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OBJECTIVE

Down syndrome (DS) is the most common form of chromosomal trisomy. Genetic
factors in DS may increase the risk for diabetes. This study aimed to determine
whether DS is associated with an increased incidence of diabetes and the rela-
tionship with obesity across the life span compared with control patients.

RESEARCH DESIGN AND METHODS

This matched population–based cohort study analyzed UK Clinical Practice Research
Datalink data from 1990 to 2020.

RESULTS

A total of 9,917 patients with DS and 38,266 control patients were analyzed. Dia-
betes rates were higher in patients with DS (incidence rate ratio 3.67; 95% CI
2.43–5.55; P < 0.0001) and peaked at a younger age (median age at diagnosis
38 [interquartile range 28–49] years vs. 53 [43–61] years in control patients). Inci-
dence rates (per 1,000 person-years) for type 1 diabetes mellitus were 0.44 (95%
CI 0.31–0.61) in patients with DS vs. 0.13 (0.09–0.17) in control patients. Type 2
diabetes mellitus (T2DM) rates were higher in patients with DS versus control pa-
tients in age-groups from 5 years up to 34 years. In patients with DS, peak mean
BMI was higher and at a younger age (males 31.2 kg/m2 at age 31 years; females
32.1 kg/m2 at 43 years) versus control patients (males 29.5 kg/m2 at 54 years;
females 29.2 kg/m2 at 51 years). Obesity was associated with an increased inci-
dence of T2DM.

CONCLUSIONS

At younger ages, the incidence of diabetes in patients with DS is up to four times
that of control patients. Peak mean BMI is higher and established earlier in DS,
contributing to T2DM risk. Further investigation into the relationship between obe-
sity and diabetes in DS is required to inform treatment and prevention measures.

Down syndrome (DS) is the most common form of trisomy, birth anomaly, and ge-
netic cause of intellectual disability (1). People with DS have a constellation of well-
recognized facial features as well as other medical conditions, including congenital
heart defects, gastrointestinal abnormalities, hematological abnormalities, and im-
mune dysregulation caused by an extra copy of chromosome 21 (2). The incidence
of DS is estimated at 1 in 1,000 births worldwide and in the U.K. (3).
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People with DS are at increased risk
of type 1 diabetes mellitus (T1DM) com-
pared with the general population. The
increased incidence of T1DM is thought
to be due to trisomy of genes on chro-
mosome 21 and increased defects of the
immune system in DS (4,5). The gene for
a transcriptional regulator, autoimmune
regulatory protein (AIRE), is located on
chromosome 21, and it is established
that AIRE expression is reduced in patients
with DS. It is thought that this may pro-
mote autoimmunity in DS and, thus, the
development of T1DM (6). Exact mecha-
nisms are not clearly established, but it is
suggested that mitochondrial dysfunction
and increased oxidative stress are features
of DS cells that may increase susceptibility
to diabetes (7).
Obesity and type 2 diabetes mellitus

(T2DM) rates have increased in the gen-
eral population, but it is not known
whether this similarly affects people
with DS (8–10). Nonetheless, studies have
shown that there is a higher incidence of
obesity in DS that predisposes to insulin
resistance (11). Furthermore, patients
with DS show an increased rate of non-
alcoholic fatty liver disease, which is closely
associated with insulin resistance (12).
As well as obesity, a number of genes

located on the DS critical region of chro-
mosome 21, including dual-specificity tyro-
sine phosphorylation regulated kinase 1A
(DYRK1A) and regulator of calcineurin 1
(RCAN1), are being investigated and are
thought to contribute to diabetes in DS
(13,14). Loss of b-cell mass is a key fea-
ture in both T1DM and T2DM (13,15).
Studies have shown that inhibition of
DYRK1A induces b-cell proliferation (16,17).
Wang et al. (17) further explored the role
of DYRK1A as a regulator of proliferation in
human b-cells and found that overexpres-
sion of DYRK1A attenuated b-cell prolifera-
tion in human islet cells, and conversely,
reducing endogenous DYRK1A led to an
increase in human b-cell proliferation.
Similarly, rodent studies have found that
overexpression of RCAN1 causes diabe-
tes, age-associated hyperglycemia, im-
paired glucose tolerance, hypoinsulinemia,
loss of b-cells, and the downregulation
of key b-cell genes (14).
To determine the natural history in

