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Abstract 
Background: There are no data on the precise burden of 
neurodevelopmental disorders (NDD) in Africa, despite high incidence 
of risk factors. Ten Questions Questionnaire (TQQ) has been used 
extensively in Africa to screen neurological impairments but not 
autism spectrum disorders (ASD) and attention-deficit hyperactivity 
disorders (ADHD). The Neurodevelopmental Screening Tool (NDST) 
has reliably assessed NDD in Asia; its validity in Africa is unknown. 
Methods: Using NDST and TQQ, we screened 11,223 children aged 6-
9 years in Kilifi, Kenya. We invited all screen-positives and a proportion 
of screen-negative children for confirmatory diagnosis of NDD using 
clinical history, neuropsychological assessments and interviews. 
Results: In total, 2,245 (20%) children screened positive for NDD. 
Confirmatory testing was completed for 1,564 (69.7%) screen-positive 
and 598 (6.7%) screen-negative children. NDST’s sensitivity was 87.8% 
(95%CI: 88.3-88.5%) for any NDD, 96.5% (95%CI:96.1-96.8%) ASD and 
89.2% (95%CI: 88.7-89.8%) for ADHD. Moderate/severe neurological 
impairments’ sensitivities ranged from 85.7% (95%CI: 85.1-86.3%) for 
hearing impairments to 100.00% (100.0-100.0%) for motor 
impairments. NDST had higher sensitivities than TQQ for epilepsy 
(88.8 vs 86.7), motor impairments (100.0 vs 93.7) and cognitive 
impairment (88.2 vs 84.3). Sensitivities for visual and hearing 
impairments were comparable in both tools. NDST specificity was 
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82.8% (95%CI: 82.1-83.5%) for any NDD, 94.5% (95%CI: 94.0-94.9%) for 
ASD and 81.7% (95%CI: 81.0-82.4%) for ADHD. The specificities range 
for neurological impairments was 80.0% (95%CI: 79.3-80.7%) for visual 
impairments to 93.8% (95%CI: 93.4-94.3%) for epilepsy. Negative 
predictive values were generally very high (≤100%), but most positive 
predictive values (PPV) were low (≤17.8%). Domain specific internal 
consistency ranged from 0.72 (95%CI: 0.70-0.74) for ADHD to 0.89 
(95%CI: 0.87-0.90) for epilepsy. 
Conclusions: NDST possesses high sensitivity and specificity for 
detecting different domains of NDD in Kilifi. Low PPV suggest that 
positive diagnoses should be confirmed when samples are drawn 
from a population with low disease prevalence.
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Introduction
Neurodevelopmental disorders (NDD) such as autism spec-
trum disorders (ASD), attention deficit hyperactivity disorders  
(ADHD) and cognitive impairment are common in low- and  
middle-income countries (LMIC), but there are few epidemio-
logical studies in Africa1. Despite the high incidence of risk  
factors for NDD such as environmental toxins, perinatal  
complications and intracranial infections, the precise burden 
of these disorders is unknown in Africa2. Few available studies 
are based on single neurological conditions such as cognitive  
impairments3, not detecting other important conditions like ASD 
and ADHD, since the screening was conducted with the Ten  
Questions Questionnaire (TQQ). The TQQ is a brief and easy to 
use tool that has been widely used in LMIC to screen for neuro-
logical impairment and disability4–6. This lack of epidemiological 
data for NDD in Africa is in part ascribed to lack of aware-
ness about their existence in the community, which is now 
changing following awareness from epidemiological studies of 
related neurological disorders4. The challenge, however, remains 
on availability and development of reliable tools for screen-
ing and diagnosis of NDD in Africa; this is likely to change  
given the recent development of a cadre of local psychologists  
and neurodevelopmental researchers7.

Recently, studies in Asia have developed a tool for screening 
of developmental disorders in children, specifically the  
Neurodevelopmental Screening Tool (NDST). This tool was 
used to screen neurodevelopmental disorders in India, but the  
estimates differed with region/settings (10–18%)8, which may 
suggest: (i) that the high burdens of NDD are unique to those 
regions, and/or (ii) that the reliability and validity of NDST 
in detecting neurodevelopmental disorders differs across the 
regions. Although the reliability (test-retest and inter-rater  
agreement) of NDST was examined and found to be acceptable9, 
the clinical validity (sensitivities, specificities, positive and  
negative predictive values) were not reported. It is important 
to evaluate the validity of screening tools since a tool with low 
sensitivity results to false-negatives, thereby underestimating 
the burden of NDD, while those with a low specificity allows  
false-positives and overestimation of NDD.

