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Abstract Aims/hypothesis: Mutations in hepatic nuclear
factor 1α cause a monogenic form of diabetes, maturity
onset diabetes of the young type 3 (MODY3). Our aim was

(1) to assess the uptake of genetic testing forMODY3 and to
determine factors affecting it, and (2) to compare attitudes
to predictive genetic testing between families withMODY3
and a previously studied group at risk of hereditary non-
polyposis colorectal cancer (HNPCC). Methods: Adult
members of two extended MODY3 pedigrees, either with
diabetes or a 50% risk of having inherited the mutation
(n=144, age 18–60 years), were invited to an educational
counselling session followed by a possibility to obtain the
gene test result. Data were collected through questionnaires
before counselling and 1 month after the test disclosure.
Results: Eighty-nine out of 144 (62%) participated in
counselling, and all but one wanted the test result disclosed.
No significant sociodemographic differences were ob-
served between the participants and non-participants. The
counselling uptake was similar among diabetic and non-
diabetic subjects. Uncertainty about the future and the risk
for the children were the most common reasons to take the
gene test. At follow-up, most subjects in both MODY3
(100%) and HNPCC (99%) families were satisfied with
their decision to take the test and trusted the result. The
majority of both diabetic and non-diabetic subjects con-
sidered that the MODY3 gene test should be offered either
in childhood (50 and 37%) or as a teenager (30 and 37%).
Conclusions: Genetic testing for MODY3 was well ac-
cepted among both diabetic and non-diabetic participants.
The subjects found the gene test reliable and they were
satisfied with their decision regarding the predictive test.

Keywords Genetic testing . Maturity onset diabetes of the
young (MODY3) . Hereditary non-polyposis colorectal
cancer (HNPPC) . Test uptake and satisfaction
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Introduction

Maturity-onset diabetes of the young (MODY) is a group
of monogenic forms of diabetes inherited in an autosomal
dominant fashion. To date, mutations have been identified
in the genes for hepatocyte nuclear factors (HNF) 4α, 1α,
1β and NeuroD1 (neurogenic differentiation 1) causing
MODY1, 3, 5 and 6, respectively, and in the glucokinase
and insulin promoting factor (IPF) genes causing MODY2
and 4 [1–6]. After the cloning of the HNF-1α (MODY3)
gene on chromosome 12 in 1996 [2], more than 150 dif-
ferent mutations in the gene have been reported. The most
common mutation is the Pro291fsinsC mutation, which
arises in a mutational hot spot of the HNF-1α gene [7].
Finding the mutation in a family provides an opportunity
for predictive and diagnostic genetic testing for high-risk
individuals in the family.

Predictive genetic testing of a large number of persons at
risk has been limited mainly to progressive neurological
diseases and hereditary cancer. Although pre-symptomatic
testing for Huntington’s disease has been available for
over a decade, its uptake has in most countries been only
10–15% [8, 9]. Predictive testing for some forms of
cancer, including hereditary nonpolyposis colorectal can-
cer (HNPCC), has been available since 1995 [10, 11].
HNPCC mutation carriers are estimated to have an 80%
lifetime risk of colorectal cancer and an additional risk of
extra-colonic malignancies, especially endometrial cancer
[12–14]. In a large Finnish study, the uptake for a pre-
dictive test for HNPCC was remarkably high: 75% of all
individuals at risk and 96% of those who attended coun-
selling wanted the test [15]. However, a lower uptake
rate of 43% was reported from the United States [16].

MODY3 is characterised by a low renal threshold for
glucose and a poor insulin response to glucose [17, 18].
The beta cells are, however, able to secrete insulin in re-
sponse to other secretagogues [19]. This, in conjunction
with particularly good insulin sensitivity [17, 18], results
frequently in hypoglycaemia in patients treated with either
oral hypoglycaemic agents or insulin. The degree of in-
sulin deficiency and the age at diagnosis of MODY3 dia-
betes can vary widely even within the same family [17].
Most patients are eventually treated with insulin or oral
hypoglycaemic agents but treatment with diet is often
sufficient in the early stages.

