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Abstract
The prevalence of neurological involvement in patients with a deletion of or a variant in the HNF1B gene remains discussed.
The aim of this study was to investigate the neuropsychological outcomes in a large cohort of children carrying either a
HNF1B whole-gene deletion or a disease-associated variant, revealed by the presence of kidney anomalies. The
neuropsychological development—based on school level—of 223 children included in this prospective cohort was studied.
Data from 180 children were available for analysis. Patients mean age was 9.6 years, with 39.9% of girls. Among these
patients, 119 carried a HNF1B deletion and 61 a disease-associated variant. In the school-aged population, 12.7 and 3.6% of
patients carrying a HNF1B deletion and a disease-associated variant had special educational needs, respectively. Therefore,
the presence of a HNF1B deletion increases the risk to present with a neuropsychiatric involvement when compared with the
general population. On the other hand, almost 90% of patients carrying a HNF1B disease-associated variant or deletion have
a normal schooling in a general educational environment. Even if these findings do not predict the risk of neuropsychiatric
disease at adulthood, most patients diagnosed secondary to kidney anomalies do not show a neurological outcome severe
enough to impede standard schooling at elementary school. These results should be taken into account in prenatal
counseling.

Introduction

Hepatocyte nuclear factor 1B (HNF1B) is a gene coding a
transcription factor expressed in polarized epithelia. It plays
a role in the regulation of gene expression and the devel-
opment of various tissues, such as kidney, pancreas, liver,
bowel, and genital organs [1, 2]. Clinically, patients may
present with renal cysts, diabetes, hepatic cytolysis, and/or
gynecological abnormalities [3]. Molecularly, HNF1B
anomalies may be secondary to a single-nucleotide variant
(SNV) or a copy number variant (CNV) resulting in a
complete deletion of the gene, the latter being part of a
recurrent chromosomal microdeletion (about 1.3 Mb,

encompassing 14 other genes), often referred to as 17q12
microdeletion diagnosed with cytogenetic diagnosis tools,
such as CGH array and FISH. We have previously
demonstrated that all tested patients with a HNF1B deletion
carry a 17q12 deletion [4]. Therefore, all patients with a
HNF1B deletion should be considered as carrying a 17q12
deletion even when no CGH array or FISH has been
performed.

The prevalence of neurological involvement in patients
with HNF1B SNV or CNV (i.e., 17q12 microdeletion)
remains discussed. Indeed, for some authors, the 17q12
deletion is associated with a high risk of neuropsychological
disorders, such as schizophrenia, autism, and learning dis-
abilities (when comparing a large sample of patients with
neurodevelopmental disorders and controls [5], or in small
cohort of patients carrying 17q12 deletion [6]), whereas a
severe neuropsychological involvement has rarely been
described in cohorts of patients with HNF1B SNV or CNV
diagnosed secondary to renal diseases [3, 7]. In 2016,
Clissold et al. have studied 38 patients with renal disease
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secondary to either a HNF1B CNV (n= 20) or an SNV (n
= 18). Based on the evaluation criteria including severe and
moderate disorders, they have reported up to 40% of neu-
ropsychological disorders, but only in patients carrying the
deletion [8]. More recently, Dubois-Laforgue et al. have
reported a prevalence of intellectual and/or learning dis-
abilities of 22.4% in a large cohort of 107 adult patients
with HNF1B-related diabetes (MODY5) [9]. In this study,
neuropsychological disorders were present in both groups
of patients (carrying either an SNV or a CNV). Actually, the
real prevalence of neuropsychological disorders in patients
with a 17q12 microdeletion is not known. Indeed, Moreno-
De-Luca et al. have described 17q12 deletions in patients
selected because they had neuropsychological disorders
[5, 6, 10]. Therefore, such an approach cannot be used to
estimate the prevalence of neuropsychological disorders in
the whole population of patients carrying a 17q12 micro-
deletion (or HNF1B deletion). On the other hand, studies
assessing cohorts of patients with renal diseases, other than
the recent reports by Clissold and Dubois-Laforgue, could
have underestimated the prevalence of neuropsychological
disorders in patients carrying a HNF1B SNV or CNV for
several reasons such as underdiagnosis of moderate neuro-
logical abnormalities, milder neurological disorders in
patients with a HNF1B disease-associated variant or initial
patient selection bias.

