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Abstract
Aims/hypothesis Intellectual impairment in individuals with
Down’s syndrome and diabetes mellitus potentially limits
the quality of diabetic control. In addition, these patients are
at risk of having immunological abnormalities. The present
study compared metabolic status and concomitant diseases
in young (<20 years old) Down’s syndrome patients with
diabetes vs young type 1 diabetic patients.
Methods The Diabetes-Patienten-Verlaufsdaten is a longi-
tudinal follow-up database, which collects data from 298
German and Austrian diabetes centres. Data available on
diabetic patients aged <20 years were analysed statistically.

Results We compared data for 159 Down’s syndrome
patients with diabetes and 41,983 type 1 diabetic
patients. The former used less insulin, but showed
better glycaemic control (HbA1c). Diabetes onset during
the first 3 years of life occurred in 18.9% of Down’s
syndrome patients with diabetes and in 6.4% of type 1
diabetic patients. Antibody titres indicative of coeliac
disease and thyroid peroxidase antibodies were more
frequent in Down’s syndrome patients with diabetes. No
significant differences were found regarding the beta cell
autoantibodies studied.
Conclusions/interpretation The age-of-onset distribution
showed a shift towards younger ages and was bimodal in
the Down’s syndrome group. The better metabolic control
found, despite intellectual impairment, in young Down’s
syndrome patients with diabetes cannot be conclusively
explained by our data, but is likely to be due to a less
complex lifestyle. Our data provide further confirmation
that coeliac and thyroid antibodies are more prevalent in
Down’s syndrome. The presence of beta cell autoantibodies
supports an autoimmune cause of diabetes in some children
with Down’s syndrome.
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Introduction

Individuals with Down’s syndrome (trisomy 21) are more
likely to have diabetes mellitus than those without this
genetic condition. Dutch researchers reported a threefold
increase in the prevalence of type 1 and type 2 diabetes in
patients with Down’s syndrome compared with the general
population [1]. In Denmark the prevalence of Down’s
syndrome among patients with diabetes is 4.2 times higher
than in the general population [2].

In addition, Down’s syndrome is associated with an
increased prevalence of autoimmune disorders such as
coeliac disease [3] and hypothyroidism [4].

The aim of the present study was to compare young (less
than 20 years old) diabetic patients with Down’s syndrome
(assigned to type 3 diabetes mellitus according to the
classification proposed by the WHO and the American
Diabetes Association [5]) and without Down’s syndrome
(type 1 diabetes mellitus) in respect of various markers of
autoimmune disease and diabetic control by using the
extensive Diabetes-Patienten-Verlaufsdaten (DPV) data-
base, a longitudinal follow-up database on diabetic patients,
to which 298 German and Austrian diabetes centres
regularly contribute long-term follow-up data.

A further aim was to investigate whether different forms
of diabetes were distinguishable in Down’s syndrome
patients with diabetes. We differentiated according to the
presence or absence of diabetes-associated autoantibodies
in that group.

Methods

All patient data were collected during routine care. Each
centre complied with local ethical and data management
guidelines. The relevant Ethics Committees were informed
of the DPV database and subsequent data analysis studies,
and had no concerns. Data available from the DPV database
as of April 2009 were included in the present analysis.

The SAS statistical software package (version 9.13; SAS
Institute, Cary, NC, USA) was used to calculate means and
standard deviations for a number of variables indicative of
metabolic status, glycaemic control and autoimmunity. Data
analysis was performed for relevant demographic and
clinical variables on all diabetic Down’s syndrome patients
and non-Down’s syndrome type 1 diabetic patients who
were less than 20 years of age at the time of analysis.
Patients with other, secondary forms of diabetes were
excluded. Means±SD and percentages, where applicable,
for the Down’s syndrome group were compared statistically
with those for the group of type 1 diabetic patients without
Down’s syndrome. Comparison was by means of the
Kruskal–Wallis test. As multiple tests were performed,

p values were adjusted using the Bonferroni stepdown
correction (Holm method) [6]. Down’s syndrome patients
with diabetes and type 1 diabetic patients were compared
for rate of diabetes onset under the age of 3 years. The χ2

test was used to calculate the level of statistical signifi-
cance. Glycaemic control was evaluated in terms of HbA1c

levels, which were determined using the method established
at each individual centre. To adjust for differences between
participating laboratories, the HbA1c data were mathemat-
ically standardised according to the Diabetes Control and
Complications Trial (DCCT) reference range of 4.05–
6.05% (HbA1c–DCCT) using the multiple of the mean
method [7].

