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Intellectual disability is a neurodevelopmental disorder 
affecting approximately 1% to 3% of the global population, 
and it imposes a significant economic burden on families, 
healthcare services, and societies.1 It can be caused by 

genetic or acquired factors, such as exposure to hazardous 
chemicals, infection during pregnancy, birth asphyxia, and 
childhood diseases such as herpes encephalitis or severe 
brain injury.2 The genetic aetiology of intellectual disability 
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Abstract
Aim: To examine the clinical and genetic characteristics of intellectual disability.
Method: We conducted a population-based retrospective analysis on the clinical and 
genetic data of 959 children with diagnosed intellectual disability during a 5-year 
period (2017–2021) at Oulu University Hospital, Finland.
Results: Pathogenic or likely pathogenic gene variants were detected in 89 of 194 
patients (46%) who underwent exome sequencing. Chromosomal abnormalities, 
including those with low penetrance, were observed in 106 of 530 patients (20%) 
who underwent chromosomal microarray testing. Chromosomal abnormalities and 
causative gene variants were more frequently identified in patients with moderate to 
profound intellectual disability than in those with mild intellectual disability; how-
ever, this difference was not significant in the diagnostic yield analysis. Epilepsy, 
congenital heart disease, hearing loss, ophthalmological abnormalities, and autism 
spectrum disorder were more common among patients with moderate to profound 
intellectual disability, whereas attention-deficit/hyperactivity disorder was associ-
ated with mild intellectual disability. Chromosomal abnormalities were associated 
with congenital heart disease and hearing loss, while pathogenic gene variants were 
associated with epilepsy and ophthalmological abnormalities.
Interpretation: Somatic comorbidities were more common in moderate to profound 
intellectual disability, whereas attention-deficit/hyperactivity disorder was more fre-
quent in mild intellectual disability.
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is highly heterogeneous, comprising various chromosomal 
abnormalities as well as pathogenic variants in single genes. 
It has been estimated that approximately 2000 genes are 
involved in intellectual disability.3

Genetic aetiologies have been studied more thoroughly 
in individuals with severe intellectual disability, while 
their significance in mild intellectual disability is less 
established. De novo pathogenic gene variants or chro-
mosomal abnormalities are the most common cause of 
intellectual disability.4 The proportion of autosomal re-
cessive variants causing intellectual disability increases 
in populations where consanguineous marriages are com-
mon.5,6 A polygenic inheritance model has been suggested 
to explain at least part of mild intellectual disability.6,7 
Phenotypic spectra and causative genetic variants vary 
widely by ethnicity.

In this study, we delineate the clinical and genetic charac-
teristics of intellectual disability in a population-based unse-
lected clinical cohort of patients with the disorder.

M ETHOD

Clinical data

The study population included children diagnosed with in-
tellectual disability who visited Oulu University Hospital, 
Finland, over a 5-year period (2017–2021). Inclusion crite-
ria were patients younger than 18 years with a diagnosis of 
intellectual disability during the study period. The list of 
diagnoses in the International Classification of Diseases, 
10th Revision (ICD-10) included the group F70–F79 and ae-
tiological diagnoses typically indicating intellectual disabil-
ity (E72.5; E75.0,1,2,4,6; E76.0,1,2,3,8,9; E77.0,1,8,9; E79.1; 
E88.8; F84.2; Q00.0; Q03.81; Q04.00; Q04.2; Q04.51; Q86.0; 
Q87.01,05,12,15,18,19,23,30,31,38,83–86; Q90; Q91; Q92; 
Q93; and Q99.2) as described earlier.8 In total, there were 
1160 children with any of the above-mentioned ICD-10 di-
agnoses during the study period. The presence of intellectual 
disability, especially in addition to the aetiological diagno-
ses, was confirmed by manual inspection of medical records. 
Individuals whose diagnosis of intellectual disability could 
not be confirmed by retrospective evaluation of clinical re-
cords (n = 154) and those living in other hospital districts 
with insufficient data available (n = 47) were excluded from 
the analysis, leaving a cohort of 959 patients with confirmed 
intellectual disability (Figure S1).

