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OBJECTIVE

To investigate natural course, treatment, and outcomes in familial versus sporadic
type 1 diabetes.

RESEARCH DESIGN AND METHODS

In a population-based study, we compared patients with onset of type 1 diabetes
before the age of 20 years who had a first-degree relative with type 1 diabetes
(familial diabetes) with patients with type 1 diabetes who had no first-degree
relative with type 1 diabetes (sporadic diabetes) at diagnosis and over the first 10
treatment years, using multivariable regression and proportional hazards models.
Patients were identified from the Diabetes Prospective Follow-up Registry (DPV)
between 1995 and 2018.

RESULTS

Of 57,371 patients with type 1 diabetes, 53,606 (93.4%) had sporadic diabetes and
3,765 (6.6%) had familial diabetes. Familial diabetes, compared with sporadic dia-
betes, was associated with younger age (median 7.9 vs. 9.7 years, P < 0.001), lower
prevalence of ketoacidosis (11.9% vs. 20.4%, P < 0.001), and lower HbA1c levels
(9.7% vs. 11.1%, P < 0.001) at onset and higher prevalence of associated auto-
immune disease (16.7% vs. 13.6%, P < 0.001). Over 10 years, patients with familial
diabetes, in comparison with sporadic diabetes, more often used insulin pumps (P
< 0.001) and had a lower rate of severe hypoglycemia (12.97 vs. 14.44 per 100 pa-
tient-years, P < 0.001) but similar HbA1c levels (P ‡ 0.08) and ketoacidosis rates
(1.85 vs. 2.06 per 100 patient-years, P = 0.11). In familial and sporadic diabetes, ab-
sence of ketoacidosis at onset predicted fewer events of severe hypoglycemia (haz-
ard ratio [HR] 0.67, P < 0.001, and 0.91, P < 0.001, respectively) and of ketoacidosis
(HR 0.64, P5 0.007, and 0.66, P < 0.001, respectively) after 10 years.

CONCLUSIONS

Familial type 1 diabetes, compared with sporadic type 1 diabetes, is characterized
by earlier disease manifestation and higher autoimmune comorbidity as well as less
metabolic decompensation at onset, likely related to higher disease awareness in af-
fected families, while the course of disease is similar. These findings may have impli-
cations for the generalizability of results of diabetes prevention trials from patients
with familial type 1 diabetes to patients with sporadic type 1 diabetes.

The prevalence of familial type 1 diabetes varies, with estimates ranging from 5% (1)
to 12.2% (2) depending on the population investigated, the length of observation,
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and the study setting (3–6). Those with
familial diabetes carry the risk haplotype
DR4-DQ8 more often than those with
sporadic diabetes (2,4) indicating that
HLA-associated genetic risk might play a
role in familial clustering of the disease.
Patients with familial and patients with
sporadic diabetes have comparable auto-
antibody profiles suggesting similar im-
munologic disease mechanisms (2).
Individuals with a first-degree relative

with type 1 diabetes have an increased
lifetime risk of type 1 diabetes compared
with the general population (1). Because
of their high lifetime diabetes risk and
easy identification, first-degree relatives
are ideal candidates for type 1 diabetes
prevention strategies and have been
recruited for clinical intervention trials
(7–9). However, it remains unclear whether
familial diabetes and sporadic diabetes
are distinct entities of type 1 diabetes, as
the clinical course of familial type 1 dia-
betes has only been investigated in a
few studies, including a small number of
cases and with sparse outcome data
(10–12).
The generalizability of results from dia-

betes prevention trials from familial to
sporadic type 1 diabetes would be in
question if these forms of diabetes were
different. The aim of this study was to in-
vestigate the prevalence of familial type
1 diabetes at a population-based level
and to examine whether natural course,
comorbidities, insulin treatment, and
outcomes differ in young patients with
type 1 diabetes who have a first-degree
relative with type 1 diabetes compared
with patients with sporadic type 1 dia-
betes with use of a large database to
identify participants.

RESEARCH DESIGN AND METHODS

Study Design
This was a population-based observa-
tional study with comparison of patients
with type 1 diabetes who had a first-de-
gree relative with type 1 diabetes (famil-
ial diabetes group) and patients with
type 1 diabetes who had no first-degree
relative with type 1 diabetes (sporadic
diabetes group) between 1 January 1995
and 31 December 2018. In the familial
type 1 diabetes group, we distinguished
between patients who were diagnosed
after their relative (relative-first group),
patients who were diagnosed before
their relative (patient-first group), and

patients for whom the date of type 1
diabetes diagnosis in the relative was un-
known (unknown-first group).

