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Screening for type 1 diabetes: are we nearly there yet?
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Abbreviation
DKA Diabetic ketoacidosis

On the 31 December 2014, 13-year-old Peter Baldwin from
Cardiff, UK, was taken to his GP with symptoms of a wors-
ening chest infection, thirst and tiredness. His blood glucose
was not checked, new-onset type 1 diabetes was missed, and
Peter subsequently went on to develop severe diabetic
ketoacidosis (DKA). Despite the best efforts of paramedics
and healthcare staff, Peter unfortunately did not get past the
first few days of his type 1 diabetes and passed away soon
after. A tragic loss to all that knew him, and of a promising
young life [1].

Unacceptably high proportions of children are diagnosed in
DKA (24% in England and Wales, 30% in the US state of
Colorado [2, 3]). In this issue of Diabetologia, Lundgren
and colleagues report the results of a study that extends our
understanding of some of the benefits of screening and allows
us to explore more proactive approaches to diagnosing type 1
diabetes [4].

Detectable evidence of beta cell immunity precedes the
clinical presentation of type 1 diabetes by a number of years
[5]. This immunity is most efficiently measured by a blood
test for autoantibodies to beta cell-associated proteins such as
GAD, insulin and islet antigen 2 (IA2) [6]. Combined with the
use of genetic markers [7] and oral glucose challenge, these
tests allow detection of people at risk of developing type 1
diabetes long before the onset of hyperglycaemia and of

symptoms [8]. Currently, these investigations are used for re-
search purposes, to understand the natural history and devel-
opment of type 1 diabetes, and to identify individuals in whom
prevention therapies can be tested.

However, cases like those of Peter Baldwin, and the signif-
icant proportion of children who present with DKA at diag-
nosis, make us question whether these screening tests should
be rolled out to the general population. This is an emotive
topic and one we should explore carefully. The current think-
ing on this subject suggests we should not be routinely screen-
ing for type 1 diabetes because there is no therapy currently
proven to prevent or significantly delay the onset of this con-
dition. This is supported by guidelines from respected author-
ities in this area [9]. However, this does not consider the ben-
efits associated with early detection of type 1 diabetes, not
least of which is prevention of death by DKA.

So, what are the benefits of screening for type 1 diabetes?
A number of research studies have now outlined what these
may be (Table 1). These research studies have either screened
the general population or been more focused and screened
people deemed at risk because they have a family member
with the disease. Screening has been undertaken through ge-
netic and autoantibody tests followed by glucose tolerance
tests for those deemed at risk. To date, screening studies have
largely studied children and not explored adults (the age group
in which almost 40% of type 1 diabetes presents). The benefit
most consistently reported across these studies is avoidance of
DKA. This is a significant benefit, with a reduction from a
quarter of new type 1 diabetes being diagnosed in DKA down
to 3%. Also, presumably because they are diagnosed at an
earlier stage of disease, there is more residual beta cell func-
tion (as measured by C-peptide), lower insulin requirements
and lower HbA1c at the time of diagnosis [10–15]. The paper
by Lundgren and colleagues [4] adds to the evidence. They
report from follow-up of the Diabetes Prediction in Skane
(DiPiS) study, where almost 40,000 children in southern
Sweden were screened for type 1 diabetes. Of these, 6000
were deemed to be at some degree of risk and offered
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Table 1 Benefits associated with screen-detected type 1 diabetes

Study Age group Less DKA Lower HbA1c Lower insulin dose Shorter period
in hospital

Others

BabyDiab and Munich Family study [27] Paediatric Y Y N Y

DiPiS [10, 11] Paediatric Y Y N ND

TEDDY [13] Paediatric Y Y Y ND Higher residual C-peptide

DAISY [12] Paediatric Y Y Y Y

DIPP [14, 15] Paediatric Y Y ND ND Less weight loss

DAISY, Diabetes Autoimmunity Study in the Young

DiPiS, Diabetes Prediction in Skane

DIPP, Finnish Type 1 diabetes Prediction and Prevention

ND, not determined

TEDDY, The Environmental Determinants of Diabetes in the Young

Table 2 Screening for type 1 di-
abetes set against WHO criteria
for screening [19]