Clinical data included severity and aetiology of intellec-
tual disability, genetic laboratory results, and the presence 
of additional clinical manifestations such as hearing loss, 
ophthalmological abnormalities, congenital heart disease 
(CHD), epilepsy, attention-deficit/hyperactivity disorder 
(ADHD) (ICD-10: F90.0), or autism spectrum disorder 
(ICD-10: F84). These data were collected by retrospective re-
view of electronic clinical records.

We also assessed whether there were possible ac-
quired causes explaining the intellectual disability, such 

as known prenatal exposures, birth asphyxia, infections, 
preterm birth, or brain trauma. Preterm birth was as-
sessed according to the classification of the World Health 
Organization.9

Genetic testing and data analysis

Genetic testing was conducted from 2000 to 2022 as part 
of clinical diagnostics. The available tests varied by labora-
tory and by year of testing. Standard chromosome analysis 
was performed for 389 patients (n  =  389 out of 959, 41%). 
Chromosomal microarray analysis (CMA) was performed 
in 530 patients (n = 530 out of 959, 55%). Exome sequencing 
and/or genome sequencing were programmed in 194 out of 
959 (20%) and 11 out of 959 (1%) of the cohort respectively. 
Standard chromosome analysis and CMA were performed 
for 149 out of 959 (16%) of patients. CMA combined with 
exome sequencing was performed for 166 out of 959 (17%) of 
patients, and all three tests—standard chromosome analy-
sis, CMA, and exome sequencing—were performed for 55 
out of 959 (6%) of patients. A next-generation sequencing-
based gene panel was performed for 25 out of 959 (3%) of pa-
tients. Sanger sequencing of whole genes was performed for 
98 out of 959 (10%) of the cohort. Targeted testing of known 
familial variants was performed for 9 out of 959 (0.9%) of 
patients. Tests for fragile X repeat expansions, Prader–Willi 
syndrome, or Angelman methylation were performed in 382 
out of 959 (40%), 30 out of 959 (3%), and 10 out of 959 (1%) 
of the cohort respectively, on the basis of clinical suspicion. 
Targeted fluorescence in  situ hybridization was performed 
in 64 out of 959 (7%). Targeted testing of Finnish founder 
variants was performed in 61 out of 959 (6%) of patients on 
the basis of clinical suspicion.

The identified sequence variants were classified using 
criteria of the American College of Medical Genetics and 
Genomics.10 Pathogenic or likely pathogenic variants were 
considered clinically significant and included in the diag-
nostic yield analysis. Before 2020, when the guidelines of 

What this paper adds

•	 Clinical comorbidities differ by the severity of 
intellectual disability.

•	 Somatic comorbidities and autism are more 
prevalent in moderate to profound intellectual 
disability.

•	 Attention-deficit/hyperactivity disorder is more 
frequently diagnosed in individuals with mild in-
tellectual disability.

•	 Enrichment of population-specific variants asso-
ciated with intellectual disability was observed.

•	 Eleven per cent of patients with pathogenic vari-
ants had a potentially treatable aetiology.
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the American College of Medical Genetics and Genomics 
for structural variants were released,11 chromosomal abnor-
malities were not classified according to the modern criteria; 
reclassification of older reported structural variants was not 
performed.

Statistical significance between different subgroups was 
analysed using two-tailed Fisher's exact and χ2 tests. We used 
logistic regression analysis to assess whether severity of in-
tellectual disability was associated with the likelihood of in-
dividuals having a pathogenic variant detected either in the 
CMA or in the exome sequencing test. Logistic regression 
was also used to assess whether the aetiology of intellectual 
disability was associated with the likelihood of comorbidi-
ties. Age and sex were used as covariates in both logistic re-
gression analyses. All the statistical analyses were conducted 
using SPSS software, version 29 (IBM Corp., Armonk, NY, 
USA). Bonferroni correction was applied to account for mul-
tiple comparisons and Bonferroni corrected p-values were 
calculated.