Patients included in the study were
identified from the Diabetes Prospective
Follow-up Registry (DPV) in September
2019 at Ulm University. A total of 495
diabetes centers documented treatment
and outcome of diabetes care using the
DPV Diabetes Documentation System in
Germany, Austria, Switzerland, and Lux-
embourg, covering an estimated propor-
tion of >90% of all pediatric patients
with diabetes in Germany, Austria, and
Luxembourg. The analysis of anonymized
data was approved by the Ethics Com-
mittee of Ulm University, Ulm, Germany.

Study Population
Patients were eligible for inclusion in the
study if they had a clinical diagnosis of
type 1 diabetes. Exclusion criteria were
age <6 months at diagnosis, age $20
years at diagnosis, onset of type 1 dia-
betes before 1995 or after 2018, and
missing documentation of the first treat-
ment year. Family history of diabetes
was documented with the category of af-
fected family member as parent, full sib-
ling including twin or half-brother/half-
sister, or child; diabetes type; and date
of diagnosis in the affected first-degree
relative.

For each patient, demographic data
including age at onset of type 1 diabetes,
sex, and migration background; metabol-
ic decompensation at diagnosis compris-
ing plasma glucose, HbA1c, pH, and
presence of ketoacidosis; and comorbid
thyroid disease, celiac disease, or Addi-
son disease were analyzed. Clinical data
of the first treatment year included insu-
lin injection therapy or pump therapy,
daily insulin dose, HbA1c level, BMI (cal-
culated as weight in kilograms divided by
the square of height in meters), and fre-
quency of self-monitoring of blood glu-
cose level. Over the first 10 treatment
years, the proportion of patients with in-
sulin pump therapy, of patients with at
least one event of severe hypoglycemia,
and of patients with at least one event
of diabetic ketoacidosis; HbA1c levels;
BMI; and cumulative duration of hospital
stay were calculated per year. Event
rates of severe hypoglycemia, of hypogly-
cemic coma, and of ketoacidosis were
assessed per 100 patient-years by sum-
ming up of all events.

Outcomes
Age at onset of type 1 diabetes was de-
fined according to the day of diagnosis.
Time between diagnosis in the first and
second relative was calculated for all pa-
tients with familial type 1 diabetes and
separately for the relative-first group and
the patient-first group. Analysis of meta-
bolic decompensation at onset included
the first documented blood glucose level
on day 1 and the first HbA1c level within
10 days after diagnosis. The dignosis of
comorbid thyroid, celiac, or Addison dis-
ease was based on clinical diagnosis dur-
ing the whole observation period.

Insulin treatment regimen was classi-
fied as one to three or four or more in-
sulin injection time points per day or
pump therapy. BMI values were trans-
formed to SD scores based on German
reference values as previously described
(13,14). Glycated hemoglobin values
were mathematically standardized to the
Diabetes Control and Complications Trial
(DCCT) reference range 4.05%–6.05%
with the multiple-of-the-mean trans-
formation method. Partial remission
period was defined as insulin dose–ad-
justed HbA1c (IDAA1c) (calculated as HbA1c
(%) 1 [4 � insulin dose (units per kilo-
gram per 24 h)]) at least once#9 (15).

Diabetic ketoacidosis was defined as
blood pH <7.3 or bicarbonate <15
mmol/L (16). Ketoacidosis until day 10
after type 1 diabetes diagnosis was con-
sidered ketoacidosis at onset. Ketoacido-
sis later than 10 days after diagnosis of
type 1 diabetes was considered as an
event in established diabetes. Severe
hypoglycemia was defined as requiring
assistance from another person to ac-
tively administer carbohydrates, gluca-
gon, or intravenous glucose consistent
with guidelines of the International Soci-
ety for Pediatric and Adolescent Diabetes
(ISPAD) (17) and the International Hypo-
glycemia Study Group (18). Hypoglycemic
coma was defined as loss of conscious-
ness or occurrence of seizures according
to ISPAD classification (17).