A multiple regression analysis of covariance (ANCOVA)
was used to identify the variables affecting the dependent
variable HbA1c in Down’s syndrome patients with diabetes.
The following independent variables were included in the
analysis using the generalised linear mixed models proce-
dure (PROC GLIMMIX; SAS version 9.13; SAS Institute,
Cary, NC, USA): age at onset of diabetes, duration of
diabetes, sex, migration background, BMI SD score, insulin
regimen (number of injections per day), insulin dose and
use of both slow- and fast-acting insulin analogues. The
reporting centre was included in the model as a random
variable to adjust for intra-centre correlation (hierarchical
model).

Remission periods were defined as periods during which
daily insulin requirements were <0.5 U/kg and HbA1c

levels were <7.5%. Again, variables affecting the duration
of remission as the dependent variable were identified by
analysis of covariance (ANCOVA). The independent
variables evaluated in this GLIMMIX analysis were: age
at onset of diabetes, sex and migration background, with
reporting centre as a random variable.

Results

At the time of analysis, the DPV database contained
information on 159 individuals who met the criteria for
the Down’s syndrome group and on 41,983 individuals who
met the criteria for the group of patients with type 1
diabetes.

The key demographic data and clinical characteristics of
both groups are shown in Table 1. The two groups were
comparable with respect to sex, age and both onset and
duration of diabetes. There was a trend towards a higher
BMI in the Down’s syndrome group. Due to their primary
condition, children and adolescents with Down’s syndrome
were of shorter stature. Height was −2.7±1.2 SD score in
the 150 Down’s syndrome patients with diabetes for whom
height data were available, compared with −0.05±1.0 SD
score in 40,386 type 1 diabetic patients (p<0.001). Due to
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their shorter height, body weight in the Down’s syndrome
patients with diabetes was −0.85±1.29 SD score vs 0.40±
1.0 SD score (p<0.001; n=154) and thus also lower than in
the 40,595 type 1 diabetic patients. Analysis using an
uncorrected p value showed the BMI SD score to be
significantly increased (p<0.01), but the corrected p value
did not reach statistical significance (p=0.1).

The ages of diabetes onset in Down’s syndrome patients
with diabetes and in type 1 diabetic patients were 8.2±5.3
and 8.4±4.3 years (mean±SD), respectively. This difference
was not statistically significant. However, age distribution
differed in that onset during the first 3 years of life occurred
in 18.9% of Down’s syndrome patients with diabetes, but
only in 6.4% of type 1 diabetic patients (p<0.0001).
Moreover, age of diabetes onset showed two peaks for
Down’s syndrome patients with diabetes, whereas it was
approximately Gaussian in shape for type 1 diabetic
patients (Fig. 1).

Patients in the Down’s syndrome group received fewer
insulin injections per day and lower insulin doses. Data on
insulin therapy were analysed for 159 Down’s syndrome
patients with diabetes, of whom 35.8% were receiving
conventional treatment (twice daily mixed insulin regimen),
52.8% were on intensive conventional treatment (four times
daily insulin regimen, split dose basal insulin replacement)
and 5.7% were being treated by continuous subcutaneous
insulin infusion (CSII). In contrast, 14% of type 1 diabetic
patients were on conventional therapy, 64% were on intensive
conventional therapy and 15% were being treated by CSII.
Significant differences inmultiple step-down corrections were
found for conventional therapy (p<0.001), intensive conven-
tional therapy (p=0.08) and CSII (p<0.05) in Down’s
syndrome patients with diabetes. Fast-acting insulin ana-

logues were used more frequently by type 1 diabetic patients
(48.9% vs 25.7%, p<0.001). Similarly, the use of long-
acting insulin analogues was significantly more frequent in
type 1 diabetic patients than in Down’s syndrome patients
with diabetes (39.8% vs 25.2%, p<0.05).

Glycaemic control, as measured by HbA1c levels, was
better in the group of Down’s syndrome patients with diabetes
than in the group of type 1 diabetic patients (p<0.01).

