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OBJECTIVE — To assess the prevalence of diabetes complications and the severity of diabe-
tes in kindreds with NIDDM linked to the MODY3 locus (chromosome 12q) and to compare
these parameters with data obtained in glucokinase (GCK)-deficient and other-MODY (unlinked
to any of the three known loci) families, as well as with data from families with a late age of onset
of NIDDM.

RESEARCH DESIGN AND METHODS— Clinical and biological data were obtained
from 667 affected members of 7 M0DY3, 25 GCK-deficient, 6 other-MODY, and 81 NIDDM
families. Severity of diabetes (glucose tolerance status and insulin secretion) was assessed by an
oral glucose tolerance test. Neurological examination and eye fundus examination were per-
formed in 349 and 251 subjects, respectively, and proteinuria was tested with strips in 282
family members.

RESULTS — A higher prevalence of proliferative retinopathy was observed in M0DY3 (21%)
and NIDDM subjects (23%) than in GCK-deficient (3%) and other-MODY subjects (8%; P =
0.004). Proteinuria was detected in 19, 7, 5, and 0% (P = 0.07) of subjects, respectively.
Prevalence of neuropathy was higher in NIDDM (17%; P = 0.005) than in MODY3 (4%),
GCK-deficient (5%) and other-MODY (0%) subjects. MODY3 and NIDDM subjects had signif-
icantly higher fasting glucose levels than subjects in the other groups. Glucose levels after 2 h
were significantly higher, and the ratios of insulin to glucose levels were significantly lower in
MODY3 subjects than in the other three groups.

CONCLUSIONS — The MODY3 subtype of NIDDM is characterized by a severe insulin
secretory defect and by major hyperglycemia that progresses rapidly to overt diabetes. Micro-
vascular complications of diabetes were frequently observed in the MODY3 subjects and the
subjects with a late age of onset of NIDDM in this cohort. Both the duration and the severity of
diabetes were independently associated with these complications.

Maturity-onset diabetes of the
young (MODY) is a familial sub-
type of NIDDM characterized by

an early age of onset, usually before 25
years, and by autosomal dominant inher-
itance (1). The variable phenotype of sub-
jects with MODY suggests that the disor-
der is genetically heterogeneous, an
observation that has been confirmed by

genetic studies. In one American family
containing 66 affected diabetic individu-
als (RW pedigree), an as yet unidentified
gene (MODY1) on the long arm of chro-
mosome 20 was found to be linked to di-
abetes (2). On the other hand, we have
observed that mutations in the glucoki-
nase (GCK) gene on the short arm of chro-
mosome 7 are responsible for diabetes in
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about half of the MODY families tested in
France (3). We have recently localized to
the long arm of chromosome 12 a third
susceptibility locus to MODY in seven
French kindreds (4,5). This localization
has been confirmed in families from the
U.K. (6), Germany, Denmark, and the
U.S. (7). The MODY3 kindreds represent
- 2 5 % of our panel of MODY families; the
remaining 25% of families are unlinked to
the three known loci, implying that there
is at least a fourth susceptibility locus to
MODY. We have observed that diabetes
in families linked to the MODY3 locus
seems to be more severe than diabetes
caused by GCK gene mutations (4). The
aim of this work is to assess prevalence of
diabetes complications and the severity of
diabetes in MODY3 kindreds and com-
pare these parameters with data obtained
in GCK-deficient and other-MODY (un-
linked to any of the three known loci)
families, as well as with data from families
with a late age of onset of NIDDM.

RESEARCH DESIGN AND
METHODS

MODY and NIDDM families
These families belong to a panel collected
from all over France (8). Clinical data
were obtained by a standardized clinical
examination performed at the Endocri-
nology Department of the Hopital Saint-
Louis or by the subject's personal physi-
cian. Neurological history was taken and
a physical examination was performed fo-
cusing on the symptoms and signs of dis-
tal symmetric sensorimotor polyneurop-
athy and autonomic neuropathy. An eye
fundus examination was performed by
the subject's personal ophthalmologist.
Proteinuria was tested with strips (lower
limit of detection 2.5-3.0 mg/dl). The se-
verity of diabetes (glucose tolerance and
insulin secretion) was assessed by 75-g
oral glucose tolerance test (OGTT). Sub-
jects were considered affected if they had
diabetes (fasting plasma glucose ^7.8
mmol/1 or 2-h post-oral glucose load
S i 1.1 mmol/1), impaired glucose toler-
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Table 1—Demographic, clinical, and biological profile of family members