Variants' population frequencies were obtained from the 
Genome Aggregation Database (gnomAD version 4.1.0).12 
Variants were considered Finnish-enriched if the allele 
frequency in the Finnish population was at least threefold 
greater than any other population, or if the variant was pres-
ent only in the Finnish population.

Ethical approval

The study was performed according to the Declaration 
of Helsinki and approved by the Northern Ostrobothnia 
Hospital District (IDGEN 10/2022, accepted 19 May 2022). 
Written informed consents were not required for this study 
in accordance with national guidelines.

R E SU LTS

Clinical characteristics

The cohort included 959 patients: 560 males and 399 females. 
The mean age was 10 years 8 months (SD 5 years 6 month) 
and the median age was 10 (interquartile range 9) years. 
Demographic and clinical characteristics of the patients are 
summarized in Table 1, and Table 2 presents the associated 
phenotypes across aetiological categories. Notably, epilepsy 
was most common among patients with a non-genetic aetiol-
ogy (n = 49 out of 90, 54%).

In the cohort with Down syndrome, 62 out of 143 (43%) 
had CHD; 33 out of 143 (23%) had hearing loss; 43 out of 143 
(30%) had ophthalmological abnormalities such as strabis-
mus; 11 out of 143 (8%) were diagnosed with epilepsy; and 6 
out of 143 (4%) were diagnosed with an ADHD.

In total, 31 out of 959 (3%) members of the cohort were 
deceased. The most common aetiological diagnoses were 
non-ketotic hyperglycaemia (E72.5, 11 cases), other intel-
lectual disability causing inherited syndromes (six cases) 

and Down syndrome (Q90.0, four cases). Other diagnoses 
were trisomies Q91 (three cases), brain malformations (three 
cases), and other causes (idiopathic causes, traumas, and un-
known, four cases).

Genetic results

Overall, pathogenic or likely pathogenic gene variants or 
chromosome abnormalities underlying the intellectual dis-
ability were identified in 437 out of 959 (46%) of patients 
(Figure 1a and Table S1).

Chromosomal abnormalities were identified in 272 out of 
959 (28%) of the cohort. The most common chromosomal 
abnormality was 21-trisomy, explaining 143 out of 959 (15%) 
of intellectual disability. There were four cases of trisomy 13 
or 18. Other chromosomal abnormalities detected included 
79 out of 959 (8%) deletions, 25 out of 959 (3%) duplications, 

T A B L E  1   Demographic and clinical characteristics of the 959 
patients evaluated in this study.

Characteristic n %

Sex

Male 560 58

Female 399 42

Age (years)

0–4 126 13

5–9 316 33

10–14 242 25

15–19 211 22

20+ 64 7

Ethnicity

Finnisha 928 97

Other 31 3

Severity of intellectual disability

Mild 366 38

Moderate 175 18

Severe 120 13

Profound 60 6

Unspecified 238 25

Comorbiditiesb

Epilepsy 254 26

Congenital heart diseases 137 14

Hearing loss 106 11

Ophthalmological abnormality 303 31

Any neuropsychiatric disorder

Attention-deficit/hyperactivity disorder 126 13

Autism spectrum disorder 54 7

Total 959

aIndividual was considered Finnish if at least one of his parents was of Finnish 
ancestry.
bSome individuals presented with multiple comorbidities.
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13 out of 959 (2%) complex aberrations, and 8 out of 959 (1%) 
other causative abnormalities.