Compared with type 1 diabetic counterparts, Down’s
syndrome patients with diabetes had a roughly twofold
increase in the frequency of antibodies and/or autoanti-
bodies related to coeliac disease and thyroid disease
(Table 2).

There were no significant differences between the two
groups with regard to diabetic complications such as
nephropathy or retinopathy. Furthermore, no differences
were observed in the manifestation of diabetic ketoacidosis
at diagnosis or in the further progression of the disease. No
difference was noted for the occurrence of severe hypo-
glycaemia or coma.

To distinguish different forms of diabetes in the Down’s
syndrome group, we looked for the presence of autoanti-
bodies associated with type 1 diabetes (collectively referred
to here as beta cell autoantibodies), including islet cell
antibodies (ICA), GAD antibodies, insulin autoantibodies
and tyrosine phosphatase IA-2 antibodies (IA-2A, Table 3).
Data on beta cell autoantibody measurements were avail-
able for 56 Down’s syndrome patients with diabetes. Of
these, 13 had no autoantibodies vs 43 patients with
diabetes-associated autoantibodies. The respective BMI
SD scores of 0.71±1.04 and 0.77±1.03 for Down’s
syndrome patients with diabetes and type 1 diabetic patients
were comparable. The insulin doses for antibody-negative

Variable Down’s+diabetes Type 1 diabetes only p value p value corrected

All patients (n) 159 41983

Male, n (%) 86 (54.1) 21,999 (52.4) 0.67 1.0

Female, n (%) 73 (45.9) 19,984 (47.6)

Age (years) 14.35±5.23 13.76±4.33 <0.001 <0.05

Patients (n) 159 41,983

BMI 22.59±5.66 21.08±4.10 <0.01 0.2

BMI SDS 0.81±1.09 0.51±0.96 <0.01 0.1

Patients (n) 150 40,261

Diabetes age of onset (years) 8.21±5.29 8.42±4.26 0.41 1.0

Patients (n) 159 41,983

Diabetes duration (years) 6.14±5.19 5.34±4.18 0.25 1.0

Patients (n) 159 41,983

Insulin injections daily 3.73±1.91 4.92±2.19 <0.001 <0.001

Patients (n) 153 40,087

Insulin dose (U/kg) 0.78±0.33 0.85±0.31 <0.001 <0.05

Patients (n) 152 39,598

Table 1 Demographic data and
clinical characteristics for young
type 3 diabetic patients with
Down’s syndrome and young
type 1 non-Down’s syndrome
diabetic patients

Unless otherwise indicated,
values are means±SD

The numbers of evaluable
patients vary according to the
availability of complete data sets
for the various target variables

All patients were <20 years old
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and antibody-positive Down’s syndrome patients with
diabetes were 0.78±0.23 and 0.78±0.41 Ukg−1day−1

(mean±SD) respectively. Diabetic ketoacidosis and severe
diabetic ketoacidosis with pH<7.1 at the onset of diabetes
occurred in none of the diabetic Down’s syndrome patients
who were antibody-negative. Of those who had detectable
autoantibodies, 33% and 0% had had diabetic ketoacidosis
and severe diabetic ketoacidosis, respectively, at diabetes
onset.

In the multiple regression analysis using HbA1c as the
dependent variable in Down’s syndrome patients with
diabetes, the only detectable association was that for insulin
dose, with a β value of 1.23, a standard error of β=0.38 and
significance at p<0.01. A further multiple regression
analysis showed no effect of age at diagnosis of diabetes,
sex or migration background on the duration of remission
in Down’s syndrome patients with diabetes. There were no
differences in insulin dose between boys and girls in the
Down’s syndrome group of patients with diabetes.

However, significant differences in associated autoim-
munity were observed. In girls, both with or without
Down’s syndrome, autoimmune diseases of the thyroid
and coeliac antibodies were markedly more frequent.
Thyroid antibodies were found in 19% of girls and 11%
of boys with type 1 diabetes, respectively (corrected
p<0.001), whereas such antibodies were present in 40%
of girls and 35% of boys in the Down’s syndrome group of
patients with diabetes, respectively (corrected p=1.0).

There were no significant differences between the
Down’s syndrome patients with diabetes and the group of
type 1 diabetic patients with regard to islet autoantibodies
(Table 3). The only exception was IA-2A, for which the
corrected p value indicated significantly lower levels in
Down’s syndrome patients with diabetes.