Kindreds (n)
Glucose tolerance status

MFH-IGT
Diabetes

Sex (M/F)
Age (years)
BM1 (kg/m2)
Age at diagnosis (years)
Duration of known hyperglycemia

(years)
Fasting glucose (mmol/1)
Fasting insulin (mU/1)
Fasting insulin/glucose

(mU/mmol)
2-h glucose (mmol/1)
2-h insulin (mU/1)
2-h insulin/glucose (mU/mmol)
Treatment

Diet
OHA
Insulin

MODY3

7

2(4)
43 (96)
30/33

37 ± 18* (9-81)
22.5 ± 2.5*

23 ± 10* (9-48)
16 ± 12

7.8 ± 2.8 (4.6-16.0)
11 ± 7* (3-35)

1.47 ± 1.18*

15.9 ± 5.0 (7.7-23.0)
29 ± 23* (5-79)

1.76 ± 1.70

6(13)
33 (74)

6(13)

GCK

25

108 (57)
81(43)
98/97

37 ± 21* (2-96)
21.9 ±4.0*

24 ± 17*(1-80)
12 ± lOt

7.0 ± 0.8t (4.3-16.5)
11 ± 7* (3-47)

1.58 ± 0.94*

9.3 ± 2.9t (5.1-20.0)
32 ± 19* (7-150)

3.51 ± 1.92T

145 (77)
41 (21)

3(2)

Other-MODY

6

16 (40)
24 (60)
23/17

36 ± 22* (4-81)
23.5 ± 4.2*

26 ± 18* (3-79)
10 ± 9T

6.7 ± 1.5T (4.1-13.6)
10 ± 6* (3-32)

1.63 ± 0.99*

9.6 ± 4.8t (4.4-20.7)
36 ± 15* (6-97)

3.78±2.81t

30 (75)
10 (25)

0(0)

NIDDM

81

86 (22)
307 (78)
192/201

59 ± 14 (26-92)
27.1 ± 4.4

48 ± 13 (25-88)
11 ± 9 t

8.8 ± 3.3 (4.6-22.9)
18 ± 8 (3-88)

2.01 ± 1.31

12.5 ± 4.6T (4.9-24.2)
46 ± 27 (4-204)

3.75 ± 3.10t

147 (37)
211(54)

35(9)

P

0.0001

0.25
0.0001
0.0001
0.0001
0.01

0.0001
0.0001
0.004

0.0001
0.0001
0.006
0.0001

Data are means ± SD (range), n, or n (%). 2-h glucose and insulin are values after an OGTT. Statistics are contingency-table x2 test (qualitative traits) and ANOVA
(quantitative traits). *P < 0.05, statistically significant difference compared to NIDDM; TP < 0.05, statistically significant difference compared to MODY3 (Tukey-
Kramer test following ANOVA). MFH, mild fasting hyperglycemia (see METHODS for definition); OHA, oral hypoglycemic agents.

ance (IGT; 2-h post-oral glucose load
^7.8 mmol/1), or a mild fasting hypergly-
cemia (plasma glucose ^6 .1 mmol/1)
from two separate measurements. A fast-
ing plasma glucose concentration >6.1
mmol/1 represented a value 2-3 SD above
the mean of the normal French popula-
tion (9). Plasma glucose and creatinine
were assessed at laboratories near the sub-
ject's home, while the assessment of
plasma insulin was centralized at our lab-
oratory. A total of 53 subjects out of 108
available family members of the seven
MODY3 kindreds were found to carry di-
abetes-susceptibility haplotypes (4,5).
These included 43 subjects with overt di-
abetes and 2 subjects with IGT, as well as
8 subjects with normal glucose tolerance.
Table 1 shows demographic, clinical, and
biological profiles of the affected individ-
uals of MODY3, GCK-deficient, other-
MODY, and late age of onset NIDDM fam-
ilies. For the sake of simplicity in results
and the tables, NIDDM refers to subjects
with a late age of onset of diabetes. Data of
subjects who underwent examination for
retinopathy, proteinuria, and neuropathy
are shown in Table 2; all of these subjects
had ^ 5 years chronic hyperglycemia.