Pathogenic or likely pathogenic sequence variants ex-
plaining the intellectual disability were identified in 165 
out of 959 (17%) of patients. Pathogenic or likely patho-
genic variants were consistent with an autosomal recessive 

mode of inheritance in 53 out of 165 (32%) cases (homozy-
gous in 74% [n = 39] and compound heterozygous in 26% 
[n = 14]); autosomal dominant in 81 out of 165 (49%); X-
linked recessive in 15 out of 165 (9%); and X-linked dom-
inant in 15 out of 165 (9%) (Figure 1b). A total of 55 out of 
81 (68%) of autosomal dominant and 10 out of 15 (67%) of 

T A B L E  2   The number of patients with associated comorbidities in different aetiological categories.

Down syndrome 
(n = 143)

Other chromosomal 
abnormalities (n = 129)

Pathogenic/likely pathogenic 
variants (n = 165)

Unknown 
(n = 410)

Non-genetic 
aetiology (n = 90)

n (%) n (%) n (%) n (%) n (%)

Epilepsy 11 (8) 33 (26) 69 (42) 89 (22) 49 (54)

CHDs 62 (43) 29 (23) 12 (7) 26 (6) 7 (8)

Hearing loss 33 (23) 18 (14) 18 (11) 20 (5) 13 (14)

Ophthalmological 
abnormality

43 (30) 47 (36) 80 (49) 89 (22) 40 (44)

ADHD 6 (4) 16 (12) 9 (6) 78 (19) 14 (16)

ASD 0 (0) 3 (2) 6 (4) 43 (11) <3a (<3)

Note: Some individuals presented with multiple comorbidities. Patients with fragile X syndrome are not included owing to the low number of individuals (n = 17).
Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder; CHDs, congenital heart diseases.
a<3 means one or two individuals.

F I G U R E  1   Aetiological factors and comorbidities in the cohort. (a) All aetiologies of intellectual disability (n = 959). (b) Modes of inheritance in 
monogenic intellectual disability (n = 165). (c) Epilepsy, congenital heart diseases, hearing loss, ophthalmological abnormalities, and ASD were more 
common in patients with moderate, severe, and profound intellectual disability than in those with mild intellectual disability. In contrast, ADHD was 
more common among patients with mild intellectual disability. Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ASD, autism spectrum 
disorder; VUS, variant of unknown significance.
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X-linked dominant variants were confirmed de novo. The 
most common causative genes were GLDC causing glycine 
encephalopathy (n  =  11), MECP2 causing Rett syndrome 
(n  =  8), and SLC17A5 causing infantile sialic acid stor-
age disorder (n  =  5). A variant of unknown significance 
(either sequence or chromosomal) was discovered for 46 
out of 959 (5%) of the cohort. Classification of causative 
genes demonstrated heterogeneity in the biological pro-
cesses and protein classes involved in the pathogenesis 
of intellectual disability (Figure S2). Autosomal recessive 
Finnish-enriched variants causing the intellectual dis-
ability were identified in 39 patients in 19 distinct genes 
(Table  S2). A Finnish-enriched variant was identified in 
at least one allele in 39 out of 53 (74%) and in both alleles 
in 36 out of 53 (68%) of all patients with recessive inheri-
tance. In addition, Prader–Willi syndrome was confirmed 
in seven patients and Angelman syndrome in fewer than 
three patients. Five patients were assessed as having a dual 
diagnosis explaining their intellectual disability.

Likely pathogenic or pathogenic gene variants were more 
common in the groups with epilepsy and ophthalmologi-
cal abnormality comorbidity than in negative comparison 
groups (OR 2.07, 95% confidence interval [CI] 1.44–2.99; 
and OR 2.52, 95% CI 1.77–3.60). Chromosomal abnormal-
ities were more common in the group with CHD comorbid-
ity compared with the negative comparison group (OR 3.80, 
95% CI 2.25–6.41) (Table S3).