Statistical Analyses
Clinical characteristics were compared
between patients with familial diabetes
and patients with sporadic diabetes as
well as between different groups of fa-
milial diabetes (relative-first group, pa-
tient-first group, and unknown-first group)
by Kruskal-Wallis test for nonparametric
continuous variables and by x2 test for
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binomial distributed variables. P values
were corrected for multiple comparisons
with the Bonferroni-Holm method.

For analysis of insulin treatment regi-
men, metabolic control, rates of acute
complications, and other outcomes, we
conducted multivariable regression anal-
yses with adjustment for age at diabetes
onset (categorized as <10, 10–15, >15
years), sex, and migration background
(defined as birthplace outside of Ger-
many, Austria, Switzerland, or Luxem-
bourg for the patient or for one or both
parents) to account for relevant con-
founders. We used logistic regression
analyses to estimate the percentage of
patients with diabetic ketoacidosis at on-
set, with insulin pump therapy, with
HbA1c levels <7.5%, with IDAA1c at least

once #9, and with at least one event of
severe hypoglycemia, of coma, and of
diabetic ketoacidosis; linear regression
analyses to assess age at onset, glycated
hemoglobin levels, and BMI SD score;
negative binomial regression analyses to
evaluate rates of severe hypoglycemia,
of hypoglycemic coma, and of diabetic
ketoacidosis after diagnosis with individ-
ual time at risk as offset; and Poisson re-
gression analyses to examine cumulative
duration of hospital stay. In regression
models with comparison of more than
two groups, P values were adjusted for
multiple testing according to the Tukey-
Kramer method. To evaluate outcomes
over the first 10 treatment years, we cal-
culated adjusted means per year using
respective regression models. Outcomes

were compared between groups per
treatment year, and P values were cor-
rected for multiple comparisons with
the Bonferroni-Holm method. Repeated
measurements per subject were taken
into account with use of a first-order
autoregressive covariance structure.

To compare the outcome glycemic
control (defined as percentage of pa-
tients with HbA1c <7.5%) in relation to
baseline parameters age ($10 vs. <10
years), ketoacidosis (absence vs. pres-
ence), and HbA1c ($9% vs. <9%) at on-
set, we estimated adjusted relative risks
after treatment years 1 and 10 in spor-
adic and familial diabetes using logistic
regression models with an interaction
term. Time-to-event analyses for severe
hypoglycemia and diabetic ketoacidosis

135,865 Patients with type 1 diabetes in DPV

78,494 were excluded
35,137 were aged <6 months or >20 years at diagnosis
21,993 had diabetes onset before 1995 or after 2018
21,364 first year of diabetes treatment not documented

57,371 were included

53,606 patients
with sporadic

type 1 diabetes

3,765 patients
with familial 

type 1 diabetes

2,122 in relative-first group 
967 had affected parent (614 fathers, 353 mothers)
990 had affected sibling (240 younger, 682 older, 3 age

unknown, 45 twins, 20 half-brothers/-sisters)
154 had more than one affected family member
11 relation not documented

695 in unknown-first group
595 had affected parent (374 fathers, 321 mothers)
92 had affected sibling (6 twins, 8 half-brothers/-sisters)

6 had more than one affected family member
2 relation not documented

948 in patient-first group
83 had affected parent (49 fathers, 34 mothers)

795 had affected sibling (497 younger, 241 older, 42 twins,
15 half-brothers/-sisters)

7 had affected child
61 had more than one affected family member

2 relation not documented

Figure 1—Selection of study population.
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were carried out with use of Kaplan-Me-
ier curves. Patients with severe hypogly-
cemia or diabetic ketoacidosis during
their individual observation time were
censored at first occurrence of the re-
spective event. Cox proportional hazards
models (with adjustment for age at on-
set [<10 and $10 years], sex, and
migration background) were used for
estimation of Kaplan-Meier curves and
hazard ratios (HRs) with individual obser-
vation time as the underlying time met-
ric to relate the baseline parameters
(age, ketoacidosis, and HbA1c at onset)
to the occurrence of severe hypogly-
cemia and diabetic ketoacidosis in spor-
adic and familial diabetes after a disease
duration of 1 and 10 years, respectively.
Results are presented as model-based

estimates including 95% CIs. P < 0.05

(two sided) was considered statistically
significant. All analyses were performed
with SAS for Windows, version 9.4 (SAS
Institute), on a Windows-server 16 main-
frame computer.

