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Purpose: Determine the prevalence of symptoms of neurodevelopmental problems (NDPs) with a semi-structured review of fourth 
grade students’ medical records, its interrater agreement and validity as compared with clinical assessment.
Methods: A school-based sample of 11-year-old children provided child health care (CHC) records and school health care (SHC) 
records. A pediatric neurologist, child psychiatrist and an adult psychiatrist scored the records, with the “Early Symptomatic 
Syndromes Eliciting Neurodevelopmental Clinical Examinations-Questionnaire” (ESSENCE-Q, 12 items scored 0–2, summary 
score range 0–24). Agreement was measured with model-based kappa and intraclass correlation coefficient (ICC). Ratings were 
validated against a multidisciplinary assessment involving a physician, psychologist, teacher- and parental behavioral rating scales 
rendering a clinical global impression severity rating (CGI-S, range 1–7) of NDPs.
Results: Out of 223 participants, medical charts were available from 201, of whom 169 were rated by all three raters. Kappa 
agreement was moderate/strong (~0.8) for 7 of the 12 questionnaire items. Measured with the ICC, concordance in the summary score 
was good for agreement (~0.8) and excellent (~0.9) for consistency. Test–retest reliability was excellent (ICC = ~0.9). Area under the 
curve for the ESSENCE-Q in predicting clinical-level problems (CGI ≥4) was ~80% for all three raters, albeit with differing optimal 
cutoffs.
Conclusion: Using the ESSENCE-Q as a template, NDPs appear to be common in medical records, are identified reliably, and predict 
clinical-level concern. Medical records screening may facilitate a structured review of medical records in work-ups or be applied in 
conjunction with other screening measures for neurodevelopmental disorders. However, differences in calibration currently preclude 
defining a universal cutoff for using the ESSENCE-Q for medical records screening.
Keywords: neurodevelopmental disorders, medical records, abnormal development, child health, ESSENCE

Plain Language Summary
● Although medical records are often reviewed for early symptoms of neurodevelopmental disorders, the quality of information 

and usefulness of records review for this purpose has not been studied.
● When physicians practicing in three different specialties (child neurology, child psychiatry, adult psychiatry) screened children’s 

medical records with the semi-structured ESSENCE-Q, signs of possible neurodevelopmental problems (NDPs) were common.
● Agreement in the ESSENCE-Q between three raters varied somewhat between different developmental areas but was good to 

excellent in the total score of the questionnaire.
● Ratings in the ESSENCE-Q could detect NDPs warranting clinical attention and were correlated with the severity of the NDPs. 

This suggests that rating medical records with the ESSENCE-Q may serve as a screening method and provide reliable supportive 
findings in the clinical work-up for neurodevelopmental disorders.
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Introduction
Spitzer proposed the gold standard psychiatric diagnostic process through the acronym LEAD; emphasizing the 
importance of a longitudinal perspective, expert knowledge, and incorporation of all available data.1 Although long-
itudinal assessment of all data in the work-up for neurodevelopmental disorders (NDDs) includes medical records, the 
prevalence of symptoms of NDDs in medical records has not been reported in the literature. Additionally, the impact of 
specialty training on the clinician reviewing the records in the context of NDDs is largely unknown.

ESSENCE, the acronym for Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical Examinations, is 
a concept highlighting that children with NDDs generally present to various health care professionals at an early age with 
nonspecific symptoms.2 It further emphasizes that different neurodevelopmental problems (NDPs) co-occur, and the 
importance of considering severity as well as the total amount of functional deficits. The co-aggregation of symptoms of 
NDDs has been corroborated in a host of family-, twin and genetic studies.2–5 The ESSENCE-concept emphasizes the 
importance of a careful review of perinatal and developmental history, hereditary factors, behavioral symptoms and co- 
occurring chronic medical conditions such as diabetes, obesity and epilepsy. Consequently, developmental deviations or 
prodromal signs, albeit unspecific, could be expected in medical records of children with NDDs.