a representative sample of people with
DS across age ranges and trend over
the decades of diabetes and obesity
in DS, we performed a large retrospective
cohort study using linked electronic health

records. We examined diabetes risk, age
of onset, and obesity in DS compared
with the general population over the past
three decades using a nationally represen-
tative primary care database. Specifically,
with use of this data set, we analyzed the
association of DS with diabetes and the re-
lationship with obesity across the life span
compared with a control population.

RESEARCH DESIGN AND METHODS

Data Source
We performed a matched population–
based cohort study using the U.K. Clinical
Practice Research Datalink (CPRD) GOLD
database. We used data collected over
three decades from 1990 to 2020. The
CPRD GOLD database is one of the
world’s largest of primary care electronic
health records, with participation of �7%
of U.K. family practices and with ongo-
ing collection of anonymized data from
�9 million patients (18). The high quality
of CPRD GOLD data has been confirmed
in many studies (19). The protocol was
approved by the CPRD Independent Sci-
entific Advisory Committee (ISAC protocol
20-048R).

All patients with DS were identified
from the July 2020 release of CPRD
GOLD, using 10 Read codes for DS or
trisomy 21. Control patients were sam-
pled from the list of all registered patients
in the database without DS. Control pa-
tients were exactly matched on family
practice, sex, year of birth, and calendar
date of start of record to within 1.5 years.
Up to four control patients were ran-
domly sampled for each patient with DS
using the sample function in R statistical
software (20).

Main Measures
Patients were classified as having diabe-
tes if a diabetes diagnosis was recorded
in CPRD GOLD clinical or referral files
(diagnostic code list in Supplementary
Table 1), if they were prescribed oral
hypoglycemic drugs or insulin (medica-
tion code list in Supplementary Table 2),
or if they had an HbA1c $48 mmol/mol
recorded on two or more occasions. The
date of the first event of any type that
was >365 days after the start of the
patient’s registration was considered
as the diabetes incidence date. In sup-
plementary analyses, patients were clas-
sified as having T1DM if they were first
prescribed insulin within 91 days of

the diabetes diagnosis and were aged
<35 years (21); otherwise, they were
classified as having T2DM. Records for
BMI were analyzed after calculating BMI
from height and weight where appro-
priate. BMI records for adults aged
$18 years were classified according to
the World Health Organization categories
of underweight (<18.5 kg/m2), normal
weight (18.5–24.9 kg/m2), overweight
(25–29.9 kg/m2), or obese ($30 kg/m2).
Children and young people aged 2–17 years
were grouped into the same categories
by international BMI standards (1,22)
using the zanthro package (23) in Stata
statistical software (24). The mean of
BMI values recorded in each year of age
were used for each patient. Overall mean
BMI values were plotted by single year of
age, only including mean values where
there were five or more patients with
observations, with no imputation. Since
BMI was not recorded in every year,
BMI categories were imputed using the
method of last observation carried for-
ward, or backward, allowing patients to
remain in the same category for up to
5 years following a measurement.

Analysis
To analyze changes in diabetes rates over
time, incidence per 1,000 person-years
was used. Person time was analyzed
between 1990 and 2020. The start of
each patient’s record was the latest of
the patient registration date, the prac-
tice up-to-standard date, or 1 January
1990, while the end of record was the
earliest of the end of registration, patient
death date, last data collection date at
the practice, or 1 July 2020. Records
of patients who developed diabetes
were censored at the index date. New
diagnoses of diabetes were compared
for patients with DS and control patients
by aggregating over age-group, sex, and
period. Age was divided into the follow-
ing categories: 0–4 years, 5–14 years,
and 10-year ranges thereafter up to
65–75 years. Periods were divided into
1990–1999, 2000–2009, and 2010–2020.
Incidence rates were estimated per
1,000 person-years, and 95% CIs were
derived from Poisson distribution. A
Poisson regression model was fitted to
calculate an adjusted incidence rate ra-
tio (IRR). Age was fitted as a continuous
predictor in the regression model, with
a quadratic term to allow for nonlinearity;
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similarly, calendar year and year squared
were fitted. Sex and DS status were
fitted as factors. An interaction term
between DS and age was included. Pre-
dicted rates were plotted.