What could be the benefits of diagnostic or predictive
genetic testing in MODY3? MODY is estimated to cover
1–4% of all diabetes, but no genetic epidemiological data
exist to prove the true prevalence. The diagnosis is dif-
ficult to make on a clinical basis in sporadic cases with
insufficient information on family history. Individuals car-
rying the Pro291fsinsC mutation are estimated to have an
at least 95% lifetime risk of MODY3 diabetes [20] and
diabetes is often precipitated by pregnancy in unaffected
mutation carriers. The benefits of correct diagnosis include
the possibility to individualise treatment to avoid hypogly-
caemia, to recognise the risk in the family and commence-
ment of early treatment with insulin during pregnancy to
avoid foetal problems. Although MODY3 has been con-

sidered a mild form of diabetes, it can lead to severe
microvascular complications depending mainly on the
HbA1c level during lifetime [21]. Of note, the glucose
tolerance deteriorates in most cases already during the
pubertal years [20, 22, 23], although the diagnosis is often
made much later. Thus, correct prediction of MODY3 may
benefit prevention of complications. A predictive test can
also relieve unnecessary worry. However, there is a risk of
adverse effects, such as increased anxiety, uncertainty
about the future, feelings of guilt, or difficulty in finding a
new life perspective after learning that one has not in-
herited the feared gene [9, 24].

Despite increasing clinical interest in genetic testing of
MODY, the acceptance of this in the families concerned has
not been systematically studied. The only published case
report suggested positive attitude [25]. In this study, we
investigated the acceptance of a diagnostic or predictive
genetic test for MODY3 diabetes. The diabetic subjects
were offered the test to distinguish MODY3 from the more
common forms of diabetes. The non-diabetic subjects were
offered a predictive test. The aims were (1) to assess the
uptake of genetic testing for MODY3 and to determine
factors affecting it, and (2) to compare attitudes to pre-
dictive genetic testing between families withMODY3 and a
previously studied group at risk of HNPCC [15].

Subjects and methods

The study included two Finnish extended pedigrees with the
Pro291fsinsC mutation in the HNF-1α gene identified in
the Botnia study, which is a population-based study aiming
at the identification of genes increasing susceptibility to
type 2 diabetes [26]. During 2002–2003, we offered the
family members genetic counselling and the possibility to
obtain their earlier screened gene test result if they were
either affected with diabetes or had a 50% risk of having
inherited the mutation. Subjects were considered eligible if
they were aged 18–60 years and did not have any cognitive
disorder that precluded informed consent. Those living
abroad and individuals that previously had declined further
contact were excluded. The subjects were approached
through a letter including a consent form (Fig. 1). Those
who refused to participate or did not return the consent form
after two reminders were not contacted further. Pre-test
questionnaires were sent to those consenting, and those
returning the questionnaire were invited to a counselling
session conducted by a medical geneticist (BL) at or near
the subject’s place of residence. A second questionnaire was
sent 1 month after the counselling session and test result
disclosure. The subjects gave informed consent to the study.
The ethics committee of the Helsinki University Central
Hospital approved the study and it was carried out in
accordance with the Declaration of Helsinki as revised
in 2000.

Counselling The same medical geneticist (BL) performed
the counselling and disclosed the test results for all sub-
jects. The interactive semi-structured counselling included
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information about MODY3, its mode of inheritance, the
nature of the gene defect, risk of MODY3, and the methods
available for follow-up and early detection of MODY3.
The benefits and disadvantages of either the diagnostic or
predictive gene test were discussed. The counsellees were
then asked to consider whether they wanted test disclosure,
either during the same day after a short break or after a 2-
week period of consideration. The test result was disclosed
either individually or in the presence of an accompanying
person, and its implications were discussed with the med-
ical geneticist. For non-diabetic individuals having the
mutation, the resulting high risk of diabetes was reiterated
and individual surveillance was planned. For those already
diabetic the MODY3 diagnosis was confirmed and suitable
clinical surveillance was planned. Subjects who did not
have the mutation were reminded of the general risk of
diabetes in the population to prevent any false reassurance.
The result and its interpretations were also given in written
form.