We searched the treatable intellectual disability website 
(https://​www.​treat​able-​id.​org/​) to identify genes associated 
with intellectual disability that have potential therapeutic 
targets and then reviewed the use of suggested treatment 
options in our cohort.13 Altogether, 18 out of 165 individu-
als (11%) had likely causative variants in seven genes: AGA, 
ATP7A, CPS1, GLDC, IDS, MT-TL1, and PDHA1, all with 
potential therapeutic targets. Pharmacological and nutri-
tional therapies and vitamin supplementation were used 
for conditions related to CPS1, MT-TL1, and PDHA1. GLDC 
Finnish founder variants cause severe neonatal non-ketotic 
hyperglycinaemia, leading to fatal outcomes during the 
perinatal period; therefore, no treatments were considered. 
For other patients, treatments were not considered owing 
to limited availability or insufficient evidence at the time 
of evaluation.

Non-genetic factors explaining intellectual 
disability

Ninety patients in the cohort (90 out of 959, 9%) had non-
genetic factors contributing to their intellectual disability. 
The most common non-genetic causes included 19 patients 
with birth asphyxia, 16 born preterm, 15 with brain haemor-
rhage, eight with central nervous system infection (human 
herpesvirus, cytomegalovirus, or tick-borne encephalitis), 
eight with ischemic brain injury, seven with brain malfor-
mations, and four with malignant brain tumours. Thirteen 
patients had other acquired causes probably explaining the 

intellectual disability including traumas and idiopathic 
causes. In all, 24 patients were born preterm: 12 extremely 
preterm (<28 gestational weeks), eight very preterm (28–
32 weeks), four moderate to late preterm (32–37 weeks), or the 
preterm birth status was not determined. Eighteen patients 
had two or more non-genetic factors presumably contribut-
ing to their intellectual disability. Non-genetic aetiologies 
were more likely among patients with epilepsy (n = 49 out of 
90, 54%; OR 3.83, 95% CI 2.44–6.04; p < 0.001) than among 
those without epilepsy (Table S3).

Dual diagnosis

Five patients were found to have multiple likely causes ex-
plaining their intellectual disability, such as a combination 
of a chromosomal abnormality and a pathogenic gene vari-
ant, pathogenic gene variants in two independent known 
disease-associated genes, or a genetic and non-genetic cause.

Severity of intellectual disability compared  
with aetiology and associated phenotypes

We compared the severity of intellectual disability between 
different aetiologies such as chromosomal abnormalities, 
likely causative gene variants, and acquired aetiologies 
(Tables 3 and S4). Chromosomal abnormalities and patho-
genic and likely pathogenic gene variants were identified 
more often in patients with moderate, severe, and profound 
intellectual disability compared with mild intellectual disa-
bility (p < 0.001 and p = 0.011 respectively) (Table 3), but this 
difference was not significant in the diagnostic yield analysis 
(Table 4).

Finally, we compared the severity of intellectual disability 
and the presence of epilepsy, CHD, ophthalmological abnor-
malities, hearing loss, and neuropsychiatric diagnosis such 
as autism spectrum disorder and ADHD. ADHD was more 
common in patients with mild intellectual disability com-
pared with severe forms (p < 0.001) (Tables 3 and S4), while 
epilepsy, CHD, hearing loss, and ophthalmological abnor-
malities and autism spectrum disorder were more common 
with more severe forms of intellectual disability.

Diagnostic yield of genetic testing

The diagnostic yields of CMA, exome sequencing, and frag-
ile X repeat expansion tests were 106 out of 530 (20%), 89 out 
of 194 (46%), and 17 out of 381 (4%) respectively. Table S5 
presents clinical characteristics and comorbidities among 
patients who underwent CMA and exome sequencing.

We compared diagnostic yields between patients with 
mild intellectual disability and those with moderate, severe, 
or profound intellectual disability and found no significant 
differences (Table 4). For the fragile X repeat expansion test, 
the diagnostic yield was 6 out of 210 (3%) in patients with 
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mild intellectual disability and 9 out of 123 (7%) in those 
with moderate, severe, or profound intellectual disability.