Based on these data on the neurological outcome and
considering that the diagnosis of HNF1B SNV or CNV is
now frequently suspected prenatally based on kidney
development anomalies (i.e., hyperechogenic fetal kidneys
on prenatal ultrasound) [11], the information about the
neurological outcome, especially the frequency of severe
involvement, is crucial to provide reliable antenatal coun-
seling to parents. Therefore, the neuropsychological phe-
notypes of pediatric patients carrying either a HNF1B SNV
or CNV deserve to be clarified.

The aim of this study was to investigate the neu-
ropsychological outcomes, based on the school level, in a
large cohort of pediatric patients with renal anomalies car-
rying either a HNF1B whole deletion or a disease-associated
variant.

Patients and methods

Patients

Since 2008, within the French Society for Pediatric
Nephrology (Société de Néphrologie Pédiatrique) network,
a molecular analysis of HNF1B (based on a method
described elsewhere [12]) is regularly proposed to children
presenting with a compatible kidney phenotype. Children
with confirmed HNF1B abnormalities (either CNV or

disease-associated SNV) are invited to participate in a
prospective cohort study with a standardized follow-up.
Included patients are evaluated annually (including physical
examination, biological test, and renal ultrasound). Almost
all Pediatric Nephrology units in France (n= 21) participate
in this cohort study so that, although it is not exhaustive, the
inclusion rate of diagnosed patients is high (about 50% of
diagnosed cases based on the number of positive molecular
diagnostic tests performed by the four referent diagnostic
laboratories in France, data not shown).

The neurological data of these patients are presented in
this study.

Study design

Since September 2013, the neuropsychological data of all
patients included in the cohort were prospectively collected
during the annual follow-up visit. The following items were
collected using a standardized form: school level, learning
difficulties, behavioral disorders, and neurological or psy-
chiatric diagnoses if appropriate. Data from the last follow-
up of each patient were analyzed in this study.

The primary objective was to assess the prevalence of
neuropsychological impairments that were severe enough to
disrupt schooling in patients carrying a HNF1B SNV or
CNV diagnosed secondary to renal anomalies. A normal
school level was defined as being in the class ±1 matching
patient age. In France, due to an automatic grade promotion
policy, children who fall outside this criterion have severe
learning difficulties. Therefore, it was expected that children
with a “abnormal” school level required special education.
The secondary objective was to compare these results
between patients with a HNF1B SNV or CNV.

As molecular analyses of HNF1B gene were performed
in four different laboratories, genetic results of all the
patients included were reviewed by two authors (CS-M and
CB-C) in order to classify each SNV according to HGVS
recommendations (i.e., affects or probably affects function)
[13]. These data are available at http://www.lovd.nl/HNF1B
(Patient IDs 231052–231259).

Data were collected, centralized, and analyzed in an
electronic database.

This prospective study was reviewed and approved by an
institutional ethic committee (CPP Sud-Ouest Outre Mer
IV) and registered in the North American Clinical Trial
database (NCT00760331). All parents signed an informed
consent before inclusion of their children in this study.

Statistics

Baseline data are represented by means and standard devia-
tions for continuous data, or by number and percentages for
categorical data. The prevalence of neuropsychological
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impairment in children with HNF1B abnormalities is repre-
sented as a percentage with its confidence interval. Con-
tinuous data were compared using a Mann–Whitney test.
Categorical variables were compared using a χ² test or a
Fisher’s exact test (small sample size). Results were con-
sidered statistically significant for an alpha risk of 0.05. Sta-
tistical analyzes were performed using Epi Info (v. 3.5.1).

Results

Population

In August 2018, 223 patients were included in the cohort
and therefore eligible for the present study. Fifteen patients
were excluded from the analysis due missing data on gen-
otype and/or initial phenotype (i.e., non neuropsychologi-
cal). Twenty-eight additional patients were excluded from
the analysis due to missing evaluation criteria (Fig. 1).

Characteristics of the whole cohort

The demographic data of the 180 remaining patients are
presented in Table 1. The mean age at the time of the last
follow-up visit was 9.6 years. The sex ratio was 1.5 (M/F).
The main renal findings on ultrasound at the time of

diagnosis were: bilateral abnormalities in 96% of cases,
including multicystic kidney dysplasia (16%), other cysts
(47%), hyperechogenic kidney (68%), kidney hypoplasia
(14%). Most patients had a normal renal function. Among
these 180 patients, 119 (66%) had a HNF1B CNV (deletion
of the whole gene) and 61 (34%) had an SNV. Special
educational need was identified in 16 patients of school age
(9.6%). All patients of school age in a general educational
environment were in the matching patient age grade.