The data for the non-diabetic subjects participating in the
predictive genetic testing were compared with previously
published data from a study on HNPCC [15]. The HNPCC
study conducted from 1995 to 1998 included 36 families
with three different mutations in the MLH1 gene. Subjects
were considered eligible for the study if they were at 50%
risk of having inherited the predisposing gene, aged 18 or
older, without cancer diagnosis, and without any cognitive

Table 1 Comparison of the diabetic (DM) and non-diabetic (non-DM) subjects stratified according to whether they participated or did not
participate in the MODY3 gene test study

Variables Non-participants Participants

DM Non-DM DM Non-DM

n 14 41 20 69
Age (years) 41.65±12.53 39.35±10.10 39.79±11.33 35.90±11.61
Gender
Malea 10b 71% 21 61% 6 30% 32 46%
Female 4 29% 16 39% 14 70% 37 54%
Having childrenc

Yes 10 71% 23 56% 15 75% 39 56%
No 4 29% 18 44% 5 25% 30 44%
Level of education
Upper secondary or university 2 25% 10 35% 6 30% 25 37%
Primary or vocational 6 75% 18 64% 14 70% 44 63%
Unknown 6 0% 13 0% 0 0 0 0
Marital status
Living with spouse or partner 5 56% 22 76% 18 90% 50 73%
Widowed, single or divorced 4 44% 7 24% 2 10% 19 27%
Unknown 5 0% 12 0% 0 0 0 0
Employment statusd

Employed NA NA 17 85% 56 79%
Unemployed or retired 3 15% 13 21%

Data are given as mean±SD or n (%).
NA, the corresponding frequencies for the general Finnish population in the age group 15–74 years in 1997–2003 were not available
aThe corresponding frequency for the general Finnish population in the age group 15–74 years in 1997–2003 is 48% (http://www.stat.fi).
bp=0.04, diabetic participants vs. non-participants
cThe corresponding frequency for the general Finnish population in the age group 15–74 years in 1997–2003 is 42% (http://www.stat.fi)
dThe corresponding frequency for the general Finnish population in the age group 15–74 years in 1997–2003 is 70% (http://www.stat.fi)

Eligible study group 
n=144

Consenting 
n=92

Baseline questionnaire returned
n=89

Diabetic
Diagnostic test

n=20

Non-Diabetic
Predictive test

 n=69

Counselling 
n=89

Result disclosed
n=88

 Result not disclosed
n=1

1-month follow up
Follow-up questionnaire returned

n=82 (16 DM, 66 Non-DM)

Fig. 1 Flow chart of the testing procedure
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disorder that precluded informed consent. In the HNPCC
study, the first counselling session preceded taking the
DNA sample for the gene test while in the MODY3 study
the samples had already been taken during the Botnia
study. For the present analysis, subjects older than 60
years were excluded from the HNPCC cohort.

Questionnaires The study was based on two question-
naires modified from the study of Aktan-Collan et al. [15],
which were filled in by the subjects twice, before (pre-test)
and 1 month after (follow-up) the counselling. They in-
cluded questions on social and demographic background
(Table 1), life situation, health status, anxiety [the State-
Trait Anxiety Inventory (STAI)] [27], as well as knowl-
edge about MODY and attitudes to genetic or predictive
genetic testing. Questions on pre-test risk perception (i.e.
risk of having MODY3) were included in the pre-test
questionnaire and questions regarding confidence in the
test result, satisfaction about taking the test and reasons
for taking it in the follow-up questionnaire. Most ques-
tions were presented as lists of choices with a possibility
to also add a free alternative. In addition to self-reported
data obtained through the questionnaires, data on the so-
ciodemographic background variables for those not re-
turning the questionnaires was retrieved from the Botnia
database.

Statistical analyses Analyses were performed with Bio-
medical Data Processing statistical software (BMDP; Los
Angeles, CA, USA). We used the Fisher’s exact or chi-
squared test, with Yates’ continuation correction when
appropriate, for comparison of group frequencies, and the
Mann–Whitney U-test for comparison of group means.
Uncorrected p values are presented. A p value of less than
0.05 was considered statistically significant.