Although child health care screens children for developmental delay and deviations, only a minority of children 
diagnosed with NDDs are detected before school-entry. For example, a register study found that the mean age of 
childhood attention-deficit/hyperactivity disorder (ADHD) diagnosis in Sweden was 12 years.6 A Danish study found 
that the incidence of ADHD and Asperger syndrome peaked at age 17 and 16 respectively for girls.7 Thus, some patients 
present for a clinical work-up of NDDs as adolescents or even adults, past the time period during which symptoms are 
postulated to have first emerged, or when no reliable collateral information can be obtained.8–11 In the pediatric setting, 
medical records could therefore provide a second wave of screening, and in the adult setting it could prove an 
informational source unaffected by recall bias lending independent support for early onset of symptoms.

Medical records review in clinical research is used to ascertain exposures (eg, diagnosis or symptoms) or outcomes 
(eg, death, hospitalization and complications). The method is constrained by two major limitations. Firstly, medical 
records may be incomplete and of low quality. Time constraints and work overload are frequent situations faced by health 
staff performing tasks involving data management, that may affect data quality and influence the diagnostic process and 
treatment decision-making.12 Lack of information may result in misclassification and potential bias, and is a cause of 
disagreement between research and clinical diagnoses (ie, false-negative cases lower agreement between research 
diagnoses and clinical diagnoses).13–15 Secondly, inter-rater variability among physician reviewers may vary widely in 
the command of medical records, due to differences in competence or lack of clear definitions of exposures. Although 
a host of screening tools for detection of NDDs exists, there is a lack of tools developed for the assessment of medical 
records.16,17

Aim
Our aim was to 1) describe the prevalence of ESSENCE and/or ESSENCE-related problems in medical records, 2) 
determine the agreement between raters from different medical specialties, 3) explore areas of disagreement and 4) 
ascertain the predictive validity for impairing NDD symptoms and optimal cutoff level of the instrument in a non-clinical 
sample of 11-year-old children.

Methods
Setting and Participants
The study was performed in regular (public) schools in western Sweden between 2018 and 2020 to examine the association 
of pupil’s health with school performance. The validity of parent-rated ESSENCE-Q in this cohort has been reported 
previously, where a more detailed methodological description of the clinical assessments can be found.18 Here, we report on 
a sub-study examining the usefulness of using the ESSENCE-Q as a template for experts/clinicians in screening medical 
records for symptoms of NDDs. A flow diagram of participants and measures are provided in Figure 1.
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In short, a convenience sample of six schools based on the investigators ability to engage school principals was 
selected, and parents of all pupils attending fourth grade at the school were invited to participate. On each site, one or two 
academic years of pupils were recruited. None of the schools had pupils attending special education. Participation 
constituted an add-on to the existing routine health check-up in fourth grade. The add-on consisted of clinical assess-
ments by a physician (standardized procedure assessing motor performance, interaction, dysmorphology and brief 
history-taking for 20 minutes), neuropsychologist (Leiter-III non-verbal IQ test, 60 minutes), behavioral ratings from 
caregivers and teachers (Strength and Difficulties Questionnaire, SDQ), maternal interview, review of academic achieve-
ments and medical records.19,20 A clinical synopsis of all available information was performed in a case-conference 
attended by a pediatric neurologist, psychologist and a psychiatrist. Based on the synopsis, the severity of NDPs for each 
participant was rated with the clinical global impression – severity instrument (CGI-S, range 1–7).21 All case-conferences 
and ESSENCE-Q ratings were made independently, meaning that no raters were present in the conferences, and no 

Six 4th grade 
classes enrolled

(121 pupils)

2018

Twelve 4th grade classes
enrolled

(227 pupils)

2019

91/121 
75% participation

132/227 
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223/348 
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Psychologist assessment
(86%)

Teacher-rated SDQ
(99%)

Multidisciplinary case-
conference (100%)
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vs
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Figure 1 Overview of participants and measures used in the study.
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ESSENCE-Q ratings were available at the conference. All caregivers and children signed informed consent. The study 
was approved by the ethical review board at Gothenburg university (No. 852-17) and conducted in accordance with the 
Declaration of Helsinki.