RESULTS

Study Population
Of 135,865 patients with type 1 diabetes
in the DPV, we identified 57,371 individ-
uals who met the inclusion criteria (me-
dian age at onset 9.6 years, quartiles 5.9
and 12.8; 54% male) from 429 diabetes
centers (Fig. 1). A total of 53,606 individ-
uals had no first-degree relative with
type 1 diabetes (sporadic diabetes
[93.4%]), and 3,765 patients had a first-
degree relative with type 1 diabetes (fa-
milial diabetes [6.6%]). Among 3,765 pa-
tients with familial diabetes, 2,122

patients had a relative earlier diagnosed
with type 1 diabetes (relative-first group)
and 948 patients were diagnosed with
type 1 diabetes before their relative (pa-
tient-first group), while for 695 patients
the age at diabetes onset in the relative
was unknown (unknown-first group)
(Table 1).

Among 3,765 patients with familial
diabetes, 1,645 (44%) had a parent,
1,877 (50%) had a sibling including 93
twins and 43 half-brothers or half-sisters,
7 had a child, and 221 (6%) had >1 af-
fected family member, and in 15 cases
the relation was not documented. Over-
all, 3.2% and 3.6% of patients of the
whole study population had at least one
parent and at least one sibling with type
1 diabetes, respectively. Of 2,122 pa-
tients in the relative-first group, 967
(46%) had a parent and 990 (47%) had a

Table 1—Clinical characteristics of patients with familial versus sporadic type 1 diabetes

Sporadic,
N = 53,606

Familial

All,
N = 3,765

Patient first,
N = 948

Relative first,
N = 2,122

Unknown first,
N = 695

Demographics at onset of disease
Age, years 9.7 (6.1; 12.8) 7.9 (4.3; 11.5) 6.5 (3.4; 10.0) 8.5 (4.9; 12.0) 8.1 (4.3; 11.5)
Time between onset in first and

second relative, years
— 6.0 (2.3;13.2) 3.3 (1.3;6.5) 8.4 (3.3; 19.5) —

Male sex 28,894 (53.9) 2,003 (53.2) 491 (51.8) 1,157 (54.5) 355 (51.1)
Migration background 10,405 (19.4) 806 (21.4) 244 (25.7) 446 (21.0) 116 (16.7)

Metabolism at onset of disease
Blood glucose, mg/dL 417 (307; 544) 390 (281; 521) 442 (331; 568) 366 (267; 494) 393 (273; 520)
Blood glucose, mmol 23.1 (17.0; 30.2) 21.6 (15.6; 28.9) 24.5 (18.4; 31.5) 20.3 (14.8; 27.4) 21.8 (15.1; 28.8)
Blood pH 7.35 (7.26; 7.39) 7.38 (7.33; 7.40) 7.35 (7.24; 7.40) 7.38 (7.35; 7.41) 7.38 (7.34; 7.41)
Diabetic ketoacidosis 8,430 (20.4) 367 (11.9) 180 (24.1) 136 (7.5) 51 (9.6)
HbA1c, % 11.1 (9.6; 12.8) 9.7 (8.3; 11.4) 10.7 (9.4; 12.4) 9.3 (8.0; 10.8) 9.6 (8.2; 11.3)
HbA1c, mmol/mol 98 (81; 116) 83 (67; 101) 94 (79; 112) 78 (64; 95) 82 (66; 100)

Associated autoimmune diseases
All 7,274 (13.6) 630 (16.7) 194 (20.5) 337 (15.9) 99 (14.2)
Thyroid disease 5,355 (10.0) 438 (11.6) 141 (14.9) 230 (10.8) 67 (9.6)
Celiac disease 2,246 (4.2) 235 (6.2) 63 (6.7) 133 (6.3) 39 (5.6)
Addison disease 27 (0.05) 2 (0.1) 1 (0.1) 0 (0.0) 1 (0.1)