The NDST has not been piloted in Africa, yet it allows screen-
ing for a wider range of NDD, which have not been assessed  
together in sub-Saharan Africa and which are often comorbid10. 
Since the validity and reliability of screening tools may depend 
on cross-cultural interpretation of the disorders6, it is impor-
tant to examine the validity of NDST in Africa before its use  
in the much needed epidemiological studies.

We set up a two-stage large epidemiological study to estimate 
the burden of neurodevelopmental disorders in a rural area on  
the Kenyan coast, which allowed us to examine the validity of 
NDST in detecting NDD in this region. Additionally, we com-
pared the psychometric properties of the NDST to those of the  
TQQ which has been previously validated for detecting  
neurological impairments in this setting6. The validity of the 
TQQ in detecting neurological impairment has been acceptable 
across different studies, but few studies have compared it with  

other screening tools for NDD such as NDST. There is need to  
compare the validity of TQQ with that of NDST in one study.

Methods
Ethical statement
Prior to commencement of data collection, ethical approval for 
this study was obtained from the Scientific and Ethics Review  
Unit, Kenya under protocol number KEMRI/SERU/CGMR-C/ 
3000. Written informed consent to use and publish de-identified  
patients’ data was obtained from caregivers of the participants.

Study settings
This study was conducted in a rural area the of the Kenyan 
coast in a demographic surveillance area referred to as the  
Kilifi Health and Demographic Surveillance System (KHDSS)11,  
which is located in Kilifi County. Vital statistics on births, 
deaths and migration patterns (in or out) in KHDSS are updated  
every four months. The main population in KHDSS is the  
Mijikenda ethnic group, the majority of whom are subsist-
ence farmers and a few fishermen. The literacy levels are low, 
and Kilifi County is one of the poorest administrative regions  
in Kenya. The health services for neuropsychiatric and NDD  
in this area are poorly developed12.

Sampling
Data were collected between March 2015 and August 2016. 
The sampling frame for this study comprised children aged  
6–9 years living within KHDSS, who form a total popula-
tion of about 35,000. The age group of 6–9 years was chosen  
because this is when most NDD become apparent and is when 
most children in sub-Saharan Africa enrol for school. Each 
child had an equal probability of being randomly selected to  
participate in the study so long as they met criteria for age 
and living within KHDSS. Children would be excluded if 
they out-migrated or died during the period of study. This  
validation study was nested in a large epidemiology study which 
aimed at screening about 15,000 children randomly selected 
from the 35,000 children. Screening about 15,000 randomly  
selected children would detect neurodevelopmental disorders  
with a precision or margin of error of <1%, assuming a con-
servative prevalence of 6.1% in the community. The RAND ()  
command of MySQL was used to select the eligible children.

Study design and procedures
The study was implemented using a two-stage design; stage 
I involved screening of NDD in the community and stage II  
involved further clinical assessment of all those who screened 
positive in stage I and a proportion of those who screened 
negative. Screen- negative participants were included in  
stage II to obtain reference diagnostic categories for validat-
ing against NDST screening status. Eligible participants were 
identified using the MySQL software then trained interviewers  
fluent in the local dialects visited the households and explained  
the study to the parents or close caregivers of eligible children. 
The NDST and TQQ were then administered to parents who 
gave informed consent to participate in the study. All children  
with a positive response in at least one of the NDST items and 
every 5th child screening negative in all NDST items were  
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invited to the Neuroscience Unit at the KWTRP in Kilifi  
County Hospital for comprehensive clinical assessments  
(stage II).

Neurodevelopmental disorders were defined as the presence 
of either epilepsy, ADHD, ASD, hearing impairments, visual 
impairments, motor impairments or cognitive impairment.  
Epilepsy was defined as a history of two or more unpro-
voked seizures according to recommendations by International 
League Against Epilepsy (ILAE)13. Hearing impairment was  
defined as a 41–70 dB loss in the best ear and difficulty in hear-
ing even with a hearing aid. Visual impairment was defined 
as visual acuity of worse than 6/18. Motor impairment was 
defined as difficulty in holding implements, dressing and sitting  
upright but able to move around with help; severe impairment 
as inability to walk and absence of functional use of hands6.  
Cognitive impairment was defined as a z-score of below −2 in 
the Ravens Matrix test. Z-scores were calculated as a function  
of the difference between the mean of an individual child and 
the mean of a representative sample, divided by the standard  
deviation of the mean of the representative sample. For  
standardization, z-scores were calculated separately for each  
age-year.

