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A decade of molecular genetic testing for MODY: a
retrospective study of utilization in The Netherlands

Stephanie S Weinreich*,1, Astrid Bosma1, Lidewij Henneman1, Tessel Rigter1, Carla MJ Spruijt2,
Anneliese JEMA Grimbergen2, Martijn H Breuning2, Eelco JP de Koning3, Monique Losekoot2

and Martina C Cornel1

Genetic testing for maturity-onset diabetes of the young (MODY) may be relevant for treatment and prognosis in patients with

usually early-onset, non-ketotic, insulin-sensitive diabetes and for monitoring strategies in non-diabetic mutation carriers.

This study describes the first 10 years of genetic testing for MODY in The Netherlands in terms of volume and test positive

rate, medical setting, purpose of the test and age of patients tested. Some analyses focus on the most prevalent subtype,

HNF1A MODY. Data were retrospectively extracted from a laboratory database. In total, 502 individuals were identified with a

pathogenic mutation in HNF4A, GCK or HNF1A between 2001 and 2010. Although mutation scanning for MODY was used at

an increasing rate, cascade testing was only used for one relative, on average, per positive index patient. Testing for HNF1A

MODY was mostly requested by internists and paediatricians, often from regional hospitals. Primary care physicians and clinical

geneticists rarely requested genetic testing for HNF1A MODY. Clinical geneticists requested cascade testing relatively more

often than other health professionals. A substantial proportion (currently 29%) of HNF1A MODY probands was at least 40 years

old at the time of testing. In conclusion, the number of individuals genetically tested for MODY so far in The Netherlands is

low compared with previously predicted numbers of patients. Doctors’ valuation of the test and patients’ and family members’

response to (an offer of) genetic testing on the other hand need to be investigated. Efforts may be needed to develop and

implement translational guidelines.
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INTRODUCTION

Maturity-onset diabetes of the young (MODY) is the most common
monogenic type of diabetes, estimated to account for up to 1.8%
of patients with diabetes.1,2 MODY is usually characterized by an
early-onset of diabetes (often before the age of 40 years), no
requirement for insulin at diagnosis, no signs of autoimmunity
or insulin resistance and autosomal dominant inheritance.3 MODY
is a clinically heterogeneous group of disorders caused by b-cell
dysfunction. At the molecular genetic level, MODY is defined by
mutations in different genes, of which at least 13 are known.4 The
most common forms are HNF1A (MODY3, OMIM *600281),
GCK (MODY2, OMIM *138079) and HNF4A (MODY1, OMIM
*600281).1 The various genetic subtypes differ in clinical
manifestation: age of onset, pattern of hyperglycemia, response to
treatment and associated extrapancreatic manifestations.5

Molecular genetic testing in symptomatic patients has several
benefits. Diagnosis may have implications for treatment such as the
preferred use of sulphonylurea derivatives in HNF1A MODY or
stopping insulin treatment in GCK MODY.6 The diagnosis of GCK
MODY is considered important in relation to pregnancy as it helps to
understand the presence or absence of macrosomia and may direct
therapeutic decisions.5,7 A correct genetic diagnosis also has
implications for anticipation of complications, as microvascular
complications are much rarer in GCK than in HNF1A and HNF4A

MODY.8 Once a patient has received a genetic diagnosis of MODY,
predictive or pre-symptomatic genetic testing can be offered to family
members to confirm or exclude a genetic predisposition (so-called
cascade testing). In the case of GCK MODY, genetic testing of family
members is usually a second-tier test after screening for fasting
blood glucose.5 Family members identified with a mutation in a
MODY-associated gene can be offered appropriate monitoring
strategies.5 Taken together, molecular genetic testing can benefit
both symptomatic and pre-symptomatic patients. However, as with
any genetic test, the benefits must be balanced with the costs
and possible disadvantages (eg, psychosocial impact and insurance-
related issues).9

In The Netherlands, patients with type 2 diabetes are most often
cared for by general practitioners (GPs) with one of the main goals
being prevention or delay of complications.10 GPs and their support
staff provide this level of care, in line with the traditional gate-keeping
function of GPs in The Netherlands. If treatment goals are not
achieved or patients develop moderate-to-severe diabetes-related
complications patients are referred to hospitals (secondary care).11