Data analysis
Data are expressed as means ± SD, unless
otherwise stated. Quantitative traits were
compared by Wilcoxon/Kruskal-Wallis
tests and by analysis of variance
(ANOVA). When ANOVA was signifi-
cant, comparisons between pairs were
made using Tukey-Kramer HSD test (10).
Qualitative traits were analyzed by con-
tingency-table x2 t e s t s- Multivariate re-
gression analyses and logistic regression
analyses were performed to evaluate asso-
ciations of clinical and biological param-
eters; for these analyses, data were nor-
malized by logarithmic transformation.
Statistics were generated with JMP soft-
ware (SAS Inst., Cary, NC).

RESULTS

Complications of diabetes
We observed a significantly higher prev-
alence of proliferative retinopathy in
MODY3 (21%) and NIDDM (23%) sub-
jects than in GCK-deficient (3%) and oth-
er-MODY (8%) subjects (P = 0.004; Ta-
ble 2). The average known duration of
diabetes was higher, though not signifi-
cantly different, in the MODY3 group
compared with the other groups. To take

this difference into account, we per-
formed a logistic regression analysis with
the retinopathy status as the categorical
dependent variable and with the type of
diabetes (MODY3, GCK-deficient, other-
MODY, or NIDDM) and the known dura-
tion of diabetes as independent variables.
Both parameters were independently asso-
ciated with retinopathy (P = 0.006 and
P = 0.01, respectively). The odds ratio for
developing retinopathy in GCK-deficient
and NIDDM subjects compared with
MODY3 subjects was 0.27 (95% CI 0.08-
0.92; P = 0.03) and 2.69 (95% CI 1.27-
5.74; P = 0.009), respectively. Odds ratio
estimation was not possible in the other-
MODY group because of the small size of
the sample. In a second analysis, fasting
and 2-h glucose levels were included in
the model as independent variables.
Known duration of diabetes (P = 0.04),
fasting glucose (P = 0.01), and 2-h glu-
cose (P = 0.03), but not the type of dia-
betes (P = 0.36), remained indepen-
dently associated with retinopathy. These
results suggest that both the duration of
diabetes and the severity of hyperglyce-
mia in the MODY3 and NIDDM subjects
are implicated in the higher prevalence of
retinopathy in these groups of patients.
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Table 2—Retinopathy, proteinuria, and neuropathy in MODY and NIDDM subjects

Subjects tested for retinopathy
n
Sex (M/F)
Age (years)
Duration of known hyperglycemia (years)
Fasting glucose (mmol/1)
Prevalence of proliferative retinopathy

Subjects tested for proteinuria
n
Sex (M/F)
Age (years)
Duration of known hyperglycemia (years)
Fasting glucose (mmol/1)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Creatinine (p-mol/l)
Prevalence of proteinuria

Subjects tested for neuropathy
n
Sex (M/F)
Age (years)
Duration of known hyperglycemia (years)
Fasting glucose (mmol/1)
Prevalence of neuropathy

M0DY3

24
8/16

44 ± 18*
23 ± 13

8.9 ± 2.6
5(21)

26
11/15

42 ± 17*
22 ± 13

8.7 ±2 .8
129 ± 11*
78 ± 7
84 ± 28
5(19)

27
10/17

41 ± 16*
23 ± 13

8.6 ± 2.6
1(4)

GCK

65
27/38

46 ± 17*
19 ± 11

7.2 ± 1.5*
2(3)

78
38/40

45 ± 19*
18 ± 10

7.1 ±0.9*
127 ± 17*
74 ± 9*
84 ±21

4(5)

96
43/53

44 ± 19*
1 7 ± 8 t

7.2 ± 1.3*
5(5)

Other-MODY

12
6/6

49 ± 21*
18 ± 6

6.4 ± 1.2*
1(8)

12
5/7

53 ± 13
19 ± 5

6.6 ± 1.4*
133 ± 18
70 ± 12*
75 ± 17

0(0)

14
7/7

46 ± 21*
17 ± 6

6.7 ± 1.3*
0(0)

NIDDM

150
71/79

62 ± 12
17 ± 9

9.7 ± 3.5
34 (23)

166
86/80

63 ± 12
18 ± 9

9.9 ± 3.7
140 ± 15
80 ± 10
86 ± 25
11(7)

212
103/109
63 ± 12
17 ± 8 t

9.8 ± 3.5
36(17)

P

0.56
0.0001
0.06
0.0001
0.004

0.45
0.0001
0.20
0.0001
0.0001
0.0001
0.55
0.07

0.68
0.0001
0.02
0.0001
0.005

Data are means ± SD, n, or n (%). Statistics are contingency-table x1 tes t (qualitative traits) and ANOVA (quantitative traits). P < 0.05, statistically significant
differences compared to NIDDM; tP < 0.05, statistically significant difference compared to MODY3 (Tukey-Kramer test following ANOVA).