Clinical evaluation comprised neuropsychological assessments 
using structured diagnostic questionnaires as detailed below. 
A diagnosis of epilepsy was confirmed through clinical his-
tory that included presence of seizures as defined by ILAE  
recommendations13. Cognition was measured using the Ravens 
Coloured Progressive Matrix Test and Kilifi Naming test14.  
The Kiddie Schedule for Affective Disorders and Schizophre-
nia (KSADS©)15 measured ADHD. Autism spectrum disorders  
diagnosis was done by clinical review using the American  
Psychiatric Association (APA) Diagnostic and Statistical Manual 
of Mental Disorders (DSM-V) criteria that followed the Autism  
Diagnostic Observation Schedule(ADOS®)16 structure. Vision 
was assessed with Sonksen-Silver Acuity system and hearing 
assessed with Kamplex screening audiometer model number  
SM-950.

The questionnaires were administered by trained neuropsycho-
logical assessors. All the tools including NDST were translated  
into the lingua franca, Kiswahili, through a standardised for-
ward and back translation process as in previous studies in the  
area17,18. All the tools were piloted to test their comprehensibil-
ity and revised accordingly before use in the epidemiological  
survey. Participants of the pilot tests were randomly selected 
from community members who attended the Kilifi County  
Hospital as caregivers of patient. Administration of the tools 
was supervised by a developmental psychologist, child and  
adolescent psychiatrist and child neurologist. Final versions of  
tools used are available as extended data19.

Statistical analysis
Data were entered using MySQL, and analysed using STATA  
software (version 13.1, Stata Corp LP, College Station, TX, 
USA) and R-statistical software (version 3.4.0 (2017-04-21)). 
Sensitivities, specificities, and positive and negative predictive  

values of detection of NDD by NDST were computed by  
comparing screening outcomes in stage I against diagnoses in  
stage II using the “diagtest” syntax in STATA. Discrete vari-
ables were compared using Pearson’s Chi-squared, or Fisher’s 
exact test where observations in a cell were sparse (less than 5).  
Internal consistency of the NDST items was assessed by  
computing the Cronbach’s alpha.

Results
General description
In total, 15,000 children were eligible to participate in the 
study of whom 11,223 (74.8%) children were available for  
visitation, consenting and to screening19. The excluded chil-
dren could not be traced within the KHDSS. Of those who were  
screened, 49% were female. Of the 11,223 children, 2,245 
(20%) screened positive for at least one neurodevelopmen-
tal disorder in stage I. In total, 2,162 children were assessed in  
stage II: 1,564 (69%) of the screen-positive and 598 (6.7%)  
randomly selected screen negatives. The 681 screen-positive  
participants from stage I who did not participate in stage II  
either refused to participate, were lost to follow up or died as 
summarised in Figure 1. There was no difference in the sexes  
of those who were assessed in stage II.

Internal consistency of NDST questions
The total internal consistency of the 39 NDST questions as 
measured by Cronbach’s alpha was 0.84 (95%CI: 0.82-0.85).  
The internal consistency of the specific domains ranged from 
0.72 (95%CI: 0.70-0.74) for ADHD to 0.89 (95%CI: 0.87-0.90)  
for epilepsy (Table 1).

Validity of NDST in detecting all NDD
The false negatives of NDST was 10.1%, with false positive 
proportion of 17.1%. This translated to a sensitivity of 87.8%  
(95%CI: 88.3-88.5%) and a specificity of 83.3% (95%CI: 
82.7-84.0%). The positive predictive value was low, but the  
negative predictive value was very high (Table 2). The sensitivity 
for having ASD or ADHD (89.5% vs. 88.8%) was higher than 
for neurological conditions, as was the specificity (82.1%  
vs. 80.0%) (Table 2).