RESULTS

There were 10,247 patients who were
diagnosed with DS and registered in CPRD
GOLD at any time between 1990 and
2020. Forty-three patients recorded as
having DS who reached ages >75 years
were excluded because they were outliers
in terms of typical DS life expectancy (2).
This left 10,204 (5,372 female) patients
with DS and 39,814 (20,681 female) con-
trol patients as comparators. There were
287 cases of preexisting diabetes in pa-
tients with DS and 433 in control pa-
tients at cohort entry. Because the study
focused on incidence (new-onset) rates
from birth to 75 years of age, these
patients with preexisting diabetes were
excluded, leaving 9,917 patients with DS
eligible for the analysis of diabetes inci-
dence. In the control group, prevalent
cases of diabetes were removed, as
well as 1,115 patients who did not have
comparator patients with DS. After these

exclusions, the final sample of control
patients eligible for analysis was 38,266.

There were 287 new diagnoses of di-
abetes in patients with DS and 1,254 in
control patients (Supplementary Table 4).
There were 83,160.5 person-years of
follow-up for patients with DS and
389,136.1 person-years for control pa-
tients (Table 1). Of the 287 new cases
in DS, 37 (12.9%) were T1DM and 250
(87.9%) were T2DM. In the control pop-
ulation, of 1,254 new cases, 49 (3.9%)
were T1DM and 1,205 (96.1%) were
T2DM. There were similar proportions
of male and female patients in both
groups (Supplementary Table 4).

Changes Through the Decades
Cases of diabetes increased more than
three times over the past three decades
in both patients with DS and control pa-
tients (Table 1). In the period 1990–1999,
the incidence rate of diabetes per 1,000
person-years was 1.29 and 1.16 in pa-
tients with DS and control patients, re-
spectively. This increased to 3.26 and 3.04,
respectively, in the period 2000–2009
and increased further to 4.40 and 4.30,
respectively, in the period 2010–2020.

Changes With Age
The median age at diagnosis of diabetes
was 38 (interquartile range 28–49) years
in patients with DS vs. 53 (43–61) years in
control patients (Supplementary Table 4).
Figure 1 shows the distribution of age at
diagnosis of diabetes by sex for patients
with DS and control patients, with in-
creased cases of diabetes seen in both
men and women with DS compared with
control patients up to age �45 years. In
children and young adults, diabetes was
four times more common in patients
with DS than in control patients (Table 1);
the incidence rate per 1,000 person-years
was 1.55 (95% CI 0.95–2.39) in patients
with DS vs. 0.38 (0.25–0.57) in control pa-
tients at ages 5–14 years and 2.75 (1.90–
3.84) vs. 0.68 (0.48–0.93), respectively, at
ages 15–24 years. The incidence of diabe-
tes was approximately double in patients
with DS aged 25–44 years; the incidence
rate per 1,000 person-years was 3.86
(2.93–5.01) in patients with DS vs. 1.65
(1.32–2.04) in control patients at ages
25–34 years and 4.70 (3.71–5.88) vs.
2.92 (2.52–3.37), respectively, at ages
35–44 years. At ages 45–54 years, the
incidence rate was comparable in both

Table 1—Incidence of diabetes by sex, age-group, period, and BMI category for patients with DS and control patients

DS Control

Diabetes
diagnoses

Person-years
at risk

Incidence rate per
1,000 person-years

(95% CI)
Diabetes
diagnoses

Person-years
at risk

Incidence rate per
1,000 person-years

(95% CI)

Total 287 83,160.5 3.45 (3.06–3.87) 1,254 389,136.1 3.22 (3.05–3.41)