Discussion

We analysed data from 42,142 young diabetic patients aged
less than 20 years, 159 (0.38% or 38 per 10,000) of whom
had Down’s syndrome. This is very close to the prevalence
of 0.38% reported in a study of the Danish population [2]
that suggested an association with HLA genotypes and the
possibility of genetic risk loci on chromosome 21. The
0.38% prevalence of Down’s syndrome in our population of
diabetic patients was much higher than the Down’s
syndrome prevalence in other general populations. For
instance, a study from the Netherlands reported a preva-
lence of Down’s syndrome of 16 per 10,000 live births [8].
The Dutch study also reported increased neonatal and infant
mortality in patients with Down’s syndrome, which would
suggest an even lower prevalence in older children. This is
in line with a prevalence of 13 per 10,000 of the general
population of children and adolescents as reported from the
USA [9].

The Danish study [2] found that the onset of type 1
diabetes occurred at an earlier age of 6 years in Down’s
syndrome patients compared with 8.2 years in the back-
ground population. In our study, we found a smaller
difference of 8.2 vs 8.4 years. As the Danish study included
only eight patients with Down’s syndrome, as opposed to
the 159 patients in our study, we are confident that our data
reflect the true difference more accurately.

The different age distributions within our cohort may be
indicative of different aetiological mechanisms. Analyses
that included diabetes-associated antibodies yielded no
relevant indications; however, data sets were not sufficient-
ly complete to allow any conclusions about HLA genotypes
or the occurrence of diabetes-specific antibodies. This may
also be due to the retrospective analysis of data, some of
which were collected at a time when some or all of these
antibodies were not yet known. In an extensive study of

Fig. 1 Distribution of age of diabetes onset in (a) patients with
Down’s syndrome and diabetes mellitus and (b) type 1 diabetic
patients
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islet cell autoimmunity [10], the prevalence of diabetes-
associated HLA class II genotypes was the same in diabetic
patients with or without Down’s syndrome. However, the
frequency of the highest risk HLA class II genotypes in
diabetic patients with Down’s syndrome was half as high as
in diabetic patients without Down’s syndrome. The authors
also suggested that there might be loci on chromosome 21
that enhance the penetrance of diabetogenic genes.

In our study, the frequencies of islet autoantibodies were
similar in Down’s syndrome patients with diabetes and in
patients with type 1 diabetes. Therefore, in view of the
classification proposed by the American Diabetes Associ-
ation [5], it appears very likely that diabetes in young

Down’s syndrome patients is of the autoimmune type. Our
data are in agreement with a study from the UK, which
reported a higher frequency of subclinical islet autoimmu-
nity in children with Down’s syndrome [10].

Our data show that there were no differences between
autoantibody-positive and autoantibody-negative young
Down’s syndrome patients with diabetes with respect to
daily insulin dose, BMI SD score or the occurrence of
diabetic ketoacidosis at the onset of diabetes. This also
suggests that type 3 diabetes in children and adolescents
with Down’s syndrome should be viewed in the context of
increased autoimmunity in type 1 diabetes mellitus.

In spite of their intellectual impairment, Down’s syn-
drome patients had better metabolic control of their diabetes
than the group of type 1 diabetic patients, as judged by
HbA1c levels. They appeared to have simpler insulin
treatment regimens, with fewer injections per day (p<
0.001) and a trend towards lower doses. Our data are in
agreement with the findings of a study from Scotland,
which also reported better glycaemic control and lower
insulin doses in Down’s syndrome patients with diabetes
[11]. In contrast, a study from Brazil observed insulin
resistance (without manifest diabetes) in overweight ado-
lescent girls with Down’s syndrome [12]. This was not
confirmed by our data. The slightly higher insulin doses in
our Down’s syndrome group relative to adults with Down’s
syndrome may be explained by the increased insulin
requirement during growth and puberty, whereas the
Scottish study was conducted in adult diabetes patients
with Down’s syndrome [11].