Validity of NDST in detecting presence of ASD or ADHD
ASD was diagnosed in 80 children, of whom 2 (2.5%) were  
classified as false negatives by NDST in stage I. Of those with-
out ASD in stage II, 2,167/11,143 (19.4%) were classified as  
false positives by NDST in stage I. Therefore, the sensitivity 
for NDST in detecting ASD was 96.5% (95%CI: 96.1-96.8%), 
while the specificity was 80.6% (95%CI: 79.9-81.3%). Screen-
ing with ASD specific questions improved the specificity of  
NDST by about 15% (Table 3). Positive predictive values of 
NDST were low but the negative predictive values were high  
(Table 2).

ADHD was diagnosed in 280 children, of whom 30 (210.7%) 
were classified as false negatives by NDST in stage I. Of  
those without ADHD in stage II, 2,167/11,143 (18.2%) were  
classified as false positives by NDST in stage I. Therefore, 
the sensitivity for NDST in detecting ADHD was 89.2%  
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(95%CI: 88.7-89.8%), while the specificity was 81.7% 
(95%CI: 81.0-82.4%). Screening with ASD specific questions 
improved the specificity of NDST by 13% (Table 3). Positive  
predictive values of NDST were low but the negative predictive  
values were high (Table 2).

Validity of NDST in detecting neurological impairments
False negative classification proportion for epilepsy by NDST 
was 11/98 (11.2%) while false positives classification was  
2,158/11,125 (19.4%). The sensitivity for detecting epilepsy 
by NDST was 88.8% (88.2-89.3%), with specificity was 
80.6% (95%CI: 79.8-81.3%). Use of the question on seizure  

disorders improved the specificity by 13%. Positive predictive  
values were low while negative values were high (Table 2).

False negative classification for cognitive impairment by 
NDST was 6/51 (11.7%), while false positive classification was  
2,200/11,172 (19.6%). The sensitivity for detecting cogni-
tive impairment by NDST was 88.2% (95%CI: 87.6-88.5%), 
with specificity being 80.3% (95%CI: 79.5-81.0%). Positive  
predictive and negative values are shown in Table 2.

False negative classification for motor impairments by 
NDST was 0/16 (0%), while false positive classification was  

Figure 1. Flow diagram of participant recruitment.

Table 1. Internal consistency for the Neurodevelopmental Screening Tool (NDST) questions for 
each domain measured with Cronbach’s alpha. CI=confidence interval.

Disorder Number of questions Cronbach’s alpha (95%CI)

Autism spectrum disorders (ASD) 11 0.82 (0.78-0.86)

Attention deficit hyperactivity disorder (ADHD) 4 0.72 (0.70-0.74)

Epilepsy 2 0.89 (0.87-0.90)

Cognitive impairment 13 0.85 (0.83-0.87)

Motor impairments 4 0.75 (0.69-0.81)

Visual impairments 7 0.74 (0.71-0.77)

Hearing impairments 3 0.76 (0.73-0.79)
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2229/11207 (19.8%). The sensitivity for detecting moder-
ate/severe motor impairments by NDST was 100.0% (95%CI: 
100.0-100.0%), while the specificity was 80.1% (95%CI: 79.3-
80.8%). Positive predictive and negative values are shown in  
Table 2.

False negative classification proportion for visual impair-
ments by NDST was 0/8 (0%), while false positive classifi-
cation was 2237/11,215 (19.9%). The sensitivity for visual  
impairments was 100.0% (95%CI: 100.0-100.0%), with specifi-
city being 80.0% (95%CI: 79.3-80.7%). Positive predictive and  
negative values are shown in Table 2.

False negative classification proportion for hearing impairments 
by NDST was 1/7 (14.2%), while false positive classification  
was 2,239/11,216 (19.9%). The sensitivity for detecting hear-
ing impairments by NDST was 85.7% (95%CI: 85.1-86.3%), 
with specificity being 80.0% (95%CI: 79.3-80.7%). Positive  
predictive and negative values are shown in Table 2.

Comparison of NDST with TQQ in detecting 
neurological disorders
The NDST had higher sensitivities than TQQ for epilepsy, 
motor impairments and cognitive impairment, but sensitivities 
for visual and hearing impairments were comparable in both 

Table 3. Comparison of validity of all Neurodevelopmental Screening Tool (NDST) questions vs domain specific questions in 
detecting neurodevelopmental disorders in 11,223 children screened in stage I and 2,162 assessed in stage II.