Patients with a HNF1B CNV

Demographic data of the 119 patients carrying a deletion of
the whole gene are presented in Table 1. Ninety-two percent
of these patients were of school age.

Patients with HNF1B SNV

Demographic data of the 61 patients carrying an SNV are
presented in Table 1. According to HGVS recommenda-
tions, HNF1B disease-associated variants were considered
to affect or probably affect function in 69.5% and 30.5% of
cases, respectively. Ninety-two percent of these patients
were of school age.

No statistical difference in patient characteristics was
found between both subgroups except for urinary tract

Fig. 1 Flow chart

58 F. Laliève et al.



dilation that was more frequent in the group with HNF1B
deletion.

Prevalence of neuropsychological disorders in
patients with a deletion of the whole HNF1B gene

Among the 119 patients carrying the HNF1B deletion (M/F
ratio 1.7), 110 were of school age, including 96 (87.3% IC
95% [81–93]) who had a normal school level, in a general
educational environment, as shown in Fig. 1. Special edu-
cational needs were identified in 14 patients (12.7%
[6.5–18.9], M/F ratio 3.6), including medical centers
(medical center for cognitive impairment, psychiatric dis-
order center, and autism center), and special school for
learning disabilities. When the analysis was restricted to the
subgroup of children older than 6 years old, this proportion
was 15.9% [8.3–23.6]. The proportion of patients with
special educational needs is therefore significantly higher
for children presenting with HNF1B deletion than for
French children in general (1.2%) [14] OR 11.92
[6.8–20.9].

Prevalence of neuropsychological disorders in
patients with a HNF1B SNV

Among the 61 patients carrying the HNF1B SNV, 56 were
of school age, including 54 (96.4% [87.8–99.0]) who had a
normal school level in a general educational environment as

detailed in Fig. 1. Special educational needs (medical cen-
ter) were identified in two (3.6% [1.0–12.1]) patients. The
proportion of patients with special educational needs is
therefore not significantly different for children presenting
with HNF1B SNV than for French children in general
(1.2%) [14] OR 3.08 [0.8–12.7].

When comparing neuropsychological outcomes, the
proportion of patients with special educational needs was
not significantly different between both groups (p= 0.09).

Discussion

The aim of this study was to assess the prevalence of
educational difficulties as a proxy for potential neu-
ropsychological disorders in a large pediatric cohort of
patients carrying a HNF1B disease-associated variant or
deletion. Regarding patients carrying a HNF1B CNV
included in this study, the prevalence of patients with severe
neuropsychological impairment (i.e., severe enough to dis-
rupt standard schooling) was 12.7%, significantly higher
than in general population. This higher risk was not found
for patients presenting with a HNF1B SNV (3.6%).

In our cohort, the prevalence of neuropsychiatric disorders
within the group of patients carrying a HNF1B deletion was
less than that reported in previous studies in patients with
HNF1B or 17q12 deletions [5, 6, 8, 9]. In the first study
published on this issue [5], Moreno-De-Luca has reported 18

Table 1 Patient characteristics
HNF1B
deletion

HNF1B
variant

Total p-value

Demographic
features

Gender

Female 44 (37%) 28 (46%) 72 (40%) 0.26

Male 75 (63%) 33 (54%) 108 (60%)

Mean age (years)