The simpler lifestyle and acceptance of routine could
explain the better metabolic control in diabetic patients with
Down’s syndrome [11]. It has also been suggested that
diabetic patients with Down’s syndrome have a lower
prevalence of diabetic retinopathy [13]. This could be due
to better metabolic control or a lower risk HLA genotype

Table 3 Islet autoantibodies in young type 1 diabetic patients and in
young type 3 diabetic patients with Down’s syndrome

Variable Down’s+
diabetes

Type 1
diabetes only

p value p value
corrected

ICA (% of n) 40.0 58.1 <0.05 0.6

Patients (n) 40 10,475

GADA (% of n) 66.0 65.7 0.97 1.0

Patients (n) 47 11,228

IAA (% of n)a 63.3 54.7 0.57 1.0

Patients (n) 22 5,616

IA-2A (% of n) 35.3 66.9 <0.001 <0.01

Patients (n) 34 7,701

Beta cell
autoantibodies
(% of n)

76.8 82.0 0.31 1.0

Patients (n) 56 14,813

Values are given as n or percentages of patients with detectable
antibodies
a During first 4 weeks after diagnosis

IAA, insulin autoantibodies; ICA, islet cell antibodies; GADA, GAD
antibodies

Variable Down’s+diabetes Type 1 diabetes only p value p value corrected

Patient total (n) 159 41,983

HbA1c (%) 7.8±1.4 8.5±1.8 <0.001 <0.001

HbA1c-DCCT 7.6±1.4 8.3±1.8 <0.001 <0.001

Patients (n) 152 40,763

Antibodiesa

Anti-thyroglobulin (%) 37.2 14.9 <0.001 <0.001

Patients (n) 86 18,952

Thyroxine peroxidase (%) 40.8 15.8 <0.001 <0.001

Patients (n) 103 24,890

Coeliac b (%) 50.5 20.4 <0.001 <0.001

Patients (n) 95 22,277

Anti-gliadin IgA (%) 31.5 6.8 <0.001 <0.001

Patients (n) 73 17,255

Table 2 Immunological, endo-
crine and glycaemic control
variables in young type 1 dia-
betic patients and type 3 diabetic
patients with Down’s syndrome

Unless otherwise indicated, val-
ues are means±SD
aGiven as percentages of patients
with detectable antibodies
b Coeliac-specific antibodies (IgG
and IgA antibodies to gliadin,
endomysium or tissue transgluta-
minase IgA antibodies)
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[10]. In our study cohort, microalbuminuria was found in
3.1% of 65 young Down’s syndrome patients with diabetes
after a mean of 6.1 years of diabetes duration. This
compares with microalbuminuria being present in 17.0%
of 24,948 young type 1 diabetic patients after 5.3 years.
The Scottish study reported complications in the form of
nephropathy and neuropathy in two out of 13 Down’s
syndrome patients with diabetes, one of whom had end-
stage renal disease [11]. Our cohort included no diabetic
Down’s syndrome patients with diabetic retinopathy, which
was present in 2.1% of 21,732 type 1 diabetic patients. This
is in agreement with data from Ireland showing a lower
prevalence of diabetic retinopathy in Down’s syndrome
patients with diabetes. The authors of that study hypoth-
esised that lower blood pressure and lower IGF-1 levels in
Down’s syndrome patients with diabetes possibly had a
protective effect [13].

Compared with people without Down’s syndrome,
Down’s syndrome patients generally have significantly
elevated risks of coeliac disease and hypothyroidism, which
have been reported to be 4.7 and 9.4 times higher,
respectively [4]. Our study provided additional evidence
in support of these findings. In the Down’s syndrome
group, coeliac antibodies were increased twofold and
gliadin IgA antibodies almost fivefold. We also observed
a twofold increase in antithyroglobulin and thyroxine
peroxidase antibodies in our Down’s syndrome patients
with diabetes.

In conclusion, the results of our analysis of the current
DPV data confirm that diabetes mellitus in young individ-
uals with Down’s syndrome is more often due to autoim-
munity than to insulin resistance and that additional
comorbidities are more frequent in diabetic Down’s
syndrome patients than in non-Down’s syndrome patients
with type 1 diabetes. However, glycaemic control is better
in the former group than in non-Down’s syndrome type 1
diabetic patients, and that despite lower insulin doses. More
specific studies are needed to identify the genetic factors
that cause diabetes mellitus in Down’s syndrome, e.g. the
effects of the additional chromosome 21 or of alterations to
the HLA genes on chromosome 6.
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