Impairment Sensitivity (%) 
(95% CI)

Specificity (%) 
(95% CI)

Positive predictive value (%) 
(95% CI)

Negative predictive value (%) 
(95% CI)

Disorder 
specific 

questions

All 
questions

Disorder 
specific 

questions

All 
questions

Disorder 
specific 

questions

All questions Disorder specific 
questions

All questions

ASD 94.2 
(93.9-96.6)

96.5 
(96.1-96.8)

94.5 
(94.0-94.9)

80.6 
(79.9-81.3)

11.1 
(10.5-11.7)

3.7 
(3.3-4.00)

99.9 
(99.9-100.0)

99.9 
(99.9-100)

ADHD 43.2 
(42.3-44.1)

89.2 
(88.7-89.8)

94.8 
(94.4-99.3)

81.7 
(81.0-82.4)

17.7 
(17.0-18.5)

11.1 
(10.5-11.7)

98.4 
(98.2-98.7)

99.6 
(99.5-99.7)

Epilepsy 61.2 
(60.3-62.1)

88.8 
(88.2-89.3)

93.8 
(93.4-94.3)

80.6 
(79.8-81.3)

8.1 
(7.6-8.5)

3.8 
(3.5-4.2)

36.8 
(27.2-46.3)

99.9 
(99.8-99.9)

ASD=autism spectrum disorders; ADHD=attention deficit hyperactivity disorder; CI=confidence interval.

Table 2. Validity of all Neurodevelopmental Screening Tool (NDST) questions in detecting 
neurodevelopmental disorders in 11,223 children screened in stage I and 2,162 assessed in stage II.

Impairment Sensitivity (%) 
(95% CI)

Specificity (%) 
(95% CI)

Positive predictive 
value (%) (95% CI)

Negative predictive 
value (%) (95% CI)

ASD 96.5 (96.1-96.8) 80.6 (79.9-81.3) 3.7 (3.3-4.00) 99.9 (99.9-100)

ADHD 89.2 (88.7-89.8) 81.7 (81.0-82.4) 11.1 (10.5-11.7) 99.6 (99.5-99.7)

Epilepsy 88.8 (88.2-89.3) 80.6 (79.8-81.3) 3.8 (3.5-4.2) 99.9 (99.8-99.9)

Cognitive impairment 88.2 (87.6-88.5) 80.3 (79.5-81.0) 2.00 (1.7-2.3) 99.9 (99.8-99.9)

Motor impairments 100.0 (100.0-100.0) 80.1 (79.3-80.8) 0.7 (0.6-0.9) 100.0 (100.0-100.0)

Visual impairments 100.0 (100.0-100.0) 80.0 (79.3-80.7) 0.4 (0.3-0.5) 100.0 (100.0-100.0)

Hearing impairments 85.7 (85.1-86.3) 80.0 (79.3-80.7) 0.3 (0.2-0.4) 99.9 (99.9-100.0)

Any neurological impairment* 88.8 (88.3-89.4) 80.0 (79.3-80.7) 0.3 (0.2-0.4) 97.6 (96.9-98.2)

Having ASD or ADHD‡ 89.5 (88.9-90.0) 82.2 (81.5-82.9) 13.6 (13.0-14.3) 99.6 (99.5-99.7)

All neurodevelopmental 
disorders

87.8 (88.3-88.5) 83.3 (82.7-84.0) 20.4 (19.6-21.1) 99.3 (99.1-99.5)

ASD=autism spectrum disorders; ADHD=attention deficit hyperactivity disorder; CI=confidence interval.

Page 6 of 11

Wellcome Open Research 2021, 6:137 Last updated: 27 SEP 2021



tools. However, TQQ had slightly higher specificities than  
NDST (Table 4).

Discussion
This study demonstrates that NDST can be reliably used to 
screen for NDD in rural areas of Kenya. The sensitivities were 
high for all domains, suggesting that most of the NDD can  
be identified in the community. The specificities were also high, 
and therefore little diagnostic resources would be used in con-
firming a diagnosis of NDD screened with NDST, which is  
further supported by very high negative predictive values. The 
study reported low positive predictive values (PPV) which may  
have been the result of low population prevalence of NDD 
among randomly sampled children from this community. This 
low PPV therefore supports the need for setting up a two or three 
stage study design to confirm diagnosis among screen-positive  
children. The internal consistency was excellent, under-
pinning the general relatedness or correlation of all the 39  
neurodevelopmental questions.