Data Sources
In Sweden, the Child Health Care (CHC) and School Health Care (SHC) have the responsibility to monitor children’s health 
and development regularly. The medical records are therefore a tool to facilitate the documentation of gathered information, 
for decision-making, support and for follow-up. The national guidelines for child health surveillance in Sweden are 
followed closely by regional CHCs.22,23 The program includes supporting parents, providing information and education 
concerning childcare, health promotion, health check-ups with developmental screenings, anthropometric measurements, 
control of sight and hearing, as well as a program for immunization.24 CHCs are either integrated into primary care centers 
employing public health nurses and general practitioners (75%) or into special units with paediatric nurses and a greater 
involvement by paediatricians (25%).23 Although different professionals such as nurses, physicians and psychologists work 
in the CHCs, the key person is the child health nurse. He/she is a registered nurse with at least 1 year of special training in 
paediatric development and healthcare, or in public healthcare.25 The child health program encourages frequent contact 
with the nurse during the infant’s first months, and this contact includes scheduled and unscheduled visits to the clinic, 
domiciliary visits, telephone consultations, and parental education classes. In addition, the physician sees all children for 
health check-ups and developmental screenings at certain “key ages”.24 Developmental surveillance is supported at every 
health supervision visit, as is the administration of standardized screening tests at the 9-, 18-, and 30-month visits. 
Developmental concerns elicited on surveillance at any visit are to be followed by standardized developmental screening 
testing or direct referral to intervention and specialty medical care. Special attention to surveillance is recommended at the 
5- to 6-year well-child visit, prior to entry into elementary education, with screening completed if there are any concerns.22

Measures and Procedure
Exposures
The ESSENCE-questionnaire (ESSENCE-Q) is a tool based on the ESSENCE concept. It is a screening questionnaire 
developed to speed up the detection of children in need of work-up for an NDD of any sort.26,27 It has been applied in 
two ways: to be self-administered by parents and/or caregivers, or expert-administered as a brief interview by a clinician/ 
trained nurse. It is intended for use in both clinical practice and population research. It covers 12 developmental areas (1. 
General development, 2. Motor development, 3. Sensory reactions, 4. Communication, 5. Activity, 6. Attention, 7. Social 
interaction, 8. Behaviour, 9. Mood, 10. Sleep, 11. Feeding, 12. Funny spells) scored as No problem=0, Maybe/a little=1, 
Yes=2. It has been validated as a parental-questionnaire for preschool children undergoing public health check-ups, and 
children referred for neurodevelopmental assessment.28,29 The instrument requires no specific training and is intended for 
screening purpose. It does not render a diagnosis, but may highlight the need for further investigations of functional areas 
negatively affected in NDDs.

In this study, we examined the utility of a novel method to administer the ESSENCE-Q. We used it as a template for 
reviewing medical records for possible ESSENCE problems indicative of NDDs. It was completed independently by 
three raters representing different specialties: Pediatric Neurology, Child Psychiatry and Adult Psychiatry. None of the 
raters had previous contact with, or knowledge about diagnostic status of the participants. For the purpose of comparing 
a possible impact of specialty training received by the raters and not the influence from familiarity with NDDs and the 
ESSENCE concept, they did not receive any specific training in the concept of ESSENCE or completing the ESSENCE- 
Q in the frame of the study.

Outcomes
Because the study aimed to evaluate a screening measure, we reasoned that the highest validity (given reality of resources 
at hand) would only be attained if the whole group was assessed (symptomatic and non-symptomatic children alike). For 
this reason, making full diagnostic assessments of each participant was unfeasible, as it is a very resource-intensive effort 
in a research study, and therefore done very rarely. This choice came at the cost of diagnostic precision, as no interview 
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formally assessing diagnostic criteria could be performed. At the same time, we argued that the wide range of informants 
and sources collected would allow for a credible estimation of the clinical gestalt, with regard to broad symptom areas 
and degree of impairment. As described previously, we therefore rated each participant with the clinical global 
impression – severity instrument (CGI-S).18,21 The CGI-S reflects the clinician’s impression of degree of impairment 
with reference to the distribution of the specific condition under study, based on all available information about the 
participant. In a clinical setting based on our experience, participants with CGI 1–3 would not be referred for work-up in 
regular health care (child psychiatry), whereas participants with CGI 4–7 would likely have symptoms/impairments 
warranting clinical attention and likely diagnosis (For a detailed description and examples of the CGI-S rating, see 
Landgren et al).

