severe family risks 
between these two populations, supporting assumption B.

When applying diagnostic criteria based on GQ, the diag-
nosis encompassed mild-to-severe (any) delays (GQ < 90), 
moderate-to-severe delays (GQ < 80), and severe delays 
(GQ < 70). Frequencies and unadjusted results are presented 
in Supplementary Table 8, while adjusted estimates with 
IPW and MI are provided in Supplementary Table 9. Simu-
lation results under different assumptions are displayed in 
Supplementary Table 10 and 11, respectively.

Cronbach’s α for PRIDE was 0.84, indicating very good 
internal consistency and reliability. For inter-rater reli-
ability caregivers showed agreement in 78.13% of cases, 
exceeding the expected random agreement of 63.92%. The 
calculated Kappa value was 0.39, indicating fair agree-
ment beyond what would be expected by chance (Z = 3.20, 
Prob > Z = 0.0007). Similarly, for test–retest reliability, car-
egivers exhibited agreement in 81.82% of cases, exceeding 
the expected random agreement of 67.04%. The Kappa value 
for test–retest reliability was 0.44, which signifies moderate 

Table 1   Description of demographic characteristics

Data are mean (standard deviation) or n (%)

Variables Phase 1 (n = 1160) Phase 2 (n = 777)

Age, mon 17.4 (13.3) 16.3 (10.7)
Age groups (mon)
  1.0– < 4.0 132 (11.4) 66 (8.5)
  4.0– < 6.0 116 (10.0) 65 (8.4)
  6.0– < 9.0 153 (13.2) 124 (16.0)
  9.0– < 12.0 123 (10.6) 60 (7.7)
  12.0– < 15.0 102 (8.8) 84 (10.8)
  15.0– < 18.0 93 (8.0) 62 (8.0)
  18.0– < 23.0 95 (8.2) 98 (12.6)
  23.0– < 29.0 87 (7.5) 77 (9.9)
  29.0– < 35.0 57 (4.9) 74 (9.5)
  35.0– < 47.0 202 (17.4) 67 (8.6)
Sex
Female 576 (49.7) 337 (43.4)
Male 584 (50.3) 440 (56.6)
Mother’s education
Junior high school or below 210 (18.1) 59 (7.6)
High school and junior col-

lege
508 (43.8) 270 (34.8)

Undergraduate or above 438 (37.8) 444 (57.1)
Unknown/refused to answer 4 (0.3) 4 (0.5)

Fig. 2   Item characteristic curves for all 63 items
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agreement beyond chance (Z = 4.0, Prob > Z < 0.0001). 
These results reject the hypothesis that determinations are 
made randomly, further supporting the reliability of PRIDE.

Figure 3a illustrates the process of completing a PRIDE 
test and the interface of the electronic questionnaire system. 
When considering future application in clinical settings, 
particularly during routine well-child visits, we estimated 
the potential screen and referral burden (Fig. 3b). Based on 
the screen positive rate, referral rate, and diagnostic rate 
observed during the validation phase of the current study, for 
every 1000 children screened, about 244 children will test 
positive by PRIDE. Among them, 145 will be referred for 
diagnostic evaluation, ultimately resulting in 41 diagnosed 
cases of DD.

Discussion

This study describes the development and reliability-validity 
testing of PRIDE, a 10-item parent-reported Chinese DD 
screening tool. At the community level, results showed that 
PRIDE has comparable sensitivity and specificity to ASQ-3 
for GDD screening with PRIDE demonstrating higher sensi-
tivity but lower specificity than ASQ. For DD, PRIDE exhib-
ited a sensitivity and specificity of over 80%. The specificity 
is lower and sensitivity is higher compared to ASQ.

When considering GDD as a primary outcome, results 
showed that both PRIDE and ASQ-3 exhibit low sensitivity, 
around 60%. However, when validated in a population with a 
high risk of GDD, the ASQ-3 demonstrated both sensitivity 
and specificity above 80% [11]. This finding indicates how 
sample characteristics influence the results when validating 

a DD screening tool. There has been a notable increase in the 
scrutiny of screening tool accuracy within application set-
tings recently [27]. Indeed, the sensitivity of existing screen-
ing tools in applications is often lower than initially observed 
during their validation phase. A meta-analysis revealed that 
the positive predictive value (PPV) of a screening tool in 
populations with DD risks was twice as high compared to 
non-risk populations [27]. Nevertheless, in practice, many 
tools undergo validation with populations at risk of GDD, 
such as premature children [11]; this may yield different 
results when applied to a community sample. Additionally, 
a considerable number of studies overlook the issue of loss 
to follow-up in both study design and data analysis. Specifi-
cally, neglecting the results of all individuals who undergo 
screening, particularly those with negative screening results, 
introduces substantial bias [23]. The current study was con-
ducted using a community-based sample and accounted for 
the outcomes of unassessed children by adjusting sampling 
weights and conducting imputation. This explains why both 
PRIDE and ASQ-3 exhibited low sensitivity for GDD.

By distinguishing DD using the definitions of IDD and 
GDD, we also found the importance of clarity in defining the 
target conditions for DD screening tools. As DD screening 
typically occurs before three years of age, it is challenging 
to use primary developmental screening tools to identify 
specific developmental disorders. Our results indicate that 
PRIDE demonstrates good accuracy in screening for DD, 
with comparable results to ASQ-3 for GDD and particularly 
good performance for DD. Unlike GDD, which often sug-
gests intellectual disability, IDD encompasses an elevated 
risk associated with delays in specific domains, potentially 
indicative of developmental language disorders, attention 
deficit hyperactivity disorder, autistic spectrum disorder, and 
other conditions [5]. By employing DD as the primary tar-
get during validation, PRIDE aims to identify children who 
would benefit most from early intervention.