At the time of the last follow-
up visit

9.4 (4.7) 9.9 (5.5) 9.6 (5) 0.44

Ultrasonographic data

Bilateral anomalies 114 (96%) 58 (95%) 172 (96%) 1.0

Multicystic dysplasia 31 (13%) 24 (21%) 55 (16%) 0.12

Cysts 117 (49%) 53 (43%) 170 (47%) 0.31

Hyperechogenic kidney 164 (68%) 81 (67%) 245 (68%) 0.63

Kidney hypoplasia 26 (11%) 25 (20%) 51 (14%) 0.17

Renal agenesis 3 (2%) 2 (2%) 5 (1%) 1.0

Urinary tract dilation 13 (5%) 0 13 (4%) 0.01

Other 4 (2%) 0 4 (1%) 0.30

The percentage of ultrasound features is based on the number of renal units: 360 for the 180 patients
analysed, except data missing for three patients (two with a deletion and one with a disease-associated
variant). “Cysts” includes cortical, medullary macro, and microcysts. “Urinary tract dilation” includes
pyelectasis, dilation secondary to vesicoureteral reflux, hydronephrosis, ureteropelvic junction obstruction,
posterior urethral valves. “Other” includes increased kidney size, kidney with poor corticomedullary
differentiation
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patients carrying a 17q12 microdeletion in the 15,749 cases
referred for clinical genetic testing because of autism spec-
trum disorder, developmental delay and/or intellectual dis-
ability, but in none of 4519 controls. Given patient selection
criteria in this study, all patients diagnosed with a 17q12
microdeletion had severe neuropsychiatric disorders so that
the authors have suggested that such a microdeletion could
“confer a high risk for autism or schizophrenia”. Similar
conclusions could be drawn from other similar studies [6, 10].
We assume that our study could have underestimated the
prevalence of neuropsychiatric disorders (based on the eva-
luation criteria used) but, based on our data, the risk of severe
neuropsychological disorders affecting schooling seemed to
involve a smaller proportion of patients with a HNF1B
(therefore 17q12) microdeletion than expected, compared
with previous studies. Our study, based on a systematic
evaluation of patients with a HNF1B anomaly diagnosed
secondary to kidney abnormalities, could more accurately
reflect the actual prevalence of neuropsychiatric disorders in
these patients. However, it cannot be excluded that the pre-
valence of neuropsychiatric disorders could be different in
other populations depending on how the disease manifests.

Clissold et al. and Dubois-Laforgue et al. have compared
the neurodevelopmental phenotype of patients with diabetes
or renal diseases related to HNF1B SNV or CNV [8, 9]. Thus,
their results may be more appropriately compared with our
findings. However, the prevalence of neuropsychiatric dis-
orders in patients with HNF1B CNV or SNV was 40% and
0%, respectively in Clissold study, and 17% and 11%,
respectively in Dubois-Laforgue study while we found a
prevalence of 12.7% and 3.6%, respectively. Even if not
similar, our results are therefore closer from those of Dubois-
Laforgue. Several differences between these two studies and
ours could explain this discrepancy. First, patient mean age
(15.5 and 46 years, respectively) was higher in the two former
studies that also or exclusively included adult patients com-
pared with our study (mean age: 9.6 years). Therefore, it
could not be excluded that the prevalence of neuropsychiatric
disorders could increase over time in our cohort, specifically
for psychiatric disorders such has schizophrenia which
develop more frequently during adulthood, after the comple-
tion of the schooling period. Second, as patients with diabetes
were included in these studies, the prevalence of neurological
disorders depending on how the disease manifested could be
discussed again. Finally, the main explanation could be the
choice of evaluation criteria that differed between these three
studies. Indeed, while Clissold has used criteria to detect even
mild neuropsychological disorders (that sometimes have no or
very little impact on normal schooling), Dubois-Laforgue has
used less sensitive evaluation criteria for most included
patients (answers provided by referring physicians to ques-
tions on intellectual or learning disabilities). We also chose
criteria with low sensibility and focus only on the detection of

disorders that were severe enough to disrupt normal school-
ing. Actually, we decided to base our evaluation on such a
criterion in order to report data that could have an impact on
antenatal counseling. Therefore, the criteria used were far less
sensitive than those used in Clissold study to detect neu-
ropsychiatric disorders, but more specific to identify severe
neuropsychiatric disorders.

In the present study, even if patients with a HNF1B CNV
seem to present more frequently with neuropsychiatric
disorder than patients with an SNV, this difference was not
statistically significant, probably due to lack of power sec-
ondary to low prevalence of neurological impairment as
defined in this study.

Although lower than previously reported in some studies,
the prevalence of neuropsychiatric disorders in patients
carrying a HNF1B deletion remains higher than in the
general population. Collectively, the data presented here, in
addition to those already published [4–6, 8–10, 15], confirm
that a neuropsychiatric impairment could be more common
in patients with a HNF1B (or 17q12) deletion than in
general population.

Several pathophysiological hypotheses have been sug-
gested to explain these data. First, variants of other genes
encompassed by the 17q12 microdeletion, such as LHX [16]
or ACACA [17], could be related to neurological impair-
ments. Second, the neuropsychiatric involvement in patients
carrying a 17q12 deletion could be associated with addi-
tional chromosomic microdeletions. Interestingly, it has
been reported that 10% of patients carrying a 17q12
microdeletion may carry a second one [10]. Finally, even if
neuropsychiatric disorders could be less common in patients
with a HNF1B SNV, a direct involvement of the HNF1B
gene in the neurological phenotype cannot be totally
excluded, particularly given its role in transcriptional net-
works involved in a pathway patterning vertebrate hind-
brain [18–20].