Statistics
Interrater Agreement
Since the kappa statistic was introduced by Cohen, multiple measures of agreement have been developed including 
Fleiss’ kappa, intraclass correlation coefficient (ICC), and model-based kappa.30 We chose a model-based approach 
developed by Nelson et al,31,32 because when applicable it was the most flexible and methodologically robust approach. 
Whereas the original kappa statistic handles binary data, the model-based kappa accommodates ordinal data, allows for 
multiple raters, incomplete cases, as well as unbalanced data, and is unaffected by underlying prevalence rates of the 
condition at study (Cohen’s kappa is influenced by the prevalence rate of the classifications).32,33

The specific measures used were model-based kappa (range 0–1) for binary classifications, and model-based 
association (range 0–1), which is the equivalent of kappa for ordinal (>2 levels) classifications. By taking the distance 
between discordant ratings into account, the association measure “credits” similarity across ratings (A discordant rating 
of 4 and 5 gets more “credit” than a rating of 3 and 5), typically making the association larger than the absolute 
agreement, which only “credits” perfect concordance.30

We tested the model-based kappa association for the 12 items (range 0–2). We also made three dichotomized analyses 
with the model-based kappa for binary classifications of ESSENCE-Q comprising none vs ≥ one “maybe”, none vs ≥ one 
rating “Yes”, and none vs ≥ one either “yes” or “maybe”.

Agreement between all raters in the summary score of the ESSENCE-Q (range 0–24) was measured with the ICC. 
The ICC measures the strength of inter-rater agreement with continuous or ordinal rating scales, assuming values ranging 
from 0 to 1, with 1 indicating perfect correlation and 0 indicating no correlation. We analyzed a two-way random-effects 
model as described by Shrout and Fleiss34 where both subjects and raters are handled as random effects.35 We did 
analyses tailored both for agreement (ICC2,k) and consistency (ICC3,k), separately. The ICC for absolute agreement 
captures the degree to which raters assign the same score, whereas ICC for consistency captures whether a systematic 
error may account for low agreement, and if so renders the ICC for consistency higher than that of agreement. Lastly, we 
tested the test–retest reliability of the summary score rated 1 year apart for one rater with a two-way mixed effects model 
of agreement (ICC 3,1).35 The Kappa coefficient was interpreted according to McHugh36 and ICC according to Koo and 
Li (<0.5 = poor, 0.5–0.75 = moderate, 0.75–0.9 = good, >0.90 = excellent).35 All interrater analyses were performed in 
R version 3.6.3,37 using the psych38 and modelkappa39 package.

Outcome
The predictive validity of the ESSENCE-Q was tested against a binary definition where a CGI-S of 1–3 was negative, 
and CGI-S 4–7 was positive for clinically relevant NDPs. The AUC of the ESSENCE-Q as rated by each rater was 
reported, along with receiver operating characteristic (ROC) curves. We reported classification tables with each 
diagnostic cutoff, including sensitivity, specificity, accuracy (proportion accurately classified, [true positive + true 
negative/all positive and negative]) negative predictive value (NPV=true negative/all negative) positive predictive 
value (PPV=true positive/all positive), Youden index (sensitivity + specificity −1), positive (LR+) and negative like-
lihood ratio (LR-) (LR+=true positive/false positive, LR-=true negative/false negative). Analyses were performed with 
the pROC package.40
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Results
Out of 348 eligible children, 223 (63%) participated in the study, and the school nurses provided medical records for 201 
participants (Figure 1). There were no data available for dropout analysis. However, because non-participation varied 
considerably across academic years and classes, it was considered reflective of the school principals’ degree of 
engagement with the project, rather than specific parental or child characteristics. Out of the 201 participants providing 
medical records, 198 provided CHC medical records, 198 provided SHC medical records and 196 provided both. 
Because raters received the medical records sequentially during the study period, some cases were not available to all 
raters. All three raters reviewed 173 CHC medical records, 192 SHC medical records and of those 169 provided medical 
records from both CHC and SHC.