Treatment regimen and metabolic
control during the first
treatment year

1–3 insulin injections per day 10,276 (19.2) 578 (15.4) 217 (22.9) 257 (12.1) 104 (15.0)
$4 insulin injections per day 33,541 (62.6) 2,024 (53.8) 510 (53.8) 1,141 (53.8) 373 (53.7)
Insulin pump therapy 9,788 (18.3) 1,163 (30.9) 221 (23.3) 724 (34.1) 218 (31.4)
Insulin dose, IU/kg/day 0.6 (0.4; 0.8) 0.5 (0.4; 0.7) 0.6 (0.4; 0.8) 0.5 (0.4; 0.7) 0.5 (0.4; 0.7)
HbA1c, % 7.2 (6.5; 8.0) 7.1 (6.5 ; 7.9) 7.2 (6.5; 7.9) 7.1 (6.5; 7.9) 7.1 (6.5; 7.9)
HbA1c, mmol/mol 55 (47; 64) 55 (48; 63) 55 (48; 63) 55 (48; 63) 55 (48; 63)
IDAA1c* 9.7 (8.6; 11.0) 9.5 (8.5; 10.7) 9.7 (8.7; 10.9) 9.4 (8.5; 10.6) 9.5 (8.4; 10.7)
IDAA1c at least once #9 32,263 (61.2) 2,390 (64.1) 553 (59.0) 1,399 (66.5) 438 (64.0)
SMBG frequency per day,

mean ± SD
5.5 ± 2.1 5.9 ± 2.2 5.8 ± 2.1 5.9 ± 2.3 6.0 ± 2.1

BMI, SD score 0.1 (–0.5; 0.8) 0.2 (–0.5; 0.8) 0.1 (–0.4; 0.8) 0.2 (–0.5; 0.8) 0.2 (–0.4; 0.9)

Data are median (quartiles) or n (%) unless otherwise indicated. SMBG, self-monitoring of blood glucose. *IDAA1c calculated as HbA1c (%) 1
[4 � insulin dose (units/kg/24 h)]; a value #9% indicates partial remission period.
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sibling (Fig. 1). Of 948 patients in the pa-
tient-first group, 83 (9%) had a parent,
795 (84%) had a sibling, and 7 (1%) had
a child (Fig. 1). Of 695 patients in the un-
known-first group, 595 (86%) had a par-
ent and 92 (13%) had a sibling (Fig. 1).

Characteristics of Patients With
Familial Versus Sporadic Type 1
Diabetes

Age at onset of type 1 diabetes was low-
er in familial diabetes compared with
sporadic diabetes (7.9 vs. 9.7 years, P <

0.001), mainly attributable to the pa-
tient-first group (6.5 years) and to a less-
er degree to the relative-first group (8.5
years) (Table 1 [both P for comparison
with sporadic diabetes <0.001]). These
differences persisted after adjustment
for relevant confounders (Fig. 2A). Time
between diagnoses in the first and se-
cond affected family member was longer
in the relative-first group in comparison
with the patient-first group (8.4 vs. 3.3
years, P < 0.001) (Table 1). The propor-
tion of individuals with migration back-
ground was higher in the patient-first
group (25.7%) in comparison with spor-
adic diabetes (19.4%, P < 0.001) (Table
1). Associated autoimmune diseases
were more frequent in familial diabetes
than in sporadic diabetes (16.7% vs.
13.6%, P < 0.001) with higher preva-
lence of celiac disease (6.2% vs. 4.2%,
P < 0.001), which was highest in the
patient-first group (6.7%) (Table 1).

Metabolic decompensation at dia-
betes onset was less severe in familial
diabetes than in sporadic diabetes (Table
1), persisting in adjusted analyses with
lower percentage of ketoacidosis (11.6%
vs. 20.2% [Fig. 2B]) and lower HbA1c lev-
els (10.1% vs. 11.2% [Fig. 2C]). These dif-
ferences were attributable to better
metabolic control at onset in the rela-
tive-first group with lowest percentage
of ketoacidosis (7.4%) and lowest HbA1c
levels (9.6%), both P < 0.001 for com-
parison with sporadic diabetes, while the
patient-first group was similar to those
with sporadic diabetes with highest per-
centage of ketoacidosis (23.2%) and
comparable HbA1c levels (11.2%) (both
P $ 0.17) (Fig. 2B and C). The patient-
first group had slightly higher blood glu-
cose in comparison with the sporadic
diabetes group at onset of disease (442
vs. 417 mg/dL, P = 0.03) (Table 1).