DISCUSSION

We analysed the clinical characteristics and aetiological 
factors causing intellectual disability in a large, unselected 
Finnish clinical cohort. Chromosome abnormalities or gene 
variants explained 46% of intellectual disability in this co-
hort. Pathogenic or likely pathogenic gene variants in 106 
genes and a multitude of different chromosome abnormali-
ties were detected, demonstrating the genetic heterogeneity 
of intellectual disability. Approximately half of the cases of 
monogenic intellectual disability were caused by de novo au-
tosomal dominant variants.

Variants enriched in the Finnish population accounted 
for 39 out of 165 (24%) of all pathogenic or likely pathogenic 
variants, reflecting the population's history of isolation, 
genetic drift, repeated bottleneck events, and subsequent 
population expansion, which contributed to the accumula-
tion of unique variants.14 Our cohort included 33 patients 
whose intellectual disability was caused by diseases be-
longing to the Finnish disease heritage, such as non-ketotic 

hyperglycinaemia, autosomal recessive sialuria (Finnish 
type), and aspartylglucosuria.14 The high prevalence of these 
founder variants enables the application of targeted Sanger 
sequencing to identify known pathogenic variants in Finnish 
patients presenting with phenotypes typical of Finnish dis-
ease heritage disorders. A similar genetic testing strategy 
may be applicable in other founder populations; however, 
it cannot be generalized to genetically diverse populations, 
where multiple pathogenic variants may underlie the same 
disease. This cohort is representative of the Finnish popula-
tion, as 97% of the individuals in it were of Finnish ancestry.

Notably, 18 of 165 patients (11%) with a pathogenic or 
likely pathogenic gene variant had a variant in an intellec-
tual disability gene with a potential therapeutic target.13 
Pharmacological therapies are recommended for condi-
tions associated with ATP7A, CPS1, and GLDC genes, such 
as sodium phenylbutyrate or sodium benzoate to prevent 
acute metabolic decompensation in CPS1-related disorders. 
Nutritional interventions are advised for disorders linked to 
CPS1, MT-TL1, and PDHA1, for example a ketogenic diet to 
improve cognitive or psychomotor development in PDHA1-
related disorders. Vitamin and trace element supplemen-
tation, such as thiamine, is recommended for pathogenic 
PDHA1 variants to prevent or slow clinical deterioration 

T A B L E  3   Comparison between patients with mild (n = 366) and more severe (n = 355) forms of intellectual disability.

F70 (mild) F71–F73 (moderate, severe, and profound)

n (%) n (%) p

Identified aetiological factors

Monogenic aetiologya 47 (13) 73 (21) 0.007

Pathogenic or likely pathogenic variant 41 (11) 64 (18) 0.011

Fragile X syndrome 6 (2) 9 (3) 0.444

Chromosomal aberrations 62 (17) 126 (35) <0.001***

21-trisomy 5 (1) 85 (24)

Deletions 34 (9) 27 (8)

Duplications 14 (4) 7 (2)

Other unbalanced rearrangements 9 (2) 7 (2)

Non-genetic aetiology 28 (8) 35 (10) 0.356

Unknown 226 (62) 120 (34) <0.001***

Associated phenotypes

Epilepsy 56 (15) 133 (31) <0.001***

Congenital heart diseases 33 (9) 62 (21) <0.001***

Hearing loss 25 (7) 53 (13) <0.001***

Ophthalmological abnormality 88 (24) 148 (35) <0.001***

Attention-deficit/hyperactivity disorder 79 (22) 36 (13) <0.001***

Autism spectrum disorder 13 (4) 33 (9) 0.002**

Total number of patients 366 (100) 355 (100)