Also patients with type 1 diabetes are generally cared for in hospitals.
Specialist care can be provided in a hospital setting or in extramural
diabetes centres.
Since 2001, the Laboratory for Diagnostic Genome Analysis at the
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provided genetic testing for MODY for all of The Netherlands.
Occasionally, testing is also provided in response to requests from
abroad. A few other centres in The Netherlands also offer genetic
testing for other forms of diabetes.12 Previously, it was estimated that
there are about 20 000 MODY patients in The Netherlands.13,14 In
2005, 65 patients had been identified in Leiden14 but it is unclear how
many patients have been diagnosed since then. If the availability of
molecular genetic testing has not identified the expected numbers of
patients, the reasons for this require clarification. The first aim of this
study is to describe the current use of genetic testing for MODY in
The Netherlands in terms of volume and test positive rate, medical
setting (physician characteristics and type of institution requesting a
test), purpose of the test (diagnostic or predictive) and age of patients
tested. A second aim is to explore some historical trends. We include
the three most common MODY subtypes and highlight details of
HNF1A MODY as an example. HNF1A MODY has the highest
prevalence,15 genetic diagnosis is relevant for family members and
referral practices for HNF1A are expected to be similar to those for
GCK and HNF4A. Details are compared between two early and two
recent years since the introduction of molecular genetic testing.
To our knowledge, this is the first study to both quantify and

characterize the use of genetic testing for MODY in a health-care
system. It represents a first step in developing suggestions for better
practice.

MATERIALS AND METHODS

Technical features of the test
Since 2001, sequence analysis of the coding region including intron–exon

boundaries of GCK, HNF1A and HNF4A has been performed using standard

procedures14 (details available upon request). Since 2008, multiplex ligation-

dependent probe amplification has been used for the detection of deletions

and duplications (MRC-Holland, Amsterdam, The Netherlands, kit P241).

The physician decides whether mutation analysis is indicated. For reasons of

efficiency mutation, scanning is usually performed simultaneously for the three

most commonly affected genes (HNF1A, GCK, HNF4A). Mutation analysis of

other genes involved in MODY is performed upon specific request of the

referring physician.

Informed consent and ethics committee approval
The Medical Ethics Committees of VU University Medical Center and Leiden

University Medical Center deemed this research to be beyond the scope of the

Medical Research Involving Human Subjects Act.

Database and data extraction
The oracle-based, home-made, Laboratory Information System from the

Leiden Laboratory for Diagnostic Genome Analysis was used to extract the

patient and referring physician information for this study. Several questions

(SQL-queries, structured query language) were formulated and data were

extracted anonymously.

Anonymous data files were checked for logical consistency by one of the

authors (SSW). In consensus with another author (ML), corrections were

made, eg, the exclusion of non-Dutch or non-diagnostic samples (eg, quality

controls).

Categorization
Paediatricians and paediatric endocrinologists were categorized together.

Internists and endocrinologists were also categorized together. The category

‘other’ physicians includes trainees and physicians with other or unknown

specialties.

The age of patients tested for MODY was categorized aso12, 12–17, 18–24,

25–39 and Z40 years. These divisions were motivated by distinctions in

medical law regarding informed consent for genetic testing (o12, 12–17 and

18þ years), by the fact that MODY was historically considered to manifest by

age 25 years, and to illustrate a group (Z40 years), which very likely already

had children before becoming aware of a risk for transmitting a pathogenic

mutation for MODY.

Statistical analyses
Probands’ age at testing for HNF1A was compared for two time periods with

the independent samples t-test, using IBM SPSS Statistics for Windows,

version 20.0 (IBM Corp, Armonk, NY, USA).

RESULTS

Volume of testing and detection rate
Figure 1 shows the number and type of tests for MODY performed
between 2001 and 2010. Mutation scanning has shown continued
growth over the years, with over 212 requests for mutation scanning
in 2010. In total, 1319 mutation scans were performed for HNF1A,
GCK or HNF4A, nearly always in multiplex.
The test positive rate (mutation detection ratio, diagnostic

sensitivity) for multiplex testing for HNF1A, GCK or HNF4A has
been fairly constant (Figure 1). For example, in the years 2003 and
2004, the average test positive rate was 25% (45 pathogenic mutations
in 183 patients), whereas in 2009 and 2010, it was 22% (91
pathogenic mutations in 422 patients). Figure 1 also shows the rate
of cascade testing for known mutations in family members over the
years. Between 2001 and 2010, 296 tests were performed for known
mutations in family members (48 tests in 2010). Over the 10-year
period studied, for each genetically diagnosed index patient about one
family member, on average, had a cascade test. Altogether, between
2001 and 2010, a total of 502 persons was identified with a pathogenic
MODY mutation (222 HNF1A, 204 GCK and 76 HNF4A).

Physicians requesting genetic testing for HNF1A MODY
Figure 2a shows the specialty of physicians who requested a test for
HNF1A MODY, in an early and recent period since testing became
available. Each physician was counted once in the year that he or she
requested a test for any patient(s). Most referring physicians were
internists/endocrinologists and paediatricians/paediatric endocrino-
logists. Requests from clinical geneticists were rare and from GPs they
were very exceptional.
Because cascade testing for family members is not widely imple-

mented, an analysis was done to see if its use is restricted to certain
specialties. Table 1 shows that in 2009 and 2010, cascade testing for
HNF1A most often originated from paediatricians in absolute
numbers (13 requests). Clinical geneticists were relatively most likely
to request cascade testing (24% of their total requests).
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Figure 1 Molecular genetic testing for HNF4A, GCK and HNF1A MODY over

the years 2001–2010. Solid line: mutations scans (nearly always multiplex

testing for HNF4A, GCK and HNF1A). Dashed line: positive mutation scans.