Insulin Treatment and Glycemic
Control in Familial Versus Sporadic
Type 1 Diabetes
Insulin pump therapy was used more
often in patients with familial diabetes
than in patients with sporadic diabetes
during the first year (30.9% vs. 18.3%,
P < 0.001), with the highest proportion
of pump use in the relative-first group
(34.1%) (Table 1). This difference per-
sisted in adjusted analyses (Supplemen-
tary Table 1). Over 10 years, patients
with familial diabetes continued to use
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pump therapy more often than patients
with sporadic diabetes (all P < 0.001)
(Fig. 3A). Pump use remained higher in
the relative-first group in comparison
with the sporadic diabetes group until
year 9 (all P # 0.001) but was similar in
year 10 (P = 0.40). The relative-first
group more often used pumps than the
patient-first group until year 4 (all P #

0.004), while the two groups converged
thereafter (all P $ 0.05) (Fig. 3A).
Patients with familial diabetes had a

slightly lower mean HbA1c level in com-
parison with patients with sporadic dia-
betes during the first year (7.4% vs. 7.5%,
P < 0.001) due to the low HbA1c level in

the relative-first group (7.3%) in adjusted
analyses (Supplementary Table 1). From
year 2 to year 10, mean HbA1c levels did
not differ between familial diabetes and
sporadic diabetes (all P $ 0.08) or be-
tween the relative-first and sporadic dia-
betes groups (all P = 1.0) (Fig. 3B). Median
Insulin dose was lower in familial diabetes
than in sporadic diabetes (0.5 vs. 0.6 IU/
kg/day, P < 0.001) during the first year
(Table 1). With use of the Hvidøre for-
mula to estimate partial diabetes remis-
sion, familial diabetes compared with
sporadic diabetes was associated with a
lower IDAA1c value (9.5 vs. 9.7, P <

0.001) and a higher proportion of

individuals with IDAA1c at least once #9
(64.1% vs. 61.2%, P = 0.007). This differ-
ence was due to the high percentage of
IDAAC-based remission in the relative-
first group (66.5%), while that in the pa-
tient-first group (59.0%) was similar to
that in the sporadic diabetes group (Table
1), as confirmed in adjusted analyses
(Supplementary Table 1).

Median BMI SD score was higher in fa-
milial diabetes than in sporadic diabetes
during the first year (0.2 vs. 0.1,
P = 0.007) (Table 1). Over 10 years, pa-
tients with familial diabetes had higher
BMI SD score than patients with sporadic
diabetes in the first 2 years (P # 0.005),
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episode of diabetic ketoacidosis (D) among patients with sporadic type 1 diabetes and all patients with familial type 1 diabetes as well as the rela-
tive-first group and the patient-first group as adjusted estimates per year.
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while BMI SD scores were similar there-
after (all P = 1.0). Total mean number of
days in hospital was lower in familial dia-
betes than in sporadic diabetes during the
first year (16.7 vs. 18.0 days, P < 0.001)
and particularly low in the relative-first
group (15.6 days) (Supplementary Table 1).
Over 10 years, duration of hospital stay did
not differ between the groups (all P = 1.0).

Severe Hypoglycemia and
Ketoacidosis in Familial Versus
Sporadic Type 1 Diabetes
Severe hypoglycemia rates were lower
in the relative-first group in comparison
with the sporadic diabetes group (11.1
vs. 15.8 per 100 patient-years, P = 0.03)
during the first year (Supplementary Ta-
ble 1). In the following years, the per-
centage of patients with at least one
event of severe hypoglycemia did not dif-
fer between any groups (all P = 1.0) (Fig.
3C). Throughout 10 years, severe hypo-
glycemia rates were lower in familial dia-
betes (12.97 per 100 patient-years, 95%
CI 11.98–14.04) compared with sporadic
diabetes (14.44 per patient-year, 95% CI
14.13–14.76, P = 0.01), lowest in the
relative-first group (11.29 per patient-
year, 95% CI 10.11–12.60, P < 0.001 for
comparison with sporadic diabetes), high-
est in the patient first-group (15.83 per
100 patient-years, 95% CI 13.66–18.35,
P = 0.002 for comparison with the rela-
tive-first group), and in between in the
unknown-first group (13.64 per 100 pa-
tient-years, 95% CI 11.33–16.41).

Hypoglycemic coma rates were similar
in familial diabetes and sporadic diabetes
(all P $ 0.27) during the first year (Sup-
plementary Table 1). Throughout 10
years, coma rates were similar in familial
diabetes (2.95 per 100 patient-years,
95% CI 2.64–3.30) and sporadic diabetes
(3.02 per patient-year, 95% CI 2.92–3.11,
P = 0.71), in the relative-first group (2.70
per patient-year, 95% CI 2.31–3.16), the
patient-first group (3.46 per 100-patient-
years, 95% CI 2.84–4.22), and the un-
known-first group (2.85 per 100 patient-
years, 95% CI 2.20–3.68).