Note: Pathogenic or likely pathogenic gene variants and chromosomal aberrations were identified more frequently in patients with moderate, severe, and profound 
intellectual disability than in patients with mild intellectual disability (p = 0.011 and p < 0.001). Epilepsy, congenital heart diseases, hearing loss, ophthalmological 
abnormalities, and autism spectrum disorder were also more common in patients with severe forms of intellectual disability. In contrast, attention-deficit/hyperactivity 
disorder was more common in patients with mild intellectual disability. Patients with dual diagnosis were not included in the analysis. Differences between intellectual 
disability groups were assessed using the χ2 test, except for the fragile X analysis, where Fisher's exact test was used due to the low number of patients.
aFragile X and pathogenic and likely pathogenic variants in the same analysis.
Bonferroni-corrected threshold for statistical significance was 0.004; p < 0.001 marked with *** are highly significant; p < 0.01 marked with ** are very significant.
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and improve seizure control. Recently, a customized lipid 
nanoparticle-delivered base-editing therapy was admin-
istered to an infant with severe CPS1 deficiency.15 Despite 
advances in orphan drug development, effective treatments 
remain limited. For potentially treatable conditions, it is es-
sential to regularly review treatment guidelines and monitor 
ongoing clinical trials.

Interestingly, the diagnostic yield of CMA was similar 
between patients with mild intellectual disability and those 
with moderate to profound intellectual disability. Similarly, 
the difference in exome sequencing diagnostic yield between 
these groups was also modest (Table 4). Since only a propor-
tion of patients underwent genetic testing, this result may 
reflect that clinicians were more likely to offer testing to in-
dividuals who exhibited features commonly associated with 
a positive result, such as epilepsy or dysmorphic features. 
Conversely, a growing number of genes and chromosomal 
abnormalities have been associated with mild intellectual 
disability and are known to exhibit reduced penetrance, 
supporting the use of exome sequencing and CMA in indi-
viduals with mild intellectual disability. We included struc-
tural variants with known low penetrance, such as 15q11.2 
deletions, as likely causal factors, which may have increased 
the diagnostic yield. The diagnostic yield of exome sequenc-
ing in our study was relatively high (n = 89 out of 194, 46%) 
compared with previous estimates of 36% in neurodevelop-
mental disorders.16 This is probably attributable to the use 
of exome sequencing as a second-tier test during the study 
period for patients with a high clinical suspicion of a genetic 
syndrome. The diagnostic yield of fragile X test was rela-
tively low, supporting the use of fragile X testing as a second-
tier test.17

In this study, autosomal recessive variants comprised 
32% of all likely causal variants. In contrast, recent studies 

in Finnish and British populations have suggested that the 
proportion of intellectual disability cases attributable to 
recessive coding variants is only 2% to 4%.18,19 The true 
proportion may be higher owing to ascertainment bias in 
cohorts recruiting only individuals with intellectual dis-
ability of unknown aetiology. This bias could reduce the 
number of recessive diagnoses as some diseases, such as 
metabolic disorders, are probably diagnosed in clini-
cal practice and therefore not recruited to research proj-
ects.18,19 Population-based cohort studies are required to 
establish the contribution of recessive coding variants in 
intellectual disability.

Our study has several limitations. As a retrospective 
registry-based study, a variety of genetic testing approaches 
were used; and, in several patients, limited genetic test-
ing was performed. In addition, some patients were tested 
for targeted pathogenic familial variants (n = 9) or known 
Finnish founder variants (n  =  61), and some patients may 
have been related, potentially increasing the proportion of 
pathogenic recessive variants in our cohort. A substantial 
number of individuals with intellectual disability of un-
known aetiology had not undergone CMA (118 out of 410, 
29%) or exome sequencing (329 out of 410, 80%). It is likely 
that some of these individuals had a genetic aetiology ex-
plaining their intellectual disability. Especially among those 
with mild intellectual disability, the aetiology remained 
unknown (p < 0.001). In addition, detailed phenotypic in-
formation, such as assessment of the severity of intellectual 
disability, was missing for a considerable proportion of the 
cohort, which included children at different ages and phases 
of the intellectual disability trajectory. In the future, pro-
spective population-based studies will provide more precise 
knowledge of the genetic aetiology and natural history of 
intellectual disability.