Results

Of the 144 eligible subjects, 92 (64%) consented to par-
ticipate in the study and 89 (62%) returned the baseline
questionnaire and attended the counselling session (Fig. 1).
The study was divided into a diagnostic part (20 diabetic
subjects) and a predictive part (69 non-diabetic subjects).
Altogether 16 (80%) diabetic and 66 (95%) non-diabetic
subjects replied to the follow-up questionnaire 1 month
after the test disclosure.

A comparison of those who accepted (n=89) or declined
participation (n=55) in the study is shown in Table 1.
Women participated more often than men did (51/71, 72%
vs. 38/69, 55%; p=0.06), especially among the diabetic
subjects (14/18 vs. 6/16, p=0.042). There were no signif-
icant sociodemographic differences between those partici-

Table 2 The subjects’ knowl-
edge about MODY3 diabetes
before the counselling session
stratified according to whether
they had (DM) or did not have
(non-DM) diabetes

DM1 type 1 diabetes, DM2 type
2 diabetes
aComparison of non-diabetic vs.
diabetic subjects for three to
four choices (df=2–3)

Question DM Non-DM p
valueaNumber Percentage Number Percentage

MODY3 0.054
1. Resembles DM1 1 5% 4 6%
2. Resembles DM2 6 30% 12 17%
3. Is a specific type of diabetes 9 45% 16 23%
4. Cannot say 4 20% 37 54%
Insulin treatment is needed in MODY3 0.005
1. Always at some stage of the disease 0 3 4%
2. Usually not needed 0 1 1%
3. Variable 18 90% 25 37%
4. Cannot say 2 10% 39 57%
The risk for late-onset complications (eye, nerve,
kidney) in MODY3 in comparison with DM1 is

0.005

1. Equal 1 5% 5 7%
2. Smaller 7 35% 2 3%
3. Greater 2 10% 11 16%
4. Cannot say 10 50% 51 74%
Is the risk for cardiovascular complications greater
for MODY-diabetics than people in general?

0.0104

1. Slightly greater 6 30% 12 18%
2. Multifold 4 20% 8 12%
3. Equal 2 10% 0
4. Cannot say 8 40% 49 71%
Are you aware of any diabetic complications in your
family?

0.1236

1. Yes 10 50% 24 35%
2. No 6 30% 14 20%
3. Cannot say 4 20% 31 45%
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pating and not participating in either the predictive or
diagnostic part. This background data were also compar-
able to the Finnish population. The levels of university
education and primary education were also the same as in
the Finnish population (15 vs. 13%; p=NS and 39 vs. 39%)
(Table 1).

Comparison of diabetic and non-diabetic subjects at risk
of MODY3 Before the counselling, those with diabetes
knew more about MODY3 and its treatment than their
non-diabetic relatives did, but the late complications were
rather unknown to both groups (Table 2). All but two knew

about a hereditary form of diabetes in their family (95% of
the diabetic vs. 91% of the non-diabetic, NS). A family
member had informed most of the non-diabetic participants
(74%) of the risk of diabetes. Half of the diabetic subjects
(55% vs. 33% of the non-diabetics, p=0.135) considered the
inheritance of the susceptibility gene to be the worst feature
ofMODY3. Themajority of both diabetic and non-diabetic
subjects considered that the MODY3 gene test should be
offered either in childhood (50 and 37%) or as a teenager
(30 and 37%). Of the diabetic subjects, one (5%) con-
sidered that testing should be postponed to adulthood vs.
4% of the non-diabetic subjects and the rest of the par-

Table 3 Reasons cited by the subjects in the follow-up questionnaire for taking either the diagnostic (diabetic subjects) or predictive gene
test (unaffected subjects) from the MODY3 or HNPCC families

Diagnostic test Predictive test

MODY3 (n=16) MODY3 (n=66) p value HNPCC (n=271)

To reduce uncertainty 12 75% 52 78% <0.0001 263 97%
To clarify risk for children 10 62% 30 44% 0.0005 185 68%
To plan for the future 5 31% 36 53% NS 154 57%
A doctor recommended it 5 31% 29 42% NS 132 49%
Reproductive decisions 2a 16% 14b 24% NS 47c 20%
Employment decisions 2a 16% 6b 10% NS 33c 14%
Marital decisions 1a 8% 4b 7% NS 25c 11%
To help research 1 1% 0 NS 2 1%
Mean number of reasons/person 2.4 2.7 NS 3.1