Period

1990–1999 15 11,602.1 1.29 (0.72–2.13) 71 60,947.0 1.16 (0.91–1.47)
2000–2009 122 37,480.8 3.26 (2.70–3.89) 550 180,986.6 3.04 (2.79–3.30)
2010–2020 150 34,077.6 4.40 (3.73–5.17) 633 147,202.5 4.30 (3.97–4.65)

Sex

Male 137 38,770.7 3.53 (2.97–4.18) 617 190,023.8 3.25 (3.00–3.51)
Female 150 44,389.8 3.38 (2.86–3.97) 637 199,112.3 3.20 (2.96–3.46)

Age-group, years

0–4 1 6,104.5 0.16 (0.00–0.91) 4 33,986.7 0.12 (0.03–0.30)
5–14 20 12,916.8 1.55 (0.95–2.39) 25 65,148.9 0.38 (0.25–0.57)
15–24 34 12,379.2 2.75 (1.90–3.84) 38 56,126.1 0.68 (0.48–0.93)
25–34 57 14,750.9 3.86 (2.93–5.01) 87 52,598.1 1.65 (1.32–2.04)
35–44 77 16,366.0 4.70 (3.71–5.88) 186 63,677.5 2.92 (2.52–3.37)
45–54 61 13,704.9 4.45 (3.40–5.72) 356 64,138.6 5.55 (4.99–6.16)
55–64 32 6,006.0 5.33 (3.64–7.52) 384 39,821.9 9.64 (8.70–10.66)
65–75 5 932.1 5.36 (1.74–12.52) 174 13,638.2 12.76 (10.93–14.80)

BMI category

Underweight 4 895.5 4.47 (1.22–11.44) 2 4,450.8 0.45 (0.05–1.62)
Normal weight 31 12,408.2 2.50 (1.70–3.55) 133 53,086.0 2.51 (2.10–2.97)
Overweight 51 12,053.3 4.23 (3.15–5.56) 306 41,988.1 7.29 (6.49–8.15)
Obese 148 18,334.7 8.07 (6.82–9.48) 678 38,601.2 17.12 (15.86–18.46)
Not recorded 53 39,468.8 1.34 (1.01–1.76) 135 250,010.0 0.54 (0.45–0.64)
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groups, and in older age-groups, diabetes
was approximately twice as common in
control patients compared with patients
with DS.

IRR for Diabetes
After accounting for age, age-DS interac-
tion, sex, calendar year, and BMI (Table 2),
the incidence of diabetes was nearly
four times higher in patients with DS
than control patients (IRR 3.67 [95% CI
2.43–5.55]; P < 0.0001). However,
the effect declined with age (0.96
[0.96–0.97]; P < 0.0001), and at older
ages, patients with DS had lower IRRs of
diabetes (Fig. 1).

T1DM and T2DM
The overall incidence rate of T1DM per
1,000 person-years was more than three
times higher in patients with DS than
control patients (0.44 [95% CI 0.31–0.61]
vs. 0.13 [0.09–0.17], respectively) (Supple-
mentary Table 5). Patients with DS aged
15–24 years had the highest incidence
rate of T1DM per 1,000 person-years

(1.13 [0.62–1.90] vs. 0.18 [0.09 to 0.33]
in control patients). In all other age-groups
(up to 34 years of age), there was no clear
difference in the incidence of T1DM

between groups (Supplementary Table 5
and Supplementary Fig. 1).

Overall, the incidence rate of T2DM
per 1,000 person-years was similar
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Figure 1—Distribution of age at diagnosis of diabetes by sex for patients with DS (red) and control patients (blue). Left: Density plot of incident
cases. Middle: Age-specific incidence rates (95% CIs). Right: Predicted incidence by age from regression model.