ESSENCE-Q Rated Records
Distributions of ESSENCE-Q summary scores by rater are described in Figure 2 and Table 1. Distributions were skewed, 
with the majority of participants assessed with no or very little concern in CHC medical records by all raters, but for 
a substantial proportion (22–42%) “some” concern was noted (Figure 2, Table 1). The proportion of participants of whom 
any concern was noted increased greatly in ratings of the SHC medical records (44–93%) and were the largest when 
reviewing both medical records sources combined (46–95%).

CHC and SHC records

SHC reco r ds

CHC re co rd s

0 2 4 6 8 10 12 14 16 18 20 22

0%

20%

40%

60%

80%

0%

20%

40%

60%

80%

0%

20%

40%

60%

80%

ESSENCE−Q summary score (0−24)

Adult psychiatrist

Child neurologist

Child psychiatrist

Figure 2 Distributions of ESSENCE-Q summary scores by rater and record source. 
Notes: Percentage of ESSENCE-Q summary scores (range 0–24) by rater and record source. 
Abbreviations: ESSENCE-Q, Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical Examinations-Questionnaire; CHC, child health care; SHC, school health 
care.
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As displayed in Figure 3A–C, proportions scored as abnormal varied considerably between items and raters. In CHC 
records, communication (item 4) was the item most frequently eliciting an abnormal response. In review of both SHC 
and CHC + SHC medical records combined, there was a large increase in abnormal responses in general, with feeding 
(item 11), sleeping (item 10), mood (item 9), attention (item 6) and sensory reactions (item 3) most commonly scored as 
abnormal. The adult psychiatrist had the least proportion of ratings scored as abnormal, whereas the child psychiatrist had 
the highest. The child neurologist had the greatest tendency to rate items as “maybe”, whereas the adult psychiatrist 
tended to rate items as either “No” or “Yes”.

Item-Specific Agreement
Figure 4A–C displays model-based kappa coefficients with 95% confidence interval (CI) of agreement between all three 
raters. For the CHC medical records, agreement was moderate/strong (~0.8) for most items, except for sensory reactions, for 
which there was no agreement (~0.1). For the SHC medical records and CHC+SHC medical records combined agreement 
remained moderate to strong for most items, but decreased to minimal/weak (~0.3) for the general development, mood, sleep 
and feeding items and sensory reactions showed no agreement. There was no agreement for at least one rating of “maybe” 
(~0.1), whereas at least one rating “yes” and one rating either “maybe” or “yes” showed weak agreement (~0.5) for CHC 
records, and minimal agreement (~0.3) for SHC records and CHC+SHC records combined.

ESSENCE-Q Summary Score Interrater Agreement
Measured with the ICC, concordance in the summary score was good for agreement (~0.8) and excellent (~0.9) for 
consistency (Table 2), a difference indicating minor systematic measurement error between raters (Figure S1A–C).

Table 1 Distributions of ESSENCE-Q Summary Scores by Rater and Record Source

ESSENCE-Q Summary Score 
(Range 0–24)

Child 
Psychiatrist

Child 
Neurologist

Adult 
Psychiatrist

Child health care records

Mean (SD) 1.7 (2.6) 1.0 (1.8) 0.7 (1.7)

Distribution, n (%) n=179 n=178 n=193
0 96 (54) 117 (66) 153 (79)

1–2 48 (27) 43 (24) 24 (12)

3–6 25 (14) 16 (9) 14 (7)
>6 10 (6) 2 (1) 2 (1)

School health care records
Mean (SD) 6.5 (4.8) 4.4 (4.1) 2.8 (4.0)

Distribution, n (%) n=197 n=192 n=193

0 18 (9) 50 (26) 90 (47)
1–2 34 (17) 33 (17) 41 (21)

3–6 68 (35) 66 (34) 33 (17)

>6 77 (39) 43 (22) 29 (15)
Child health and school service 

records

Mean (SD) 7.1 (4.8) 4.9 (4.2) 3.0 (4.1)
Distribution, n (%) n=176 n=175 n=190

0 11 (6) 36 (21) 83 (44)

1–2 25 (14) 27 (15) 42 (22)
3–6 64 (36) 68 (39) 34 (18)

>6 76 (43) 44 (25) 31 (16)