Dotted line: tests for known mutations (cascade testing) in HNF4A, GCK

and HNF1A.

Genetic testing MODY in The Netherlands
SS Weinreich et al

30

European Journal of Human Genetics



Medical setting from which testing is requested
Next, a comparison was made of the medical institutions where the
referring physicians for HNF1A MODY testing are working
(Figure 2b). The early years of genetic testing for MODY and the

recent period both show a higher number of referring physicians from
regional hospitals than academic hospitals. A small number of
referring physicians were from extramural diabetes centres. Primary
care physicians rarely requested testing for HNF1A MODY.

Age of patients tested for HNF1A
A historic diagnostic criterion for MODY is hyperglycemia before the
age of 25 years in at least one family member.3 Because genetic testing
first became available in 2001, this was the first opportunity
for MODY patients of any age to obtain a genetic diagnosis.
We hypothesized that as time went on, the average age at genetic
testing for MODY might have dropped.
To explore this question, using HNF1A MODY as an example,

probands from the early and late periods since testing became
available (2003–2004 vs 2009–2010) were compared. The average
age at testing in fact rose slightly from 25.7 to 29.2 years (independent
samples t-test; difference¼ �3.5; 95% CI¼ �6.6 to �0.50;
P¼ 0.022). To illustrate further details, probands were categorized
by age (Table 2). Notably, a substantial proportion (20% and 29%) of
probands was over 40 years old at the time of testing in 2003–2004
and 2009–2010, respectively. Only about half the probands tested were
under 25 years of age (51 and 46%).

DISCUSSION

This study shows that while mutation scanning for MODY has been
used at an increasing rate in The Netherlands during the first 10 years
of its availability, cascade testing has only been used by one relative,
on average, per positive index patient. Taking HNF1A as an example,
requests for genetic testing typically come from internists/endocrinol-
ogists and paediatricians/paediatric endocrinologists working in
regional and academic hospitals or extramural diabetes centres. GPs
rarely request testing. Clinical geneticists request a higher proportion
of cascade tests than other health-care providers. MODY testing
targets people of a wide age range.

Strengths and limitations of the study
The compact size of The Netherlands, the clear cut three-tiered
health-care system and the concentration of testing in one laboratory
provide an accurate overview of how molecular genetic testing for
MODY has been utilized in a population of 16 million people. We
focused on the most prevalent form HNF1A MODY to illustrate
characteristics of the physician and patient populations involved in
genetic testing. The cumulative number of genetic tests for MODY
was previously described for The Netherlands up to October 2003.14

We now provide insight into which practitioners in the Dutch health-
care system make use of MODY testing and we address changes over
time. A limitation of this study is that clinical data were not
considered. This would have given deeper insight into the
characteristics besides age of patients selected for MODY testing.
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Figure 2 Characteristics of requesters of genetic testing for HNF1A in early

(2003–2004) and later (2009–2010) years of test availability. Light bars

show averages for 2003–2004; dark bars show averages for 2009–2010.

(a) Specialty of requesting physicians. Paediatricians include paediatric

endocrinologists. Category ‘other’ includes trainee, other or unknown

physicians. Each physician was counted once in the year that he/she requested

a test for any patient(s). (b) Type of medical institution requesting testing.

Multiple referring physicians from the same institution are counted separately.

Table 1 Requests for mutation scanning vs cascade testing for

HNF1A per specialty in recent years of test availability (2009 and

2010)

Specialty

Total

requests

for testinga

No. of

cascade

tests

Rate of

cascade

testing (%)

Internist/endocrinologist 225 11 5

Paediatrician/paediatric endocrinologist 163 13 8

Clinical geneticist 21 5 24

Otherb 42 0 0

Total 451 29

aMutation scanning plus cascade testing, 2009 and 2010 taken together.
bIncluding 5 requests from general practitioners and 37 requests from trainee, other or
unknown physicians.