NS not statistically significant (P≥0.05)
an=12, excluding subjects older than 50 years
bn=58, excluding subjects older than 50 years
cn=224, excluding subjects older than 50 years

Table 4 Comparison of the
unaffected participants in
MODY3 and HNPCC families
and their pre-test risk perception

Data are given as mean±SD or
n (%)
ap<0.0001 (df=2)

MODY3 HNPCC

Number of subjects 69 303
Age (years) 35.9±11.61 39.7±10.5

Number Percentage Number Percentage
Gender
Male 32 46% 141 47%
Female 37 54% 162 53%
Having children
Yes 39 56% 214 71%
No 30 44% 89 29%
Highest level of education
Upper secondary or university 25 37% 119 39%
Primary or vocational 44 63% 184 61%
Marital status
Living with spouse or partner 50 73% 222 73%
Widowed, single or divorced 19 27% 81 27%
Employment status
Employed 56 79% 225 74%
Unemployed or retired 13 21% 78 26%
Pre-test risk perceptiona

Low (below average) 29 43% 42 14%
Intermediate (over average) 30 44% 218 72%
High (almost certain) 10 14% 42 14%
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ticipants had no definite opinion. All diabetic and 80% of
the non-diabetic subjects considered that children and their
parents should jointly make the decision while 10% of the
non-diabetic subjects would have let the children decide
about the test by themselves (p=NS).

At the 1-month follow-up, the participants in both the
diagnostic and the predictive part of the study were either
extremely (94%) or fairly (6%) satisfied with their deci-
sion about the test. The main reasons for taking the test in
both groups were to reduce uncertainty (75% in the diag-
nostic and 78% in the predictive group), to clarify their
children’s risk and to plan for the future (Table 3). Those
already diabetic seemed more concerned about the risk for
their children (62%) while the non-diabetic subjects were
more concerned about their own future (78%), but this
difference was not statistically significant. About one third
of the subjects in both groups reported that one of the
reasons for taking the test was that a doctor had recom-
mended it.

Comparison of non-affected subjects at risk of MODY3 or
HNPCC The participants in the predictive MODY3 study
and the HNPCC study were similar with respect to age,
educational level as well as marital and employment status
(Table 4). Also, the unadjusted baseline anxiety scores
were similar between those at risk for MODY3 or HNPCC
(mean STAI score 32.11 vs. 31.25, respectively). Before
counselling, 44% of the MODY3 relatives compared
with 72% of the HNPCC relatives had the correct pre-test
risk perception, i.e. intermediate risk (above the average
population risk). A higher proportion of members of the
MODY3 families (43%) considered the risk to get the
disease to be low compared with those from the HNPCC
families (14%, p=0.0001). In both groups, 14% considered
the risk to be very high, i.e. they were almost certain that
they would get the disease. The lower pre-test risk per-

ception did not affect the uptake of the gene test in the
MODY3 group, which all except one took. All MODY3
relatives wanted to get their test results in connection with
the counselling session instead of using the offered re-
flection time.

At the 1-month follow-up, both the MODY3 and HNPCC
groups were satisfied with their decision about participating
in the predictive gene test studies and trusted the result
(Table 5). All subjects would have made again the same
choice about taking the test.

Both groups reported almost the same reasons for tak-
ing the predictive tests. The most often cited reasons were
to reduce the uncertainty or to clarify the risk for the
children, but compared with the MODY3 group, those at
risk for HNPCC more often wanted to reduce the un-
certainty (78% vs. 98%, p<0.0001) and to clarify the risk
for children (44% vs. 68%, p=0.0005). Among those aged
under 50 years marital, educational or reproductive reasons
were not considered as important (p=NS). Half of the
participants considered that a doctor recommended the test
(Table 3).