Table 2—Results of the Poisson regression model

Variable and category IRR (95% CI) P

DS 3.67 (2.43–5.55) 0.000

Calendar year (per year) 1.09 (1.04–1.13) 0.000

Calendar year squared 1.00 (1.00–1.00) 0.001

Age (per year) 1.06 (1.04–1.08) 0.000

Age squared 1.00 (1.00–1.00) 0.031

DS-age interaction 0.96 (0.96–0.97) 0.000

BMI category

Not recorded 0.32 (0.26–0.40) 0.000
Underweight 0.60 (0.26–1.35) 0.22
Normal weight Reference
Overweight 1.92 (1.59–2.31) 0.000
Obese 4.43 (3.74–5.25) 0.000

Sex

Male Reference
Female 0.76 (0.69–0.84) 0.000

Diabetes IRRs were adjusted for each of the variables shown.
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between patients with DS (3.01 [95% CI
2.65–3.40]) and control patients (3.10
[2.92–3.28]) (Supplementary Table 6). How-
ever, when broken down by age-group,
there was a much higher incidence of
T2DM in patients with DS than control
patients from age 5 to 34 years (Supple-
mentary Table 6 and Supplementary
Fig. 2). At ages 5–14 years, the incidence
rate of T2DM per 1,000 person-years
was 10 times higher in patients with DS
than control patients (0.62 [0.27–1.22]
vs. 0.06 [0.02–0.16], respectively) (Supple-
mentary Table 6 and Supplementary
Fig. 2). In both groups, incidence in-
creased by age, with a higher incidence
in patients with DS in age-groups up to
45 years. Rates were comparable be-
tween groups at age 45–54 years. There
was approximately double the incidence
of T2DM in control patients compared
with patients with DS in age-groups
>54 years.

Impact of Obesity
There was an overall increased risk of
diabetes in overweight and obese pa-
tients compared with those with normal
weight (IRR 1.92 [95% CI 1.59–2.31] and
4.43 [3.74–5.25], respectively) (Table 2).
Mean BMI was 34.3 (SD 8.7) kg/m2 in
patients with DS and 33.2 (7.1) kg/m2 in
control patients (Supplementary Table 4).

Figure 2 shows increased mean BMI at
up to �45 years of age in men and
60 years of age in women with DS com-
pared with control patients. Younger
patients with DS had higher peaks in
mean BMI than control patients as did
women with DS compared with their
male counterparts and control patients
(Fig. 2). In DS, the greatest mean BMI
was reached at age 31 years in men
(31.2 kg/m2) and 43 years in women
(32.1 kg/m2) vs. 54 years in male con-
trol patients (29.5 kg/m2) and 51 years
in female control patients (29.2 kg/m2).
In both groups, raised BMI was associ-
ated with increased incidence of diabe-
tes. In patients with DS, the incidence
rate of diabetes per 1,000 person-years
was 8.07 (95% CI 6.82–9.48) in those
with obesity vs. 4.23 (3.15–5.56) in
those who were overweight and 2.50
(1.70–3.55) in those with normal weight
(Table 1). In control patients, the inci-
dence rate of diabetes per 1,000 person--
years was markedly higher with increasing
BMI (normal weight 2.51 [2.10–2.97];
overweight 7.29 [6.49–8.15]; obese 17.12
[15.86–18.46]) (Table 1).

There was no difference in incidence
of T1DM by BMI category for either
group (Supplementary Table 5). There
was an increased incidence of T2DM
with increased BMI in both groups

(Supplementary Table 6). The incidence
rate of T2DM per 1,000 person-years in
patients with DS rose from 1.93 (95% CI
1.24–2.88) in those with normal weight
to 3.90 (2.87–5.19) and 7.58 (6.37–8.95)
in those who were overweight and
obese, respectively. In control patients,
the incidence rate of T2DM per 1,000
person-years rose with increased weight
gain from 2.24 (1.86–2.68) in patients
with normal weight to 7.12 (6.34–7.98)
and 16.89 (15.63–18.22) in patients
who were overweight and obese,
respectively.

Management
Patients with DS were less likely to be
recorded as receiving oral hyperglyce-
mic medication within the first 5 years
from diagnosis than control patients
(113 [39%] of 287 and 722 [58%] of
1,254, respectively). Fifty-eight (20%)
patients with DS and 138 (11%) control
patients were receiving insulin therapy.
Median levels of HbA1c (53 mmol/mol)
were similar between groups.