T A B L E  4   Diagnostic yield of CMA and exome sequencing.

CMA Exome sequencing

Group n (CMA) (%) n (%) OR (95% CI) p
n (exome 
sequencing) (%) n (%) OR (95% CI) p

Mild intellectual disability 
(ICD-10: F70), n = 366

241 (66) 51 (21) 1.0 65 (18) 27 (42) 1.0

Moderate, severe, profound 
intellectual disability (ICD-
10: F71–F73), n = 355

173 (49) 32 (18) 0.81 (0.49–1.33) 0.656 70 (20) 33 (47) 1.24 (0.63–2.46) 0.529

Unspecified intellectual 
disability (ICD-10: F79), 
n = 238

116 (49) 23 (20) 1.0 (0.58–1.78) 0.960 59 (25) 29 (49) 1.33 (0.63–2.78) 0.456

Total 530 (55) 106 (20) 194 (20) 89 (46)

Note: Diagnostic yields were compared across intellectual disability severity levels, and OR values were estimated using logistic regression, adjusting for age and sex. CMA 
yield: 21% (mild intellectual disability) versus 18% (moderate–profound intellectual disability) (OR = 0.81, 95% CI 0.49–1.33, p = 0.656). Exome sequencing yield: 42% (mild 
intellectual disability) versus 47% (moderate–profound intellectual disability) (OR = 1.24, 95% CI 0.63–2.46, p = 0.529).
Abbreviations: CI, confidence interval; CMA, chromosomal microarray analysis; ICD-10, International Classification of Diseases, 10th Revision; n (%), number of patients 
with a positive test result identifying the cause of intellectual disability in CMA or exome sequencing; n (CMA), number of patients who underwent CMA testing; n (exome 
sequencing), number of patients who underwent exome sequencing testing; OR, odds ratio.
Model fit: Nagelkerke R2 (CMA) = 0.014; Nagelkerke R2 (exome sequencing) = 0.006.
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The implementation of next-generation sequencing in 
standard clinical practice has resulted in a significant increase 
in the diagnostic yield of intellectual disability. Elucidation of 
molecular defects causing intellectual disability allows the de-
velopment of tailored therapeutic strategies. A potential ther-
apeutic intervention was available for 18 of 165 patients (11%) 
with a pathogenic or likely pathogenic variant in this cohort.13 
The proportion of potentially treatable cases of intellectual 
disability is likely to increase in the future.

In our cohort, the proportion of patients with Down syn-
drome was higher than previously reported estimates.20 This 
may reflect regional attitudes towards 21-trisomy screening 
and elective pregnancy termination in Northern Finland. 
The elevated proportion could also have been influenced 
by the study design, as patients were included if they visited 
our hospital between 2017 and 2021. Patients with Down 
syndrome generally require regular hospital follow-up, 
whereas some individuals with mild intellectual disability 
may remain undiagnosed or may not need hospital-based 
follow-up.

In conclusion, this study demonstrates the complex ge-
netic landscape of intellectual disability in the Finnish 
founder population. While our results on differences be-
tween mild and severe forms of intellectual disability can 
be generalized to other populations, the unique distribution 
of pathogenic gene variants is specific to the Finnish popu-
lation. Interestingly, diagnostic yield analysis did not show 
significant differences between mild and more severe forms 
of intellectual disability. In contrast, there were phenotypic 
differences between mild and severe intellectual disability, 
as somatic comorbidities such as epilepsy were more com-
mon in severe forms of intellectual disability while ADHD 
was more common in mild intellectual disability. Our data 
provide justifications for genetic studies in mild intellectual 
disability and a focus for future research into the causes, 
natural history, and novel treatment options of intellectual 
disability.
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