Notes: Distributions of ESSENCE-Q summary scores (range 0–24) by rater and record source. Three 
raters, child psychiatrist, child neurologist and adult psychiatrist, scored medical records for signs of possible 
neurodevelopmental symptoms. 
Abbreviation: ESSENCE-Q, Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical 
Examinations-Questionnaire.
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ESSENCE-Q Summary Score Intra-Rater Reliability
The intra-rater test–retest reliability of the ESSENCE-Q rating for the child psychiatrist (n=20) was excellent for CHC 
medical records (ICC1 = 0.97, 95% CI 0.94–0.99), SHC medical records (ICC1= 0.91, 95% CI 0.83–0.96) and both 
combined (ICC1 = 0.91 95% CI 0.82–0.96) and can be inspected in Figure S2.

Outcomes
Out of the 201 participants rated by any rater, 75 (37%) were judged to have clinically relevant NDPs (CGI-S 4–7), and 
126 (63%) as having scant or negligible NDPs. ESSENCE-Q-ratings of CHC + SHC records were positively correlated 

A B

C

Figure 3 (A–C) Proportions of responses by rater and ESSENCE-Q item in CHC records (A), SHC records (B) and CHC+SHC records (C). 
Notes: Proportion of responses “No”, “Maybe” and “Yes” for each item (1–12) in the ESSENCE-Q for possible ESSENCE-related problems, followed by any occurrence of 
≥1 rating “Maybe”, ≥1 “Yes” or ≥1 either “Maybe” or “Yes” in any of the 12 items. 
Abbreviation: ESSENCE-Q, Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical Examinations-Questionnaire.
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Figure 4 Interrater agreement in scoring the ESSENCE-Q from CHC records (A), SHC records (B) and CHC+SHC records (C). 
Notes: Rhombus depicts point estimate and lines 95% confidence interval of model-based kappa association for items 1–12, and model-based kappa coefficient for binary 
ratings (≥1 rating “maybe”, ≥1 rating “Yes”, ≥1 rating “Yes” or “maybe”). 
Abbreviation: ESSENCE-Q, Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical Examinations-Questionnaire.
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with the clinical impairment as measured with the CGI-S (CGI-S vs Child psychiatrist Spearman r = 0.65 [n=175], CGI- 
S vs Adult psychiatrist r = 0.60 [n=190], CGI-S vs Child neurologist r = 0.59, [n=176], all p<0.001, Figure 5A–C).

ROC-curves of the capacity of medical records-rated ESSENCE-Q in predicting clinically relevant NDPs (CGI-S of 
4–7) are displayed in Figure 6A–C (Corresponding classification tables provided in Table S1A–C). The AUC of the 
raters was similar (child psychiatrist 0.84 95% confidence interval [CI] 0.78–0.91 [n=176], child neurologist 0.81 95% CI 
0.74–0.88 [n=175], adult psychiatrist 0.84 95% CI 0.78–0.90 [n=190]). Cutoffs with the highest accuracy (proportion 
accurately classified, [true positive + true negative/all positive and negative]) differed between the raters (child 
psychiatrist ≥8, 81% accuracy, child neurologist ≥3, 79% accuracy, adult psychiatrist ≥2, 79% accuracy). The predictive 
value for NDPs from ESSENCE-Q rated SHC-records only was low, with an AUC ~ 0.6 for all three raters.

Discussion
Key Results
We found that signs of NDPs are readily identifiable in CHC medical records and increasingly so in SHC records when 
rated with the ESSENCE-Q by a physician. Interrater agreement in the ESSENCE-Q summary score of medical record 
ratings measured with the ICC was good to excellent. Further, the ESSENCE-Q ratings based on the medical records 
were moderately correlated with clinical impairment measured with the CGI-S, and the AUC of the ratings in predicting 
clinical-level impairment was not negligible.