CONCLUSIONS

In this U.K.-based cohort study using
a nationally representative primary care
database, we show evidence of an in-
creased incidence of diabetes over the
past three decades from 1990 to 2020 in
both patients with DS and control pa-
tients. This is in keeping with global
and U.K.-based studies that have shown
increasing incidence of T2DM across
populations up until approximately the
mid-2000s, with stable or falling rates in
subsequent years (8).

National surveys in the U.K. have
shown a clear increase in the proportion
of overweight or obese adults between
1993 and 2001, with small changes seen
since then (9). Similarly, surveys of chil-
dren have shown an increase in obesity
between 1995 and 2004, with a sub-
sequent, broadly steady incidence (10).
Obesity is a recognized risk factor in
other diseases, with clear associations
between obesity and T2DM and coro-
nary heart disease (25,26). Studies have
shown an increased incidence of over-
weight and obesity in both adults and
children with DS (27,28).

Our study shows an adjusted increased
IRR of 3.67 (95% CI 2.43–5.55) of diabetes
in DS. There is a difference in the age
of onset of diabetes between the DS and
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Figure 2—Mean BMI by single year of age and sex for patients with DS (red) and control
patients (blue).

2896 Diabetes and Obesity in Down Syndrome Diabetes Care Volume 45, December 2022

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/45/12/2892/716268/dc220482.pdf by guest on 23 July 2025

https://doi.org/10.2337/figshare.20810833
https://doi.org/10.2337/figshare.20810833
https://doi.org/10.2337/figshare.20810833
https://doi.org/10.2337/figshare.20810833
https://doi.org/10.2337/figshare.20810833
https://doi.org/10.2337/figshare.20810833
https://doi.org/10.2337/figshare.20810833
https://doi.org/10.2337/figshare.20810833
https://doi.org/10.2337/figshare.20810833
https://doi.org/10.2337/figshare.20810833
https://doi.org/10.2337/figshare.20810833
https://doi.org/10.2337/figshare.20810833


control populations of our study, with in-
cidence in DS increased in age-groups
<44 years. With regard to age-group–
specific incidence, our study shows that
patients with DS are at significantly in-
creased risk of diabetes at a younger age
than the general population, with more
than four times the risk in children and
young adults (aged 5–24 years) and
more than double the risk in patients
aged 25–44 years. We show that there
is an increased risk for T1DM in children
and young patients with DS compared
with general population, with almost
three times the risk in children aged
5–14 years and seven times the risk
in patients aged 15–24 years. The in-
cidence for T2DM is >10 times higher
in patients aged 5–14 years with DS
compared with control patients. There
remains an increased incidence for T2DM
(although less profound a difference) in
age-groups up to 45 years. In older age-
groups >55 years, there is an increased
incidence of T2DM in control patients
compared with patients with DS.
Our study also reiterates that raised

BMI is associated with an increased inci-
dence of diabetes and additionally shows
that in patients with DS, obesity affects
younger age-groups. We show that being
overweight confers an increased risk of
T2DM in both groups and that this addi-
tional risk is higher in control patients
than in patients with DS.
The underlying mechanisms for this

increased susceptibility for diabetes in
DS still need further investigation. A
combination of factors, including genetic
susceptibility, predisposition to auto-
immunity, mitochondrial dysfunction,
increased oxidative stress, and cellular
dysfunction, are thought to contribute
to this risk. Candidate genes include
AIRE, DYRK1A, and RCAN1 (6,14,16,17).
Some of the increased risk of diabetes
at a younger age in people with DS may
be explained by a predisposition to auto-
immune conditions, more specifically of
T1DM. DS may be associated with a re-
duction in b-cell mass and impaired insu-
lin secretion in DS (13–17).
In support of these various mecha-

nisms, we found evidence for an increase
in both T1DM and T2DM in patients with
DS. Furthermore, we show that patients
with DS have a similar increase in diabetes
incidence over time and thus, are also
subject to the environmental factors re-
lated to this increase, such as increased

rates of obesity and dietary risk factors.
However, the extent to which obesity
predisposes to diabetes in people with
DS is somewhat reduced compared with
the general population, suggesting that
additional biological mechanisms associ-
ated with DS may be related to an in-
creased incidence of diabetes. Our study
supports the theory for an underlying
genetic predisposition to diabetes in pa-
tients with DS that may be in addition to
their risk of obesity.