Ketoacidosis rates were lower in the
relative-first group than in the patient-
first group (0.9 vs. 2.7 per 100 patient-
years, P = 0.01) during the first year
(Supplementary Table 1). In the following
years, the percentage of patients with at
least one event of ketoacidosis did not
differ between the groups (all P = 1.0)

(Fig. 3D). Throughout 10 years, ketoacidosis
rates were similar in familial diabetes
(1.85 per 100 patient-years, 95% CI
1.63–2.10) and sporadic diabetes (2.06
per 100 patient-years, 95% CI 1.99–2.14,
P = 0.11), in the relative-first group (1.63
per 100 patient-years, 95% CI 1.35–1.95,
P = 0.06 for comparison with the sporad-
ic diabetes group), in the patient-first
group (2.27 per 100 patient-years, 95%
CI 1.82–2.83), and in the unknown-first
group (1.80 per 100 patient-years, 95%
CI 1.34–2.42).

Clinical Outcomes Related to
Baseline Parameters in Familial
and Sporadic Type 1 Diabetes
Older age ($10 vs. <10 years) at onset
of type 1 diabetes was associated with
fewer events of severe hypoglycemia in
sporadic and familial diabetes after year
1 (HR 0.50 and 0.41, respectively [Sup-
plementary Table 2]) and 10 years (HR
0.76 and 0.72 [Supplementary Fig. 1A])
and with fewer events of ketoacidosis
after year 1 (HR 0.70 and 0.25 [Supple-
mentary Table 2]). Absence versus pres-
ence of ketoacidosis at onset predicted
better metabolic control in sporadic and
familial diabetes after year 1 (6.6% and
11.3% more patients with HbA1c <7.5%,
adjusted relative risk 1.12 and 1.22 [Sup-
plementary Table 3]), fewer events of se-
vere hypoglycemia after 10 years (HR
0.91 and 0.67 [Supplementary Fig. 1C]),
and fewer events of ketoacidosis after
year 1 (HR 0.57 and 0.27 [Supplementary
Table 2]) and 10 years (HR 0.66 and 0.64
[Supplementary Fig. 1D]). Higher HbA1c
at onset ($9% vs. <9%) was associated
with inferior glycemic control in sporadic
and familial diabetes after year 1 (10.4%
and 15.0% less patients with HbA1c
<7.5%, aRR 0.85 and 0.78 [Supplemen-
tary Table 3]).

CONCLUSIONS

The population-based prevalence of fa-
milial type 1 diabetes was 6.6% in the
current study and lower than that in
smaller populations, ranging from 10.3
to 12.2% (2–5), but in line with estimates
reported in American Diabetes Associ-
ation (6) and ISPAD (19) guidelines. In
the current study, 3.2% and 3.6% of pa-
tients with type 1 diabetes had at least
one parent and at least one sibling with
type 1 diabetes, respectively, corre-
sponding to previous estimates (19). A

lower prevalence of affected siblings of
1.9% was recently reported from Finland
(4), only including full siblings and a fam-
ily history at time of diagnosis in the in-
dex child, while the current study also
considered half-brothers/half-sisters and
provided longer observation of relatives:
over more than two decades. According-
ly, a higher prevalence of affected sib-
lings of 7.0% was reported from Sweden
during a period of 43 years (3).

Familial type 1 diabetes in this study
was characterized by younger age at on-
set and higher prevalence of associated
autoimmune disease in comparison with
sporadic type 1 diabetes. The results dif-
fer from earlier reports describing similar
ages in sporadic and familial cases in
smaller populations (2,4,5,20) but are in
accordance with previous observations in
twins and siblings identifying young age
at onset in the first sibling as a major risk
factor for type 1 diabetes in the second
sibling (3,21–23). Higher autoimmune co-
morbidity, early disease manifestation,
and short time between diagnoses in the
first and second family member observed
in the current study support the notion
that patients with familial diabetes share
higher HLA-associated and other genetic
(21) and environmental (24) risks com-
pared with patients with sporadic type 1
diabetes, leading to an accelerated im-
mune-mediated disease.