Interpretation
Prevalence
Even by the most restrictive rater (adult psychiatrist), some concern was noted in the CHC records for almost one-fifth of 
participants, increasing to half of the study population when including SHC records. We stress that concerns elicited are 
not specific for NDDs. For example, feeding or mood problems may be due to medical conditions or social circum-
stances. Nevertheless, signs of possible neurodevelopmental problems are identifiable by scrutinizing medical records 
and are common. This implies that there is potentially useful information pertaining to NDDs to be found upon scrutiny 
of records. It has been described that clinically significant ESSENCE concerns present before 3–5 years of age, with 
a duration of at least 3 months and is evident in 10% of the general population.2 The estimates herein were higher and 
may be inflated. On the contrary, multiple studies with inclusive definitions of neurodevelopmental and/or general mental 
health problems in children find them to be common if assessed longitudinally, and that lifetime prevalence increases as 
more developmental ages are taken into account, approaching numbers in the present study.41–43

Item-Specific (Dis)agreement
Several items in the questionnaire (motor function, communication, attention, social interaction, behavior) showed strong 
agreement (~0.8), whereas some (general development, mood, sleep, feeding and sensory reactions) consistently showed poor 
(~0.3) or almost no agreement (~0.1). One reason may be that the former items are hallmark symptoms of NDDs having been 

Table 2 Intraclass Correlation Coefficients for the ESSENCE-Q Summary Score

Source ICC Formula ICC (95% Confidence Interval) Observations

CHC records ICC2,k 0.88 (0.84–0.91) 173
CHC records ICC3,k 0.89 (0.86–0.91) 173

SHC records ICC2,k 0.86 (0.67–0.92) 192

SHC records ICC3,k 0.92 (0.91–0.94) 192
CHC+SHC records ICC2,k 0.85 (0.64–0.91) 169

CHC+SHC records ICC3,k 0.92 (0.90–0.93) 169

Notes: ICC for the ESSENCE-Q summary scores of the three raters (adult psychiatrist, pediatric neurologist, child 
psychiatrist) for agreement (ICC3,k) and consistency (ICC2,k). 
Abbreviations: ICC, Intraclass correlation coefficient; CHC, child health care; SHC, school health care; ESSENCE- 
Q, Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical Examinations-Questionnaire.
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A

B

C

Figure 5 Correlation plot of ESSENCE-Q (range 0–24) rating and Clinical Global Impression – Severity (range 1–7) for the three raters. (A) Child psychiatrist (n=175), (B) 
child neurologist (n=176), (C) adult psychiatrist (n=190). 
Note: R denotes Spearman’s rank correlation between the two variables.
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C

Figure 6 Receiver operating characteristic curves of the classification accuracy of the ESSENCE-Q in detecting clinically impairing neurodevelopmental problems (a Clinical 
Global Impression-Severity rating of 4–7) for the three raters. (A) Child psychiatrist (n=176), (B) child neurologist (n=176), (C) adult psychiatrist (n=190). 
Notes: Points and numbers denote selected cutoffs in the ESSENCE-Q. Clinically relevant neurodevelopmental problems were found in 75 of 201 participants with records 
rated by any rater.
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in clinical use for many years, whereby clinicians are familiar with assessing them.44 Problems with attention are the defining 
characteristic of attention-deficit/hyperactivity disorder, and social interaction problems are the core symptom of autism 
spectrum disorder (ASD).45 In contrast, some of the latter items (mood, sleep and feeding) are less specific for NDDs. While 
problems with mood and sleep often precede the typical manifestations of NDDs and frequently co-occur,2,46 they are not part 
of diagnostic criteria for NDDs and they may sometimes be better explained by psychosocial factors (eg, problems with family 
or peers causing insomnia and anxiety) or medical problems (eg, allergy or gastrointestinal conditions causing problems with 
feeding). Atypical sensory processing has in recent years been increasingly recognized as part of the NDD-spectrum and it is 
a diagnostic criterion for ASD as well as avoidant/restrictive food intake disorder in the diagnostic and statistical manual of 
mental disorders – fifth version (DSM-5).45,47–49 Due to its fairly recent inclusion as a diagnostic criterion and the fact that 
clinicians in Sweden still in parallel with DSM-5 rely on the International Classification of Diseases – version 10 for assigning 
diagnoses, the familiarity with inferring indirect signs of atypical sensory processing may vary between clinicians more than 
that of, eg, social interaction or attention problems.