HbA1c is a marker for glycemic control
and has been shown in some studies to
correlate with risk of diabetic complica-
tions (29). Reassuringly, our analysis
found similar median levels of HbA1c
between patients with DS and control
patients.

Limitations
In the U.K., primary care is the usual
first point of contact for adult patients
with T2DM, and repeat prescriptions for
both adults and children with diabetes
of any kind are issued by primary care.
In this way, the CPRD database is likely
to better represent the burden of dis-
ease compared with secondary care
records. However, T1DM in adults and
diabetes of any type in children is man-
aged in secondary care, though with
input from primary care; nevertheless,
the CPRD database might reveal an under-
estimate of the true incidence of T1DM.
Furthermore, in contrast to adults with
DS, annual health reviews in children
with DS are usually performed by com-
munity pediatricians (in secondary care)
with differing access to primary care
health records. This is likely to be re-
flected in our study with missing BMI
data for children with DS.

Our classification of T1DM (patients
who were first prescribed insulin within
91 days of the diabetes diagnosis and
were aged <35 years) may include pa-
tients with very poorly controlled diabe-
tes of other types who may require
insulin therapy earlier on, therefore lead-
ing to misclassifying these patients as
having T1DM. Other published works
using similar large clinical data sets also
use nonstandard definitions of T1DM
and T2DM to reduce the number of
missing cases due to incomplete cod-
ing (30–33). Since we have been con-
sistent in our definitions between our
control group and DS group, we believe

that the analyses nevertheless show a
valuable difference between popula-
tion groups.

In this study, we classified diabetes in
DS as T1DM and T2DM. We recognize
that there are some classification sys-
tems, such as the International Society
for Pediatric and Adolescent Diabetes,
that would classify diabetes in DS under
the alternative heading of other genetic
syndromes sometimes associated with
diabetes (34). However this is not the
case for classification systems such as
the International Statistical Classification
of Diseases and Related Health Prob-
lems, where diabetes in DS would fall
under T1DM and T2DM categories (35).
Furthermore, in practice, clinicians car-
ing for patients with DS with diabetes
would generally classify diabetes as
T1DM and T2DM on the basis of clinical
and biochemical phenotype, which has
direct implications in understanding mech-
anisms as well as clinical management and
prevention. Importantly, within the DS
field, it is accepted to classify diabetes
as T1DM and T2DM, as evidenced in pre-
vious publications, including those by the
Down Syndrome Medical Interest Group
(4,36–38). We acknowledge that the dif-
ferentiation between T1DM and T2DM
may require additional biochemical inves-
tigations that may not always be possible
in the primary care setting. Finally, we re-
port on overall incidence of diabetes in
patients with DS compared with control
patients, which includes both T1DM and
T2DM classifications as well as other
types of diabetes (Supplementary Table 1).
In this way, our data are likely to better
capture incidence of diabetes and reduce
classification errors.

In conclusion, between 1990 and
2020, the median age at diabetes diag-
nosis was 15 years earlier in patients
with DS and more than four times more
common in children and young adults
with DS compared with control patients.
There was also an increased incidence
of obesity in children and young adults
with DS, with increasing rates over
time. Our study suggests the need for
close monitoring and early identifica-
tion of diabetes (and obesity) in this
susceptible population. Health promo-
tion is vital in the prompt detection
and treatment of T1DM, and annual
health checks for children with DS
should ensure that those with parental
responsibility are given adequate
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information of signs and symptoms of
T1DM (namely polyuria, polydipsia, and
weight loss). HbA1c is not routinely mea-
sured in children and adolescents with DS.
Our study suggests that they have an
additional risk of T2DM and are also
susceptible to the environmental fac-
tors driving increased rates of obesity
and T2DM. We would therefore recom-
mend proactive monitoring of HbA1c at
annual health checkups in adolescents
with DS. Furthermore, exploration of
the genetic predisposition to diabetes
and obesity in DS is necessary for de-
velopment of effective therapies and
to inform future preventive measures.
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