During the development phase, we ensured that PRIDE 
possessed both practicality and cultural adaptability. First, 
through extensive supplementation of language items and 
expert reviews, we enhanced PRIDE's cultural adaptability 
for use among Chinese children [14]. Second, we enhanced 
the reliability of parental reporting by conducting cognitive 
interviews with parents and employing objective indicators 
such as response rates to select items. Finally, based on the 
characteristics of developmental milestones, we utilized an 
IRT model to select items using indicators such as DIF and 
item fitness.

During the validation phase, we intended to refer all 
children with positive screening results and 15% of those 
with negative screening results for diagnostic evaluation. 
Consequently, by adjusting the sampling weights, the sam-
ple closely mirrors the distribution of the general popula-
tion [27]. Furthermore, we accounted for the outcomes of 

Table 2   Adjusted estimates of sensitivity and specificity of PRIDE 
and ASQ-3 with sampling weightsa

a  All values presented as percentage (95% confidence interval). Esti-
mates were conducted using inverse probability weights and multiple 
imputation
b  Reference test was the Griffiths Development Scales-Chinese (GDS-
C)
PRIDE Parent-Reported Indicator of Developmental Evaluation for 
Chinese Children, ASQ-3 Ages and Stages Questionnaires, SD stand-
ard deviation

Tools Specificity Sensitivity Prevalence

Developmental delay (any one domain ≤ 2 SD)
PRIDE mile-

stones
84.9 (82.8–86.9) 83.3 (56.8–100.0) 6.7 (3.9–9.5)

ASQ-3 91.8 (90.0–93.6) 54.9 (32.6–77.3)
Global developmental delay (any two domains ≤ 2 SD) b

PRIDE mile-
stones

81.9 (80.1–83.6) 64.1 (21.0–100.0) 3.4 (0.9–5.9)

ASQ-3 90.4 (88.6–92.3) 60.5 (20.0–100.0)
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children who were lost to follow-up and had not undergone 
diagnostic assessments by utilizing MI. Through these two 
methods, we addressed both planned and unplanned missing 
data. We have also conducted several sensitivity analyses, 
including employing different estimation methods (e.g., 
simulation with assumptions) and various diagnostic crite-
ria (e.g., GQ). Previous studies have demonstrated similar 
outcomes affirming that adjustments [21] and simulations 
[23] are reliable methods for use in practical settings.

There are also some limitations. First, the loss to follow-
up rates for both negative and positive screening children 
were higher than expected, resulting in a smaller number of 
diagnosed cases and leading to a wide range of 95% CI when 
estimating sensitivity. Given our study design to include an 
entire target population, this challenge was difficult to avoid, as 
the low number of DD cases is constrained by prevalence and 
sample size. We attempted to address this limitation by con-
ducting hypothesis-based simulations. Further investigations 
into the reasons for referral failure could be valuable when 
establishing a screening referral system. Second, this study 
did not report on the predictive validity of PRIDE. Accumu-
lating longitudinal data in subsequent research and reporting 
on whether PRIDE accurately predicts the diagnosis of subse-
quent developmental disorders would provide a more compre-
hensive assessment of the tool. Third, while we have currently 
validated the tool in the general population, it is important 
to explore its applicability in other specific populations. For 

instance, follow-up studies on neonates and children who 
experience adverse neurodevelopmental outcomes due to early 
brain injury would be valuable [28]. Finally, while we provide 
an estimation of the screening and referral burden when apply-
ing PRIDE in routine child well-visits, current information is 
still insufficient to fully understand the cost-effectiveness of 
implementing PRIDE for population-wide screening. Referral 
decisions are often made based on a range of circumstances, 
with actual referral rates ranging from 10% to 86% [29]. Vari-
ations in clinical resources between regions (such as diagnos-
tic and rehabilitation resources and human resources for basic 
counseling in the community.), as well as parental referral 
preferences, can influence referral decisions [30]. Therefore, 
the specific referral criteria may need to be situation-specific to 
achieve optimal effectiveness of the PRIDE application. Fur-
ther studies including cost-effectiveness and implementation 
studies are needed to explore the application of PRIDE in the 
community population. Since PRIDE can effectively identify 
GDD and IDD, it can be applied to the ECD intervention pro-
jects that the Chinese government is currently promoting at the 
community level, such as group-based parenting interventions 
[31], to provide early intervention for these at-risk groups.

In conclusion, the PRIDE tool, developed based on ECD 
milestone studies conducted in multiple regions of China, is 
simple and easy to use. Its reliability and validity are com-
parable with ASQ-3 for GDD screening and it enables IDD 
screening. In the future, PRIDE can serve as a tool for ECD 

Fig. 3   Clinical applications of PRIDE: flowchart and simulated 
example. a Flow chart of the procedure of completing a PRIDE 
test. The test is originally in Chinese but presented in English here. 
b Estimation of screening and referral process when screening 1000 

children with pride during routine well-child visits. PRIDE Parent-
Reported Indicator of Developmental Evaluation for Chinese Chil-
dren, DD developmental delay, GDD global developmental delay
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in community settings in China. Given the similarities in situ-
ations among low- and middle-income countries (LMICs), 
the development process for this tool holds potential wide 
applicability.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s12519-​025-​00878-7.
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