Additionally, some observations may be consistent with several items in the questionnaire and decrease their 
agreement. Eating problems may be interpreted as problems with feeding, or as problems with sensory reactions, 
whereby the same observation is rated under different items. If this was the case, this could be reflected in higher 
agreement for the occurrence per se of positive ratings than in the specific items of interest. Looking at the data, there 
was virtually no agreement in occurrence per se of “maybe/a little” (1). However, the occurrence of “Yes” (2), as well as 
either “Maybe/a little” or “Yes” (1 or 2) had weak agreement. This is consistent with at least some item substitution in the 
classifications (the same observation coded by raters under different items). As we argue below, absence of agreement in 
ratings of “Maybe/a little” (1) may in view of the high agreement in the summary score imply a calibration effect (ie, 
raters differ in their vigilance for clinically significant concern).

Summary Score
Interrater agreement in the summary score vas good to excellent, and indicated minor systematic measurement error. The 
ICC 2,k formula penalizes the agreement for systematic measurement error (raters scoring higher or lower than other 
raters, but in a consistent manner), whereas the ICC 3,k formula for consistency describes the degree to which ratings are 
correlated “in an additive manner”, ignoring systematic measurement error and therefore provides the most favorable 
measure.35 Substantial difference between these two types of ICC identifies systematic bias as an important contributor to 
low agreement.50 As reflected in the difference in mean scores between raters (Table 1), the systematic bias is likely an 
effect from raters being calibrated differently in sensitivity for signs of ESSENCE-related problems. Although largely 
agreeing, they differ in how many points are assigned to the concern noted.

Outcomes
As discussed in Landgren et al, the rate of clinically significant problems in this cohort (CGI ≥ 4 in 37%) was higher than 
expected and may be due to several factors.18 Selection effects (families experiencing problems may be more prone to 
participate and those without problems more prone to decline), a more demanding school environment that make 
“borderline cases” with NDPs clinically impaired, or that studies relying on statistically motivated cutoffs may under-
estimate the prevalence of NDPs in this age group may be reasons. The AUC of the ESSENCE-Q rated medical records 
were in the range of ~0.80, which is similar to that of other screening measures for NDDs in this age-group, such as the 
SDQ.17

Limitations and Generalizability
The study has some limitations. Interrater agreement was tested for only three raters and to what extent their personality 
impacted their rating, and whether their competence is generalizable to physicians of their specialties is unknown.

The amount of information in the records reflect habits of Swedish health services and may not be generalizable to 
other countries. For example, the amount of information may yield less in a similar screening in a setting using non- 
computerized records.
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Although the wide inclusion criterion was the strength of the study, the high attrition rate (51%) is considerable, and 
findings warrant corroboration, ideally in another cohort. There were a wide range of sources available for the CGI-S 
assessments, but formal diagnostic interviews for specific NDDs could not be performed.

As mentioned above, the differences in calibration between raters preclude the selection of one optimal cutoff for the 
instrument, in spite of acceptable AUCs from each individual rater’s prediction. That the statistically optimal cutoff for 
each rater differed (2, 3, and 8) underlines the possibility that clinicians may be differentially calibrated in their vigilance 
for NDPs. Because the diagnosis of a NDD is based on symptoms and clinical judgement, a single instrument and cutoff 
with perfect discrimination is unlikely to emerge. Rather, it is the judicial use of multiple sources of information (self- 
report, collateral information, clinical examination, medical records) that form the basis for well-grounded diagnosis of 
NDDs. Within such a context, use of the ESSENCE-Q as a template in medical records screening may provide a scaffold 
for incorporating the findings into clinical decision-making.

Future Research
Generalizability of the method would improve by having a larger pool of raters and professions (eg, nurse, psychologist) 
and would ideally be tested in another cohort. Whether reliability could be improved further by recording key 
observations of special significance (eg, early referrals, anthropometric measurements) or applying a scoring guide 
should be investigated. This must be weighed against the simplicity of using the instrument as it is, which requires no 
specific training. Given proper clinical validation with regard to NDPs and clinical diagnoses, algorithms derived from 
machine learning could potentially assist in the screening process.

Conclusion
The use of ESSENCE-Q for medical records screening was proven feasible with regard to identification of signs and 
interrater agreement, and was associated withthe degree of NDPs. It may provide heuristic for screening and an 
additional tool work-up of NDDs in a consistent manner and warrants future validation studies.
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