Criterion Satisfied

The condition sought should be an important
health problem

Yes

Type 1 diabetes is an important health problem. Whilst
early screening does not currently allow us to institute
preventative therapy, it may prevent comorbidity
associated with late presentation

There should be an accepted treatment for
patients with recognised disease

Yes

People at risk will be provided with education until they
are formally diagnosed with diabetes, at which time they
will be initiated on insulin. Early education and initiation
of insulin are likely to be acceptable and effective

Facilities for diagnosis and treatment should
be available

Yes

Most healthcare facilities have access to phlebotomy and
oral glucose challenge facilities. Samples can be sent to
reference centres nationally for analysis

There should be a recognisable latent or early
symptomatic stage

Yes

Latent and early symptomatic phase can be detected through
autoantibody and glucose challenge

There should be a suitable test or examination Yes

Peripheral blood tests for antibodies and oral glucose
challenge

The test should be acceptable to the population Not known

The psychological consequences of awareness of high risk
of a chronic disease for which there is no cure is not known

The natural history of the condition, including
development from latent to declared
disease, should be adequately understood.

Not known

Natural history remains to be fully elucidated, different rates
of progression remain to be understood. Age, ethnicity and
environment appear to influence natural history and
these effects remain to be elucidated

There should be an agreed policy on whom to
treat as patients

Yes

People fulfilling standard WHO criteria for diabetes will be
treated as diabetic

The cost of case-finding should be
economically balanced in relation to
possible expenditure on medical care
as a whole

Not known

Case-finding should be a continuing process
and not a ‘once and for all’ project

Yes

A long-term programme can be implemented nationally
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follow-up. About two-thirds accepted this offer of follow-up.
Lundgren and colleagues report on the outcome of the 51
children who developed type 1 diabetes in the follow-up
group, compared with the 78 who developed type 1 diabetes
but had not accepted the offer of follow-up. Children who
chose follow-up had a lower frequency of DKA (2% vs
18%), and lower HbA1c (9 mmol/mol [0.8%] lower) at diag-
nosis. Importantly, HbA1c remained significantly better up to
5 years after diabetes diagnosis. A potential caveat is that a
greater proportion of the participants who opted for follow-up
had mothers of Swedish origin, and a greater engagement in
research may reflect a propensity for greater involvement in
diabetes care following diagnosis. That said, this is the first
time that such a prolonged HbA1c benefit has been reported,
and this HbA1c benefit has a clear clinical and economic ben-
efit. Furthermore, since HbA1c generally tends to rise in the
first years after diagnosis, and then stabilise and ‘track’ after
about 5 years [16], we could postulate that the lower HbA1c

levels in the follow-up group persist over the long term.
Do these benefits make a workable case for screening?

There are those who would put forward a scientific argument
to support this case [17, 18]. To provide some clarity, Table 2
presents the benefits of screening against the WHO guidelines
for screening, originally proposed almost 50 years ago [19].
Here, the benefits relate to early detection, and not to preven-
tion of the disease. There are a number of criteria that remain
to be satisfied.

First, we do not know the psychological consequences of
alerting a person to a condition for which there is no current
cure. Granted, this time may usefully be spent in educating
and preparing the person for managing type 1 diabetes.
However, concurrent work on the psychological impact of
informing patients of high risk of type 2 diabetes suggests that,
even with a condition that can be significantly delayed, there
can be a negative psychological impact. These include nega-
tive markers of mental health, reduced motivation and lack of
engagement with behaviour change [20].