Discussion

The study shows a high uptake (62%) of a predictive gene
test in members of two extended Finnish MODY3 fami-
lies. This was clearly higher than the uptake of a pre-
symptomatic test for Huntington’s disease (HD), 10% of
those assumed to be aware of the availability of the test
(Dr. M. Peippo, The Family Federation of Finland, per-
sonal communication), but somewhat lower than that of
a predictive test for HNPCC in Finland (75%) [15]. Many
of the subjects might have considered themselves to
be beyond the most critical age to get ill as 50% of the
MODY3 gene carriers get diabetes before the age of 20

Table 5 Satisfaction with tak-
ing the gene test 1 month after
hearing the test result among the
unaffected subjects in the
MODY3 and HNPCC families
participating in the predictive
study stratified according to the
mutation carrier status

Data are given as n (%). The
differences between theMODY3
and HNPCC groups were statis-
tically non-significant
aThe exact phrasing was “would
probably have taken test” in the
MODY3 study and “would def-
initely have taken test” or “would
probably have taken test” as
separate alternatives in the
HNPCC study. These have been
combined in the current analysis

Question MODY3 HNPCC

Carrier
(n=6)

Non-carrier
(n=58)

Carrier
(n=88)

Non-carrier
(n=181)

Are you satisfied with decision to take test?
1. Extremely satisfied 5 83% 55 95% 86 98% 178 97%
2. Fairly satisfied 1 17% 3 5% 2 2% 5 3%
3. Uncertain 0 0 0 0
4. Rather dissatisfied 0 0 0 0
5. Extremely dissatisfied 0 0 0 0
Do you trust the result?
1. Trust completely 5 83% 56 97% 86 98% 160 87%
2. Trust hesitantly 1 17% 2 3% 2 2% 19 10%
3. Uncertain 0 0 0 0
4. Rather distrustful 0 0 0 0
5. Do not trust at all 0 0 0 0
Now that you know the result, would you
have taken test in first place?
1. Would have taken testa 6 100% 58 100% 88 100% 182 99%
2. Uncertain 0 0 0 1 1%
3. Would not have taken test 0 0 0 0
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[20]. Optimally, predictive testing should be offered before
clinical onset of diabetes, i.e. before puberty. Also, most
participants in the study considered childhood or puberty
as the best. However, before starting predictive testing in
childhood, ethical issues and counselling strategies have
to be carefully evaluated in that age group to ensure that
the subjects understand the implications of the tests and
are aware of their right to refuse participation.

A diagnostic test confirms the diagnosis and provides a
basis for the counselling. A predictive test divides the
members of a family into those who need clinical surveil-
lance and those who can be released from it. The impact of
testing is quite different in the three diseases. HD is a severe
debilitating disease without prevention or treatment. The
main benefit of testing is that the non-carriers can be freed
from unnecessary worry and follow-up, which also applies
to HNPCC and MODY. In case of HNPCC, correct pre-
diction benefits cancer prevention as tumours can be re-
moved at an early stage during follow-up with regular
colonoscopies. Thus, the test has direct implications for the
individual’s outcome. Genetic prediction of MODY3 does
not lead to prevention of diabetes and the long-term ben-
efits of early treatment are unsure. It may help in preventing
diabetic complications and foetal problems. Also, it has
implications for treatment choices, which again may lead to
a better glycaemic control. However, at present there are no
evidence-based data to support this. The alternative to
genetic testing in case of HNPCC is follow-up with co-
lonoscopy at 2–3 year intervals [28] or either oral glucose
tolerance test (OGTT) or fasting glucose combined with
measurement of post-prandial glucose or HbA1c in case of
MODY3. This follow-up scheme is also used for mutation
carriers. Also, they are instructed to measure blood glucose
in conjunction with febrile infections and contact a mater-
nity clinic before pregnancy as both conditions can result in
insufficient insulin secretion and hyperglycaemia through a
decrease in insulin sensitivity. The cost of one gene test of a
known mutation is roughly 85 Euros. Sequencing of
MODY1, 2 and 3 to identify a previously unknown mu-
tation is 350 Euros. Thus, identification of a family mu-
tation and then screening for it in the rest of the family leads
to considerable savings compared to an annual checkup of
all family members even when the cost of counselling is
taken into consideration. One possible contributor to the
somewhat lower participation rate in the MODY3 com-
pared with the HNPCC study is that diabetes might not
be considered as severe and frightening as cancer, dimin-
ishing the impact of a predictive test on the person’s life.
The HNPCC group more often overestimated the pre-test
risk in comparison with the MODY3 group, but the pre-test
risk perception was not associated with test uptake in either
group. Also, the subjects at risk of HNPCC were sig-
nificantly more worried about their future and the risk for
their children than those at risk of MODY3. In general, the
stated reasons for taking the test were quite similar in these
two conditions, the most important ones being reduction of
uncertainty, planning for the future and clarifying the risk
for the children. Somewhat surprisingly, marital, repro-