These results are comparable to those of a study from India20, 
albeit with some differences. For instance, in the Indian study 
that tested the tool on 4000 families, NDST achieved optimal  
sensitivity and specificity using only 11 of the 39 questions20. 
The differences are not surprising since these studies are from  
dissimilar settings with unique cultural perspectives that can  
influence the perception of NDD. Additionally, the present 
study’s research team had prior experience in conducting neu-
ropsychiatric studies4,21, which may have improved the ratings 
of NDST for conditions related to those in previous studies. 
Lastly, questionnaire adaptation process is crucial and can  
influence validity and reliability of the tool; focus group dis-
cussions and in-depth interviews with community members  
were applied in Kilifi to understand the local idioms for NDD  
in this area22.

Not only were sensitivities and specificities of the NDST high 
in each domain of NDD but were also high in all domains  
combined, which suggests that the NDST questions can be 

used to detect the range of NDD. These findings are impor-
tant in that screening positive in one domain may increase the  
likelihood of being positive for another domain, as documented in 
a recent study of epilepsy23, which a few of those who screened 
negative for seizures in stage I, were found to be positive  
for epilepsy in stage II. Thus, NDST can be used to reliably  
measure all NDD in one epidemiological study.

Although sensitivities were high for NDD, it is impor-
tant to adjust estimates from stage II for sensitivity to avoid  
underestimating the true burden of the conditions. It is likely  
that participants not detected by NDST (where sensitivity is  
not 100%) had mild rather than moderate or severe impair-
ments. Sensitivity is not only determined by the quality of a 
tool, but also by expertise and training level of staff tasked with  
identifying NDD in stage II. The good specificities for NDST, 
especially with use of disorder-specific questions, suggests 
NDST may be particularly useful in identifying children requir-
ing care in poor regions without the training capacity and  
diagnostic expertise of NDD. The low positive values advocate 
for confirmation of the positive status from NDST, which is not 
a major limitation since most epidemiological studies in Africa 
often use a two or three stage design to confirm diagnosis4,24.  
Given that negative predictive values were very high, only few 
children screening negative on NDST would need to be evalu-
ated further in stage II, which saves resources particularly for  
epidemiological studies in low- and middle-income countries.

The slightly higher sensitivities for ADHD and ASD compared  
to neurological conditions, underlines NDST as the tool of 
choice for screening ASD and ADHD, for which there are few  
epidemiological studies in Africa12. The very high sensitiv-
ity measures for motor impairments and visual impairments  
(100%) indicates the ease with which these problems can be 
detected in the community. For example, moderate to severe 
motor impairment are easily visible, while moderate to severe 
visual impairments are detrimental, making them conspicuous  
and easier to report. Compared to other disorders, hearing 
impairments had relatively lower sensitivity (85%), which may 

Table 4. Validity of all Ten Questions Questionnaire (TQQ) questions in detecting neurological 
disorders in 11,223 children screened in stage I and 2,162 assessed in stage II. CI=confidence interval.

Impairment Sensitivity (%) 
(95% CI)

Specificity (%) 
(95% CI)

Positive predictive 
value (%) (95% CI)

Positive predictive 
value (%) (95% CI)

Cognitive impairment 84.3 (83.6-84.9) 84.4 (83.7-85.0) 2.4 (2.1-2.69) 99.9 (99.8-99.9)

Epilepsy 86.7 (86.1-87.3) 84.7 (79.3-85.3) 4.7 (4.3-5.1) 99.8 (99.7-99.3)

Motor impairments 93.7 (93.3-94.2) 84.2 (83.5-84.8) 0.8 (0.6-1.0) 99.9 (99.9-100.0)

Visual impairments 100.0 
(100.0-100.0)

84.1 
(83.4-84.8)

0.4 
(0.3-0.6)

100.0 
(100.0-100.0)

Hearing impairments 85.7 (85.0-86.3) 84.1 (83.4-84.8) 0.3 (0.2-0.4) 99.9 (99.9-100.0)

Any neurological 
impairment*

86.4 (85.7-87.0) 85.1 (84.4-85.8) 7.8 (7.3-8.3) 99.7 (99.6-99.8)
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mean that low concentration/inattention or ear illnesses such as  
otitis media can be confused for hearing problems in this rural 
area. Further work on community perception of domains of  
NDD is justified.