MODY3 subjects with proliferative reti-
nopathy were older (59 ± 17 vs. 39 ± 13
years; P = 0.009) and had a longer dura-
tion of diabetes (32 ± 16 vs. 20 ± 10
years; P = 0.009) and higher systolic
blood pressure (141 ± 9 vs. 127 ± 11
mmHg; P = 0.02) and creatinine levels
(111 ± 32 vs. 79 ± 15 jumol/1; P = 0.03)
than MODY3 subjects without this com-
plication. Two of them also presented
with proteinuria. Plasma glucose and in-
sulin levels, as well as other clinical and
biological parameters, were not signifi-
cantly different in the two groups of
MODY3 subjects.

A trend toward a higher preva-
lence of nephropathy in MODY3 subjects
than in subjects from the other three
groups was observed (P = 0.07; Table 2):
proteinuria was detected in 19, 7, 5, and
0% of the MODY3, NIDDM, GCK-
deficient, and other-MODY subjects, re-
spectively. This trend was confirmed in a
logistic regression analysis with protein-
uria status as the categorical dependent
variable and with the type and known du-
ration of diabetes as independent vari-
ables (data not shown; P = 0.07). Age,

duration of diabetes, blood pressure, and
plasma glucose, insulin, and creatinine
levels were not significantly different in
MODY3 subjects with or without protein-
uria. Prevalence of neuropathy was signif-
icantly higher in the NIDDM group (17%;
P = 0.005) than in the MODY3 (4%),
GCK-deficient (5%), and other-MODY
(0%) groups (Table 2). Both the type (P =
0.02) and the known duration of diabetes
(P = 0.0002) were independently associ-
ated with neuropathy in a logistic regres-
sion analysis (data not shown).

Severity of diabetes
We evaluated three parameters: 1) OGTT
plasma glucose levels and glucose toler-
ance status, 2) insulin secretion during
OGTT, and 3) the effect of the duration of
diabetes on the insulin secretion defect
and glucose tolerance status. MODY3-
affected subjects had significantly higher
fasting plasma glucose levels than GCK-
deficient and other-MODY subjects (Ta-
ble 1), and similar levels to NIDDM sub-
jects. Plasma glucose levels after 2 h were
significantly higher in MODY3 subjects
than in the other three groups. These data

agree with the observation of a signifi-
cantly higher frequency of diabetes status,
compared with the mild fasting hypergly-
cemia/IGT status, in MODY3 families
than in the other groups of families. In
this regard, MODY3 subjects were treated
more often by oral hypoglycemic agents
or insulin than subjects from the three
other groups.

The 2-h insulin-to-glucose ratio
was significantly lower in MODY3 sub-
jects compared with the three other
groups (Table 1), suggesting the presence
of a more severe glucose-stimulated insu-
lin secretory defect. Fasting plasma insu-
lin, as well as the ratio of insulin to glu-
cose levels, were not significantly different
in the three groups of MODY, but were
significantly higher in NIDDM subjects,
probably reflecting some degree of insulin
resistance in the latter group.

Multivariate regression analyses
were performed, with the 2-h post-OGTT
insulin-to-glucose ratio as the dependent
variable and with age, age at diagnosis,
known duration of diabetes, and BMI as
independent variables. Data were nor-
malized by log transformation for these
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analyses. Duration of diabetes was signif-
icantly and independently associated
with the severity of the insulin secretory
defect in M0DY3 and NIDDM subjects.
This explained 37% (P = 0.003) and 30%
(P = 0.0001) of the variance of 2-h post-
OGTT insulin-to-glucose ratio in MODY3
and NIDDM groups, respectively, while
no association was observed in the other
two groups. Comparison within each
group of the OGTT profiles of subjects
with a short (^10 years) or long (10
years) duration of diabetes confirmed
these results (data not shown). MODY3
subjects with a long duration of diabetes
presented a more severe insulin secretory
defect (lower fasting and 2-h insulin lev-
els and lower insulin-to-glucose ratios)
and a more severely impaired glucose tol-
erance (higher fasting and 2-h glucose
levels) than subjects with a short duration
of diabetes (all comparisons, P < 0.05).
Similar results were obtained for the
NIDDM group. On the other hand, the
insulin secretory defect and the glucose
tolerance of GCK-deficient subjects and
other-MODY subjects were found to be
relatively stable. These results were con-
firmed by a cross-sectional analysis of the
prevalence of overt diabetes as a function
of the duration of known hyperglycemia.
In the NIDDM group, the prevalences of
overt diabetes in the intervals of 0-2, 2-4,
4-6, 6-8, and 8-10 years after diagnosis
were 33, 52, 95, 100, and 96%, respec-
tively. In the MODY3 group, the preva-
lence of diabetes was 71% for the 0- to
2-year interval following diagnosis and
100% for all other intervals. In the GCK-
deficient group, the prevalences were 18,
24, 21, 51, and 38% for the same inter-
vals; in the other-MODY group, they were
36, 17, 75, and 25% for the first four in-
tervals. The prevalence of overt diabetes
in the 5-year intervals from 10 to 30 years
following diagnosis remained at 91-100,
100, 55-58, and 75-100%, respectively,
in the NIDDM, MODY3, GCK-deficient,
and other-MODY groups.

