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Abstract
Background: The aim of this study was to determine genetic 
syndromes including both cancers and intellectual disabilities, 
specific  cancer types accompanying intellectual disabilities.
Summary: We obtained the data from the clinical synopsis 
of the syndromes available in the OMIM database (https://www. 
omim.org/). In the first step, we detected 794 syndromes using 
different terms of intellectual disabilities and cancers. In the 
second step, we investigated the clinical synopsis of each 
syndrome in detail. Of these, we included 99 syndromes in 
which both intellectual disability and any type of cancer were 
presented. In the third step, we collected following data of these 
99 syndromes: OMIM number, gene and location, syndrome/ 
protein, tumor/neoplasia, inheritance, growth, head/neck, 
respiratory, cardiovascular, abdomen, genitourinary, skeletal, 
skin/nails/hair, neurologic, endocrine features, immunology, 
prenatal manifestations, laboratory abnormalities, and other 
system findings. Key Messages: The most common cancer 
types among these 99 syndromes are listed in percentage. Since 
individuals with intellectual disabilities have difficulty  express
ing themselves and understanding the symptoms of the dis
ease, the diagnosis of diseases in these people is late and their 
treatment becomes difficult. We suggest that genetic tests to be 

performed in intellectual disability are important for early di
agnosis, follow-up, and treatment of accompanying cancers. We 
especially emphasize the importance of leukemia, brain tumors, 
and tumors of embryonal origin in individuals with intellectual 
disability. © 2025 S. Karger AG, Basel

Introduction

Intellectual disability (ID) is a neurodevelopmental 
disorder characterized by cognitive deficits and func
tional impairments that occur during development. The 
physical health of people with IDs has been identified as 
an area of ongoing concern and priority [1]. There is a 
poor understanding of cancer prevention among pa
tients with IDs [2]. Patients suffering from ID face in
equalities throughout the entire spectrum of cancer care, 
including barriers to participating in screening and 
detection of cancer at more advanced stages than in the 
general population [3]. Deaths causing from cancers 
among this population occur up to 20 years earlier than 
the general population [2]. It is important to recognize 
that at least some of these malignancies and deaths could 
be avoided through adequate prevention and earlier 
intervention [3].

Both environmental and genetic factors have been 
implicated in the development of cancer in ID. 
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Unhealthy lifestyles (including bad dietary habits and 
lack of physical activity) and genetic causes (well-known 
syndromes such as Down syndrome, tuberous sclerosis) 
have been highlighted as factors associated with in
creased cancer risk in ID [4–8]. However, syndromes 
that may be associated with ID have not been sufficiently 
investigated in detail. Recognition of these syndromes is 
important for cancer screening and follow-up. The aim 
of this study was to determine especially which cancers 
accompany ID and present detailed clinical symptoms in 
these genetic syndromes.

Methods

Online Mendelian Inheritance in Man (OMIM®) is an 
online catalog of human genes and genetic disorders. We 
obtained the data from the clinical synopsis of the 
syndromes available in the OMIM database (https:// 
www.omim.org/). Keywords used in the literature 
search were “intellectual disabilities”, “developmental 
delay”, “intellectual impairment”, “mentally retarded”, 
“cognitive impairment”, “delayed psychomotor devel
opment”, “psychomotor retardation”, “intellectual dis
ability”, “mental retardation”, “cognitive delay”, “im
paired intellectual development”, “global developmental 
delay” and “cancer”, “carcinoma”, “tumor”, “neoplasia”.

We obtained the data from the clinical synopsis of the 
syndromes available in the OMIM database (https:// 
www.omim.org/). In the first step, we detected 794 
syndromes using different terms of IDs and cancers. In 
the second step, we investigated the clinical synopsis of 
each syndrome in detail. Of these, we included 99 
syndromes in which both ID and any type of cancer were 
presented. In the third step, we collected following data 
of these 99 syndromes: OMIM number, gene and lo
cation, syndrome/protein, tumor/neoplasia, inheritance, 
growth, head/neck, respiratory, cardiovascular, abdo
men, genitourinary, skeletal, skin/nails/hair, neurologic, 
endocrine features, immunology, prenatal manifesta
tions, laboratory abnormalities, and other system find
ings. Incidence frequencies were calculated as percent
ages. The flowchart of the study is presented in Figure 1.