This is the largest epidemiological study to validate the util-
ity of NDST in identifying NDD in low- and middle-income  
countries. It is robust in that focus was given to many domains 
of NDD. One limitation is the lack of detailed assessment of  
cognitive impairment that may results in lower sensitivities 
and specificities of NDST. Neuropsychological assessments 
can be particularly intensive when administered in over 2,000  
participants as in this study, and so NDST could be further 
evaluated in smaller case-control studies in which more tests  
of cognitive impairment are feasible.

The NDST appeared superior compared to the TQQ. Firstly, 
NDST can screen for ASD and ADHD in addition to neuro-
logical conditions, while TQQ focuses mostly on the latter.  
Although TQQ’s sensitivity for visual and hearing impair-
ments compared well with that of NDST, the lower sensitivities 
for epilepsy, motor impairment and cognitive impairment may  
result in the underestimation of these conditions and NDD in 
general. Slightly higher specificities for TQQ over NDST would 
not add much value, since the relative strength of screening 
tools should be their ability to detect all conditions during 
screening, which is determined by high sensitivities rather  
than specificities. These two conclusions taken together with 
the fact that TQQ does not ask specific questions for ASD 
and ADHD places NDST as the screening tool of choice for  
all NDD.

In conclusion, this study shows that NDST can be used reli-
ably to screen different types of NDD in a rural region of Africa,  
with high sensitivity and specificity. The tool could reduce the 
cost of identifying children requiring management for NDD in 
similar settings in Africa or elsewhere. Low positive predictive  
values suggest that the prevalence of NDD may be low in this 
community therefore a multi-stage epidemiological study  
design is recommended, so that diagnosis can be confirmed at  
later stages of studies by trained staff, clinicians or experts.

Data availability
Underlying data
Harvard Dataverse: Replication Data for: Validity and reli-
ability of the Neurodevelopmental Screening Tool (NDST) in  
screening for neurodevelopmental disorders in children living  
in rural Kenyan coast. https://doi.org/10.7910/DVN/Z847EG19.

This project contains the following underlying data:
-	� NDST KILIFI DATASET 23MARCH2021-1.tab (data 

used in calculating the validity of the NDST in assess-
ing neurodevelopmental disorders in a community  
sample of 6–9-year-old children from Kilifi, Kenya)

-	� Some NDST paper codes21March2021.do (STATA  
v15.1 analysis script)

Extended data
Harvard Dataverse: Assessment tools and participant materi-
als for: Validity and reliability of the Neurodevelopmental  
Screening Tool (NDST) in screening for neurodevelopmental 
disorders in children living in rural Kenyan coast. https://doi.
org/10.7910/DVN/Z847EG19.

This project contains the following extended data:

-	� MBitta_NDST_Kilifi_Codebook.pdf (Variable code-
book containing description, value labels and format -  
English Version)

-	� MBitta_NDST_Kilifi_Readme.txt (Readme file con-
taining information on the related research study, 
terms of access, citation requirements as well as  
methods of processing)

-	� NDD 2015 - NDST-English.doc (The English version 
of the Neurodevelopmental Screen Questionnaire that  
was used to screen participants at stage I of the study)

-	� NDD 2015 - NDST-Kigiriama.doc (The Giriama ver-
sion of the Neurodevelopmental Screen Questionnaire 
that was used to screen participants at stage I of the  
study)

-	� NDD 2015 - NDST-Kiswahili.doc (The Kiswahili  
version of the Neurodevelopmental Screen Question-
naire that was used to screen participants at stage I of 
the study)

-	� NDD 2015 – NeuroExamination (The English version 
of the clinical evaluation form used to collect data  
on confirmed diagnoses at stage II)

-	� NDD 2015 - TQQ.doc (The English version of the 
Ten Questions Questionnaire that was used to screen  
participants at stage I of the study)

-	� Socio demo.docx ((The English version of the  
Sociodemographic Questionnaire)

-	� Interview ICF_NDD study.doc (The English version  
of the Informed Consent form)

Data are available under the terms of the Creative Commons  
Attribution 4.0 International license (CC-BY 4.0).
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