ductive or educational plans were not cited often among
those aged <50 years.

There was no clear difference between the groups in the
contentment with the test. The participants were very
pleased with their decision to take the test and they also
trusted the results. This suggests that the tests were able to
provide answers to the questions the participants had in
mind. The risk for their children was clarified, the uncer-
tainty ended and several of them were released from sur-
veillance. For those already diabetic, the diagnostic test
offered an accurate diagnose and the implications of it.
They also became aware of the potential risk for their
children.

We offered counselling and test results to both affected
and unaffected individuals. Only one third of diabetic men
participated while there was no difference in the partici-
pation rate of diabetic or non-diabetic women. This may
reflect that the already affected participants wanted to
ensure their diagnosis considering its implications for their
descendants. Of note, most of the participants had already
participated in different phases of the Botnia study. Thus
the study may be biased towards people who, in general,
have a positive attitude towards medical research. Another
limitation to the generalizability of the results is that the
participants came from only two, albeit quite extended,
pedigrees. This may explain the lack of significant socio-
economic differences between participants and non-parti-
cipants, which is in contrast to a previous study showing an
association between test uptake and higher education, often
related to a better economic situation [16]. However, the
latter may be an important factor in an insurance based
health-care system while a predictive test for a treatable
disease may be more readily accepted in Finland with
mainly publicly funded health care. Also, according to the
Finnish legislation the employers have no right to request
gene tests or results of previous tests.

The high participation rate supports the suggestion that
the Finnish population in general is confident in medical
research and health care as well as genetic testing [29].
The uptake rate for genetic screening of neonates for
diabetes risk has been as high as 94% [30] and genetic
clinics have encountered high uptake of cascade screen-
ing in cancer families (Dr. Kristiina Aittomäki, Depart-
ment of Medical Genetics, University of Helsinki, personal
communication).

Testing of the above kind should always be based on
informed consent to ensure that people understand the
implications of the tests and are aware of their right to
refuse participation. Clinical geneticists offer such services
as non-directively as possible, but they counsel only a
minority of patients. How and what health professionals
communicate with patients is of utmost importance. The
fact that subjects from both MODY3 and HNPCC families
were motivated to take the test by their doctor’s recom-
mendation supports the findings of Vernon that advice from
a physician was an important factor in preventive health
behaviour [31]. There are some undeniable benefits in
predictive genetic testing in diseases like MODY3 and
HNPCC, and we should try to find the proper way to offer
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tests to different groups in society to ensure their awareness
of these benefits, but simultaneously to remain non-direc-
tive. It has been shown for cystic fibrosis that a test offered
directly from health professionals results in a higher uptake
than if the test was merely known to be available [32, 33].

In conclusion, both diagnostic and predictive genetic
testing for MODY3 was well accepted. In principle,
genetic testing should be offered to patients from families
with young-onset diabetes in at least two generations (the
classical MODY criteria) but possibly even to sporadic
patients with atypical diabetes. However, until high-
throughput methods, like MODY chips, are available,
the cost of testing will limit availability, as there are se-
veral possible mutations to screen. The situation is dif-
ferent when an index case in a family has been diagnosed
with genetically confirmed MODY. Then genetic counsel-
ling and testing for the known mutation should be offered
to at least those first-degree relatives who are younger than
50–60 years of age. Counselling should be an essential
part of the process to allow the subjects to make an in-
formed and autonomous decision.
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