Results

The detailed information on chromosomal location, 
genes, inheritance, types of cancers, and neuro
psychological features of 99 syndromes was presented in 
Table 1. Types of cancer and associated genes were 

presented in Table 2. The most common types of cancer 
were as follows: 18.2% leukemia, 16.83% kidney cancer 
(renal carcinoma, renal cell carcinoma, tumors of the 
kidney, Wilms tumor), 16.83% brain tumor (meningi
oma, vestibular schwannoma, malignant schwannoma, 
pilocytic astrocytoma, medulloblastoma, ependymoma, 
giant cell astrocytoma), 13.86% skin cancer (squamous 
cell carcinoma, basal cell carcinoma, malignant mela
noma, other types of skin cancer), 11.88% genitourinary 
tumor (rhabdomyosarcoma, embryonal tumors, sacro
coccygeal teratoma, presacral teratoma), 9.1% lymphoma.

The anthropometric features involved in these 99 
syndromes were as follows: 41.41% (41/99) for small- 
short stature, 34.34% (34/99) for microcephaly, 34.34% 
(34/99) for growth retardation/failure to thrive/poor 
overall growth, 19.2 (19/99) for macrocephaly, 11.11% 
(11/99) for overgrowth/macrosomia (comparative per
centages of the anthropometric features were presented 
in Fig. 2). Anthropometric findings and associated genes 
were presented in Table 3. Additional accompanying 
findings of head/neck; respiratory-cardiovascular sys
tem; abdomen-skeletal system; genitourinary system; 
endocrine, immunology, prenatal laboratory features; 
skin, nails, hair, and other features of 99 syndromes were 
presented in online supplementary Tables 1–6, respec
tively (for all online suppl. material, see https://doi.org/ 
10.1159/000549291).

Discussion

The previous studies emphasized the increased fre
quency of cancer diagnosis in individuals with ID, de
layed diagnosis, and access to treatment [2]. The goal of 
cancer screening is to detect and treat precursor lesions 
at an early stage [9]. The importance of cancer screenings 
should be explained to the caregivers of these people and 
their participation should be ensured [10].

However, genetic etiology was not sufficiently em
phasized in these cancer screening studies. As ID and 
cancer are both heterogeneous diseases with various 
etiologies, further studies are warranted to better un
derstand the underlying mechanisms. Emerging evi
dence has suggested a plausible link between ID and 
cancer through several potential mechanisms. One 
possibility is that genetic variations contribute to both ID 
and oncogenesis. In some well-known syndromes, such 
as Down syndrome, a specific association with cancers 
has been emphasized in studies. For example, an effective 
cancer screening program for Down syndrome has 
recommended regular follow-up by palpation for 
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Fig. 1. Flowchart of screening procedure.
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testicular cancers [10]. Also, the increased risk of leu
kemia was especially associated with the diagnosis of 
Down syndrome. Our results also show that the diag
nosis of leukemia accompanies ID in other genetic 
syndromes in addition to Down syndrome. There are 
other well-known syndromes such as tuberous sclerosis, 
neurofibromatosis, and WAGR syndrome, which can 
often be the cause of both cancer and ID [6–8].

In this study, we aimed to identify syndromes that can 
cause both cancer and ID performing a detailed screening 
based on the system findings in the OMIM database 
clinical synopsis. In our study, we determined 99 syn
dromes including both IDs and any types of cancer using 
OMIM database. We listed the most common types of 
cancer. The most common types of cancer detected in our 
study were (1) leukemia, (2) kidney cancer, (3) brain 
tumor, (4) skin cancer, (5) genitourinary tumor.

Liu et al. [11] investigated the prevalence of all cancers 
and specific cancer types in ID using a population-based 
cohort study in Sweden. Authors found an increased risk 
of any cancer, as well as of several specific cancer types 

for patients with ID. The types of cancer that were 
statistically significantly more common in patients with 
ID were gastrointestinal tract cancers, uterus, kidney, 
central nervous system, acute lymphoid leukemia, and 
acute myeloid leukemia.