Table 2 Age of probands tested for HNF1A

Age (years) 2003 and 2004 2009 and 2010

o12 37 20% 68 16%

12–17 42 23% 83 20%

18–24 14 8% 42 10%

25–39 53 29% 108 26%

Z40 37 20% 121 29%

Totala 183 100% 422 100%

aPercentages in the last column add up to 4100% due to rounding.
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Comparison with other studies
This research demonstrated diversity in referral patterns for
genetic testing for MODY in The Netherlands, at the level of medical
specialty and the medical setting. An overview on use of genetic
testing for MODY has also been published for the entire United
Kingdom, covering the period 1996–2009.1 The UK study also found
diversity in referral patterns, at the geographic level (country and/or
region).
This study shows that in The Netherlands so far 502 individuals

have been identified with a pathogenic mutation in HNF1A, GCK or
HNF4A, including diabetic patients and diabetic and non-diabetic
family members. This figure is equivalent to 30 per million (Nether-
lands’ population in 2010 was 16.6 million)16 and it can be compared
with recent findings in other countries. A minimum population
prevalence of 68–108 individuals with a MODY mutation per million
was calculated from the areas with highest rates of MODY detection
in the United Kingdom;1 this includes both diabetic patients as well as
family members who may be pre-symptomatic. In addition, it is
relevant to consider studies restricted to diabetic (symptomatic)
patients. A study from Poland suggested a prevalence of 42–46 cases
of monogenic diabetes per million children aged 0–18 years,17 which
can be extrapolated to 189–207 cases per million for the entire Dutch
population assuming a normal lifespan for MODY patients (popula-
tion ca 3.7 million children under 19 years).18 Finally, a Slovakian
study calculated a minimum prevalence of 20 cases per million of
GCK MODY.19 If GCK accounts for about one-third of MODY as
suggested by this study (raw data for Figure 1, not shown), the total
prevalence of MODY for Slovakia can be extrapolated to about
60 cases per million. Taken together, the number of people in The
Netherlands with a proven mutation in a MODY gene is half of the
lowest minimum prevalence predicted by recent studies in other
countries where genetic testing has been implemented, even including
studies that considered symptomatic patients only. Notably, all of
these studies have lower estimates than the prevalence predicted
before implementation of genetic testing for MODY, ie, about 20 000
patients for The Netherlands,13 equivalent to 1204 patients per
million. The difference might be due to high costs or lack of
perceived utility of genetic testing among physicians (especially for
pre-symptomatic relatives of patients), reluctance to be tested among
patients and/or pre-symptomatic family members (eg, because of fear
of the potential consequences for mortgages, life- and health
insurance), lack of translational guidelines, genetically unexplained
cases which meet the clinical criteria for MODY and/or
overestimation in the original figure.
The example of HNF1A shows that there is a wide age range for

referring probands for molecular genetic testing (Table 2). This means
that doctors who make referrals have to deal with a variety of clinical
genetic issues. Paediatric health practitioners, for example, must tailor
information and consent procedures for several, legally recognized
categories of minors. Health-care practitioners treating adults will
have to address the implications of genetic testing for reproductive
choices as well as the impact of a genetic diagnosis for patients who
already have children.
We did not find evidence that probands have been getting tested for

HNF1A at a younger age since the introduction of molecular genetic
testing for MODY. A substantial proportion of probands described in
this study was over 40 years old at the time of testing, in accordance
with recent findings in a French study.20 An explanation could be that
diabetes can be undiagnosed for a long time in MODY patients.
Or MODY can be associated with mild, non-progressive symptoms
into middle age,21 finally leading to genetic testing. It could also mean

that awareness of MODY is still growing among physicians, and that a
backlog of older, symptomatic patients is being assessed for a genetic
diagnosis.
This study shows that genetic testing for MODY in

The Netherlands is firmly in the sphere of medical specialists,
rather than primary care. A similar pattern has been suggested for
the United Kingdom.1 In The Netherlands, most patients with
type 2 diabetes, and thus probably most misdiagnosed MODY
patients, are cared for by GPs and their support staff. Policy
researchers suggest that genetic testing or screening for common
disorders including diabetes might be added to the existing
procedures in primary care, through cooperation between
primary and specialist care.22 This may require help from
intermediary organizations, as for example in a screening
programme for familial hypercholesterolemia.22,23

Directions for future research
To better understand the current use of genetic testing for MODY,
several approaches could be taken. Qualitative research can reveal
doctors’ valuation of the test on the one hand and patients’ and
family members’ response to an offer of genetic testing on the other
hand (early experiences have been described previously).24 The rather
low rate of cascade testing found in this study might be due to a
preference for phenotypic monitoring of non-diabetic relatives, as
recently recommended,25 or there may be financial or other concerns
related to cascade testing. Furthermore, current use of cascade testing
could be studied in more detail if clinical data were coupled to the
laboratory data. This would shed light on the number of pre-
symptomatic and asymptomatic family members tested in relation
to the number of symptomatic family members tested, the latter
perhaps previously misdiagnosed with another form of diabetes.
Finally, discussion is needed on whether to adapt current practices
and if so, who should take the initiative. In the United Kingdom, it
was recently shown that genetic funders perceive genetic testing for
MODY as mainstream medicine, whereas diabetes commissioners see
it as specialist genetics.26 In The Netherlands, it may also be a
challenge to bridge this gap.
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