Owing to the large study population,
subgroup analyses in patient-first and
relative-first individuals could be per-
formed, allowing us to further dissect
the observed differences between famil-
ial and sporadic diabetes. Youngest age
at onset, highest ketoacidosis rate, and
highest blood glucose at diabetes onset
in the patient-first group point to more
aggressive autoimmunity in familial dia-
betes. Of note, 84% of the second af-
fected family members were siblings in
the patient-first group. Still, less metabol-
ic decompensation at onset, i.e., less ke-
toacidosis and lower HbA1c levels, was
overall noticed in patients with familial
type 1 diabetes—a feature exclusively at-
tributable to the patients in the relative-
first group. It is likely that higher disease
awareness in such families contributes to
timely recognition and diagnosis and,
hence, earlier initiation of therapy in the
second familymember. Earlier insulin treat-
ment of autoimmune diabetes may favor
partial b-cell recovery (15), explaining a
higher percentage of patients with partial
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remission in the relative-first group in
comparison with the sporadic diabetes
group. Familial expertise with type 1 dia-
betes therapy may further explain better
glycemic control in the first year, higher
acceptance of insulin pump use during
initial treatment, and fewer events of se-
vere hypoglycemia in the relative-first
group.
Long-term metabolic control was not

different in patients with familial and
sporadic diabetes, with similar HbA1c lev-
els and similar rates of diabetic ketoaci-
dosis and hypoglycemic coma, as
observed in other populations (10–12).
Furthermore, after the first year, no
metabolic differences were found be-
tween the relative-first group and spor-
adic diabetes group over 10 treatment
years. Ketoacidosis at diabetes onset pre-
dicted more events of acute complica-
tions after 10 years in sporadic and
familial diabetes in the current study. Fa-
milial experience with diabetes treat-
ment may prevent inferior clinical
outcomes, but conversely, high disease
burden in families coping with more
than one affected individual might inter-
fere with optimal metabolic control
(10,11). Patients with familial diabetes
might therefore benefit from dedicated
education programs to be evaluated
with a focus on sib-pairs and parent-
child pairs.
Strengths of the current study include

its large population-based data set, with
>50,000 patients with type 1 diabetes;
the prospective data collection over 10
treatment years; and a nationwide cap-
ture rate of >90% of pediatric patients.
Results are representative of a Western
European population but may not be
applicable to populations with differ-
ent type 1 diabetes prevalence, or
different average family sizes and re-
production rates, as low numbers of
siblings and offspring may contribute
to underestimating the true preva-
lence of familial type 1 diabetes (25).
Further limitations of this study are
the sole use of clinical data, not in-
cluding genetic and immunological in-
formation. Records on type 1
diabetes–specific antibodies for cap-
turing early stages of diabetes in first-de-
gree relatives were not available for this
analysis.
The data from the current study may

have implications in the context of type
1 diabetes prevention trials, since first-

degree relatives of patients with type 1
diabetes are the primary source of re-
cruitment (7–9). First-degree relatives
have a 15-fold higher relative lifetime
risk (1) and a higher annual incidence (5)
of type 1 diabetes compared with the
general population. In the current study,
familial diabetes was distinct from spor-
adic diabetes in terms of earlier mani-
festation and higher prevalence of
concomitant autoimmune disease, point-
ing to subtle differences in immuno-
logical disease mechanisms that may
potentially affect immune-targeted dia-
betes prevention. While some differen-
ces observed between subgroups of
familial and sporadic diabetes, including
ketoacidosis rates and insulin therapy
during the first year, were attributable to
behavioral factors, the clinical course of
disease including treatment-related out-
comes and metabolic control was com-
parable during follow-up. Taken together,
the study data provide evidence that fa-
milial and sporadic type 1 diabetes are
overall similar, supporting the view that
results from diabetes prevention trials
conducted in familial type 1 diabetes
may be generalized to sporadic type 1
diabetes comprising >90% of cases in
the general population.

In conclusion, familial type 1 diabetes
is characterized by younger age at dis-
ease manifestation and higher auto-
immune comorbidity in comparison with
sporadic type 1 diabetes, as well as less
metabolic decompensation at onset, like-
ly related to higher disease awareness in
affected families. The clinical course and
metabolic outcomes during follow-up in
patients with familial type 1 diabetes
and those with sporadic type 1 diabetes
are similar. These findings may have im-
plications for the generalizability of re-
sults of diabetes prevention trials from
patients with familial type 1 diabetes to
patients with sporadic type 1 diabetes.
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