Sullivan et al. [12] studied on the information from 
the Disability Services Commission of Western Australia 
and State Cancer Registry. The incidence of all cancers in 
people with ID was not significantly different from the 
general population. However, males with ID presented a 
significant increase in the diagnosis of leukemia, brain 
and stomach cancers, and a decreased risk of prostate 
cancer. Females with ID presented a significant increase 
in the diagnosis of leukemia, corpus uteri, and colorectal 
cancers.

The results of these population-based studies with large 
samples were consistent with our study. Similarly, leukemia 
and brain cancers were found to be part of the 5 highest 
reported cancers. In the population study that found higher 
rates of brain tumors, the answer to the question of 
whether ID developed due to brain tumors was 

Table 2. Types of neoplasm and associated genes

Genes

Malignant neoplasm of kidney WT1, TSC1, TSC2, BUB1B, DIS3L2, FH, VHL, DICER1, GPC3, FIBP, TRIP13, PICK3CA,

Malignant neoplasm of breast PTEN, BRCA1, TWIST, CTNNB1, NRAS, KRAS, PPM1D, ATR, RAD51

Malignant neoplasm of ovary PTCH1, PTCH2, SUFU, PTEN, BRCA1, CTNNB1, DICER1

Malignant neoplasm of cervix PTEN, ATR

Malignant neoplasm of uterine PTEN, FH

Malignant neoplasm of thyroid PTEN, RET, TG, JAG1, PRKAR1A

Malignant neoplasm of bladder PTEN, HRAS, ATP7A, NRAS, KRAS

Leukemia CREBBP, BUB1B, DKC1, RECQL3, SBDS, CBL, PIK3CA, FANCD2, LIG4, FANCA, FANCE, 
HAX1, DNMT3A, STX11, SAMD9L

Lymphoma RECQL3, NBS1, TET2, MAGT1, PIC3CD, RMRP, NBN, POT1

Pancreatic cancer DKC1, SMAD4, KRAS, TP53, MADH4, STK11, NRAS, KRAS, VHL

Genitourinary tumor HRAS, GPC3, SETBP1, MNX1

Adrenal tumor MAX, VHL

Brain tumor PTEN, HRAS, NF1, NBS1, PIK3CA, TSC1, SUFU, DICER1, BAP1, MN1, NIBRIN; NBN, PTPN11

Skin cancer ERCC2, ERCC3, ERCC4, PTCH1, PTCH2, SUFU, KRAS, HRAS, RECQL4, NRAS, DKC1, RECQL3, 
EGFR, BRAF, TERT, ATR

Head and neck tumor TSC1, TSC2, NF 1, TG, SDHB, SDHD

Lung cancer NRAS, KRAS, EGFR, BRAF, DICER1, ERCC6, BAP1

Liver cancer CTNNB1, AXIN1, JAG1, MAP2K1, SETBP1

Esophageal cancer DCC, TGFBR2

Colorectal cancer EP300, EGFR, BRAF, SMAD4, KRAS, TP53, MADH4, STK11, CTNNB1, DCC, RPS19
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investigated [11] because ID may be a result of CNS 
cancers. However, the authors re-analyzed the data ex
cluding brain tumors that developed within 5 years after 
the diagnosis of ID. Even in this case, the increased risk of 
brain cancer was detected. These results indicate that there 
are common genetic etiological factors between brain 
cancers and ID.

The prevalence of gastrointestinal system tumors, 
which we found at much lower rates in our study, ranked 

first in population studies [12]. However, it should be 
noted that we only include ID and cancer types within 
genetic syndromes. Environmental factors have been 
emphasized as the cause of gastrointestinal tumors as
sociated with ID [12]. These are particularly increased 
risk of H. pylori infection among institutionalized pa
tients [4, 13] obesity [14] and insulin resistance [15].

People with IDs may experience delays in the diag
nosis of a neoplastic disorder due to communication 

Fig. 2. Percentages of anthropometric 
findings.