CONCLUSIONS— The genetic cha-
racterization of NIDDM families made it
possible to describe the clinical and bio-
logical profiles of genetically homoge-
neous subtypes of diabetes. We have ob-
served that MODY, which has often been
considered a milder form of chronic hy-
perglycemia than late age of onset
NIDDM, might not always be so. The clin-

ical phenotype of MODY3 resembles late
age of onset NIDDM in its natural history,
with subjects rapidly progressing from
IGT to overt diabetes and with the deteri-
oration of insulin secretion. Proliferative
retinopathy was observed as frequently in
MODY3 as in late age of onset NIDDM.
When adjusted for the duration of diabe-
tes, the odds ratio to develop retinopathy
was intermediate in MODY3 subjects,
compared with GCK-deficient (3.0 times
as low) and late age of onset NIDDM (2.6
times as high) subjects. A trend toward a
higher prevalence of proteinuria in
MODY3 subjects was also observed.
However, unlike NIDDM with a late age
of onset, the MODY3 subtype is associ-
ated with a low prevalence of obesity, dys-
lipidemia, and arterial hypertension (data
not shown). In this regard, affected indi-
viduals from the RW family in which
MODY was found to be linked to the
MODY1 locus on chromosome 20 pre-
sented a severe form of diabetes that re-
quires insulin therapy in -30% of cases
and is associated with microvascular
complications (11).

It should be pointed out that the
design of our study has intrinsic limita-
tions that might have affected the results
of the prevalence of diabetes complica-
tions. The 119 families that participated
in this study (667 diabetic family mem-
bers) belonged to a panel of multiplex di-
abetic kindreds that were collected from
all over France to study the genetic deter-
minants of NIDDM and IDDM (8). Be-
cause of the large geographical dispersion
of these families, >80% of the subjects
were not examined at the Endocrinology
Department of Hopital Saint-Louis in Paris.
Instead, each of these subjects had a stan-
dardized clinical examination performed
by his or her own personal physician and
an eye fundus examination performed by
his or her own ophthalmologist. In this way,
the diagnoses of diabetes complications
were made by numerous different observ-
ers at numerous clinics. To lessen the im-
pact of this possible source of bias, only
proliferative retinopathy was considered
in this study. Because 82% of the subjects
who were reported to present prolifera-
tive retinopathy were known cases who
had already received laser treatment, we
estimated that the rate of false-positive di-
agnosis in this group is probably low. Re-
garding the assessment of proteinuria, the
dipstick method is influenced by factors
such as urinary concentration and thus sub-

ject to error. On the other hand, because
this method is insensitive to early changes
such as microalbuminuria, the prevalence
of nephropathy may have been underes-
timated. The prevalence of peripheral
neuropathy might also have been under-
estimated because the diagnosis of this
complication was based on the clinical ex-
amination alone; no nerve conduction
study was systematically performed. For
all these reasons, our results should only
be considered as a relative estimate in
these four groups of families of the prev-
alence of diabetes complications in sub-
jects with ^ 5 years of chronic hypergly-
cemia.

The diabetes susceptibility gene
on the MODY3 locus probably controls
an important step in insulin secretion
(12). Identification of the gene product
and its defect will not only further the
understanding of the mechanisms of in-
sulin secretion and help to elucidate the
pathophysiology of this subtype of
NIDDM, but will also provide the diag-
nostic tools to recognize subjects carrying
the diabetes-susceptibility allele. At the
moment, this is possible only by linkage
analyses in large pedigrees. Early thera-
peutic intervention in these subjects
might be essential to prevent diabetic
complications.
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