Second, the natural history of type 1 diabetes is still not clear-
ly understood, and the influence of age, ethnicity and environ-
ment remain to be elucidated. The environment may influence
the rate of development, as evidenced by migration studies,
where populations migrating from areas of low incidence to high
appear to adopt the risk of the host population [21]. Whilst we
previously believed that rates of beta cell loss were faster at a
younger age, more recent work suggests that the ratemay remain
the same across the age spectrum [22], despite islet histology
changing with age of presentation [23]. Importantly, all major
screening studies to date have focused on children.

Lastly, the cost benefit needs to be established for a formal
screening programme. Since 2015 the Bavarian Fr1da study
has been screening children aged 3–4 years for type 1 diabetes
[24]. The aim is to screen 200,000 children, with each screen-
ing roughly costing 20 Euros per child. If DKA and

hospitalisation is prevented in 200 children, this cost saving
will in itself cover a third of the cost of the study. Furthermore,
patients presenting with DKA tend to have anHbA1c that is up
to 1.4% higher than those who do not over the long term [3]. If
the lower HbA1c reported by Lundgren et al persists to reduce
the incidence and economic impact of diabetic complications,
combined with the saving on DKA cost, we may be a signif-
icant way to covering the economic cost of screening. Further
work is required in this area.

Until some of the issues above are resolved (and there is
significant work ongoing) the way forward is in public and
healthcare education, and raising awareness. As a direct result
of the efforts of Peter Baldwin’s family, theWelsh government
recently (October 2018) discussed ten recommendations
around raising awareness of type 1 diabetes. These recom-
mendations include adopting the Diabetes UK 4Ts campaign
[25], and a recommendation that all cases diagnosed in DKA
are reviewed for shared learning [26]. These measures are
critical if we are going to make a meaningful change to the
devastation caused by death by DKA.

Acknowledgements I am grateful to P. Bingley, University of Bristol,
UK, for helpful comments on this manuscript.

Duality of interest The author declares that there is no duality of interest
associated with this manuscript.

Contribution statement The author was the sole contributor to this paper.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. BBC News. Peter Baldwin: type 1 diabetes test backed after boy’s
death, 13 July 2018. Available from https://www.bbc.co.uk/news/
uk-wales-44808388. Accessed 1 October 2018

2. RCPCH (2017) National Paediatric Diabetes Audit Report 2012–
15. Part 2: Hospital admissions and complications. Royal College
of Paediatrics and Child Health, London. Available at www.rcpch.
ac.uk/sites/default/files/2018-03/npda_hospital_admissions_
report_part_2_2012-15.pdf, accessed 26 October 2018

3. Duca LM,Wang B, Rewers M et al (2017) Diabetic ketoacidosis at
diagnosis of type 1 diabetes predicts poor long-term glycemic con-
trol. Diabetes Care 40(9):1249–1255. https://doi.org/10.2337/dc17-
0558

4. Lundgren M, Jonsdottir B, Elding Larsson H, DiPiS study group
(2018) Effect of screening for type 1 diabetes on early metabolic
control: the DiPiS study. Diabetologia. https://doi.org/10.1007/
s00125-018-4706-z

5. DiMeglio LA, Evans-Molina C, Oram RA (2018) Type 1 diabetes.
Lancet 391(10138):2449–2462. https://doi.org/10.1016/S0140-
6736(18)31320-5

26 Diabetologia (2019) 62:24–27

https://www.bbc.co.uk/news/uk-wales-44808388
https://www.bbc.co.uk/news/uk-wales-44808388
http://www.rcpch.ac.uk/sites/default/files/2018-03/npda_hospital_admissions_report_part_2_2012-15.pdf
http://www.rcpch.ac.uk/sites/default/files/2018-03/npda_hospital_admissions_report_part_2_2012-15.pdf
http://www.rcpch.ac.uk/sites/default/files/2018-03/npda_hospital_admissions_report_part_2_2012-15.pdf
https://doi.org/10.2337/dc17-0558
https://doi.org/10.2337/dc17-0558
https://doi.org/10.1007/s00125-018-4706-z
https://doi.org/10.1007/s00125-018-4706-z
https://doi.org/10.1016/S0140-6736(18)31320-5
https://doi.org/10.1016/S0140-6736(18)31320-5