Independently of a putative role of the HNF1B and/or
17q12 deletion in neuropsychiatric disorders, our study
shows that almost 90% of patients with antenatal features of
HNF1B abnormalities have a neurobehavioral development
normal enough for normal schooling at a mean age of 9.6
years. However, as a few patients with a 17q12 micro-
deletion or HNF1B SNV show a severe neuropsychological
involvement, several additional hypotheses could be dis-
cussed to explain this great interindividual variability. A
17q12 microdeletion on a single chromosome could not be
sufficient to result in a neurological impairment. To develop
symptoms, both a deletion and another genetic or chromo-
somic alteration elsewhere in the genome could be required.
Using single-nucleotide polymorphism array analyzes, no
other large deletions were found in patients with intellectual
disabilities reported by Dubois-Laforgue et al. [9]. Never-
theless, as 10% of patients carrying a microdeletion actually
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carry at least a second one [10], larger studies are needed to
confirm these results. As the 17q12 microdeletion may
either be inherited or occur de novo, it would be of parti-
cular interest to study the relationship between the neu-
ropsychological phenotypes of children, those of their
parents and the transmission mode of the deletion. Indeed,
other phenomena such as parental imprinting or other epi-
genetic [21] factors could be involved in the development of
these neuropsychiatric features. Interestingly, all but one
patient in the cohort published by Moreno-De-Luca et al.
carried a de novo deletion [5]. Unfortunately, our study did
not allow testing this hypothesis because clinical or mole-
cular testing data were not available for the all the parents of
the included cases. Another explanation could be based on
HNF1B variants of the single remaining gene copy (or
variants of other remaining genes within the not deleted
17q12 locus) that are not currently considered as affecting
function but could directly or indirectly have an impact on
neuropsychiatric development (through, for instance, the
amount or function of the residual HNF1B protein). These
hypotheses deserve to be tested.

To summarize, although carrying 17q12 deletion sig-
nificantly increases the risk to show a neuropsychiatric dis-
order severe enough to impede normal schooling when
compared with the general population, most patients with this
deletion do not display a severe neuropsychiatric involvement
(contrary to the conclusions drawn from more limited studies)
[22]. Therefore, the presence of a HNF1B SNV or CNV is not
sufficient to predict a severe neurological outcome.

Our study has some limitations. First, this study was not
designed to precisely describe the neuropsychological pro-
file of patients carrying a HNF1B CNV or a 17q12 deletion.
Indeed, we used school level as evaluation criterion because
it is a reliable data and relevant in the clinical practice. Even
if we have tempted to precise as much as possible the
neuropsychiatric assessment of the patients with impaired
schooling by contacting each clinician, this remains a major
limitation of our study as no neuropsychiatric battery
examination was conducted. Therefore, mild learning dis-
abilities or behavioral difficulties could not have been
detected with the simple evaluation of school level alone. In
addition, other factors than genetic variations are known to
have an impact on school level (i.e., schooling region,
family, …). Second, despite its wide recruitment, this study
only describes the schooling of patients with kidney
abnormalities usually diagnosed during pregnancy or early
in infancy. Therefore, its conclusion cannot be auto-
matically generalized to the whole population of patients
carrying a HNF1B SNV or CNV.

Despite all these limitations, we believe that our study
provides solid data that could be used by physicians during
patient and parent counseling when an antenatal HNF1B
molecular abnormality is discussed (either an SNV or a

CNV). Indeed, this study was conducted in the largest
pediatric cohort of patients with HNF1B SNV and HNF1B/
17q12 deletion to date, with a limited number of patients
lost to follow-up, and it therefore provides more compre-
hensive data to assess the impact of these genetic anomalies
on patient schooling. Furthermore, since most of our
patients were diagnosed secondary to the prenatal identifi-
cation of ultrasound anomalies and given that most patients
with a HNF1B SNV or HNF1B/17q12 deletion diagnosed
prenatally were diagnosed secondary to renal ultrasound
anomalies, this study has a low inclusion bias (from an
antenatal counseling point of view). Therefore, our findings
could certainly be generalized to the population targeted by
prenatal counseling.

In conclusion, although these data may not be general-
ized to the whole population of patients carrying a HNF1B
SNV or a HNF1B/17q12 deletion, our results showing that
almost 90% of patients with kidney abnormalities leading to
the diagnosis of HNF1B/17q12 deletion or SNV had a
normal school level in a general educational environment,
should be put in balance with the increased risk of neu-
ropsychiatric involvement in some of these patients. These
data need to be taken into account for antenatal counseling.
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