Table 3. Involved anthropometric findings  and associated genes

Genes

Obesity CREBBP, WT1, PTEN, XRCC4, SMAD4, KRAS, TP53, MADH4, STK11, GNAS, PRKAR1A

Overgrowth/macrosomia FIBP, DIS3L2, SUFU, DICER1, FIBP, HRAS, AKT1, PIK3CA, EGFR, BRAF

Tall stature GPC3, FIBP, DNMT3A, SUFU

Macrocephaly DICER1, PTEN, HRAS, EXT2, GPC3, MYCN, MAX, AXIN1, NSD1, FIBP, NF1, FH, AKT1, PIK3CA, NRAS, 
KRAS, EGFR, BRAF, SUFU, BAP1,

Microcephaly BRCA1, CREBBP, ERCC2, SMAD4, EXT2, TINF2, ATR, KRAS, NBN, SDHD, WWOX, MYCN, TERT, TP53, 
MADH4, ERCC6, STK11, BUB1B, DKC1, FANCA, FANCE, CTNNB1, NOP10, LIG4, RPS19, FANCD2, ACD, 
NBS1, RECQL3, TRIP13, DNAJC21, XRCC4, ERCC4, ERCC3

Growth retardation/failure to 
thrive/poor overall growth

CREBBP, ERCC2, BUB1B, DKC1, GBA1, TINF2, PRKAR1A, RAD51, POT1, LIG4, NBN, ERCC6, ATR, 
RECQL3, MYCN, TRIP13, DNAJC21, KRAS, HRAS, NBS1, ACD, RPS19, HRAS, RET, BRCA1, DNAJC21, 
ERCC6, SETBP1, VHL, GBA1, TERT, FH, PTPN11, JAG1, SBDS, TET2, RPS19, LIG4, MAP2K1, EGFR, 
BRAF,BRCA 1, MAD1L1, EGFR, BRAF, BAP1, PAX7

Low birth weight ERCC2, BUB1B, SBDS, FANCD2, FANCA, FANCE, ERCC6

Short stature/small HRAS, BRCA1, CREBBP, ERCC2, ERCC3, ERCC4, ERCC6, PAX7, FANCA, FANCE, ATR, FANCD2, VHL, 
PRKAR1A, NBN, TINF2, RMRP, AXIN1, BUB1B, EXT2, PPM1D, TERT, GNAS, EGFR, BRAF, NRAS, SMAD4, 
TP53, MADH4, STK11, MAP2K1, SBDS, SIK3, RPS19, NBS1, CBL, DKC1, PTPN11, RECQL4, TRIP13, 
DNAJC21, KRAS, TWIST, XRCC4
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difficulties. To identify individuals with IDs at an in
creased risk of developing neoplasms, early and hence 
diagnostic genetic investigations should be applied 
during routine developmental checks. If a genetic syn
drome is identified, we can offer potential appropriate 
screening procedures for neoplasms. Once the diagnosis 
is made, having clinical knowledge of increased risk for 
specific neoplasms should be factored into the regular 
clinical follow-up of these patients. It is important to 
follow up the presence of neoplasm regarding early 
associated symptoms. In future studies, providing cancer 
screening guidelines for vulnerable populations with 
disabilities is essential. Cancer screening practices in the 
21st century will adapt health care to increased risk, 
genetic factors, and patient preferences [9]. We espe
cially emphasize the importance of leukemia, brain tu
mors, and tumors of embryonal origin in individuals 
with ID.

There are some limitations for this study. It should be 
kept in mind that we should consider that for some 
syndromes the increased risk of a particular neoplasm 
type is much higher than others. The rates of the increase 
in cancer development may vary from one genetic 
syndrome to others. Therefore, the risk of developing 
neoplasm between syndromes is not equal. We need 
further studies investigating rates of cancer related to 
specific genetic syndromes that we described in our 
study to provide appropriate guidance for families. There 
are not enough studies to determine whether high-risk 
candidates should be screened. Future studies should 
focus on identifying those who will and will not benefit 
most from cancer screening [16]. Another limitation of 
our study is that the clinical information of the genetic 
syndromes was screened in the OMIM database and 

there are differences in description of the symptoms 
among the syndromes. We included these original de
scriptions adapted from OMIM database in our study as 
they are in order not to distort the original. However, to 
deal with this limitation, we performed our analysis as 
grouping them in a standardized manner.
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