6. Bingley PJ (2010) Clinical applications of diabetes antibody test-
ing. J Clin Endocrinol Metab 95(1):25–33. https://doi.org/10.1210/
jc.2009-1365

7. Mehers KL, Gillespie KM (2008) The genetic basis for type 1 diabetes.
Br Med Bull 88(1):115–129. https://doi.org/10.1093/bmb/ldn045

8. Jacobsen LM, Haller MJ, Schatz DA (2018) Understanding pre-
type 1 diabetes: the key to prevention. Front Endocrinol
(Lausanne) 9:70. https://doi.org/10.3389/fendo.2018.00070

9. Bingley PJ, Bonifacio E, Ziegler AG et al (2001) Proposed guide-
lines on screening for risk of type 1 diabetes. Diabetes Care 24(2):
398. https://doi.org/10.2337/diacare.24.2.398

10. LundgrenM, Sahlin Å, Svensson C et al (2014) Reduced morbidity
at diagnosis and improved glycemic control in children previously
enrolled in DiPiS follow-up. Pediatr Diabetes 15(7):494–501.
https://doi.org/10.1111/pedi.12151

11. Elding Larsson H, Vehik K, Bell R et al (2011) Reduced prevalence
of diabetic ketoacidosis at diagnosis of type 1 diabetes in young
children participating in longitudinal follow-up. Diabetes Care
34(11):2347–2352. https://doi.org/10.2337/dc11-1026

12. Barker JM, Goehrig SH, Barriga K et al (2004) Clinical character-
istics of children diagnosed with type 1 diabetes through intensive
screening and follow-up. Diabetes Care 27(6):1399–1404. https://
doi.org/10.2337/diacare.27.6.1399

13. Steck AK, Larsson HE, Liu X et al (2017) Residual beta-cell func-
tion in diabetes children followed and diagnosed in the TEDDY
study compared to community controls. Pediatr Diabetes 18(8):
794–802. https://doi.org/10.1111/pedi.12485

14. Kupila A, Muona P, Simell T et al (2001) Feasibility of genetic and
immuno-logical prediction of type I diabetes in a population-based
birth cohort. Diabetologia 44(3):290–297. https://doi.org/10.1007/
s001250051616

15. Hekkala AM, Ilonen J, Toppari J et al (2018) Ketoacidosis at diag-
nosis of type 1 diabetes: effect of prospective studies with newborn
genetic screening and follow up of risk children. Pediatr Diabetes
19(2):314–319. https://doi.org/10.1111/pedi.12541

16. Nirantharakumar K, Mohammed N, Toulis KA et al (2018)
Clinically meaningful and lasting HbA1c improvement rarely oc-
curs after 5 years of type 1 diabetes: an argument for early, targeted
and aggressive intervention following diagnosis. Diabetologia
61(5):1064–1070. https://doi.org/10.1007/s00125-018-4574-6

17. Bonifacio E, Mathieu C, Nepom GT et al (2017) Rebranding
asymptomatic type 1 diabetes: the case for autoimmune beta cell

disorder as a pathological and diagnostic entity. Diabetologia 60(1):
35–38. https://doi.org/10.1007/s00125-016-4144-8

18. Insel RA, Dunne JL, Atkinson MA et al (2015) Staging presymp-
tomatic type 1 diabetes: a scientific statement of JDRF, the
Endocrine Society, and the American Diabetes Association.
Diabetes Care 38(10):1964–1974. https://doi.org/10.2337/dc15-
1419

19. Wilson JMG, Jungner G (1968) Principles and practice of screening
for disease. WHO, Geneva, Available from: http://www.who.int/
bulletin/volumes/86/4/07-050112BP.pdf. Accessed 1 October 2018

20. Barry E, Greenhalgh T, Fahy N (2018) How are health-related
behaviours influenced by a diagnosis of pre-diabetes? A meta-
narrative review. BMC Med 16(1):121. https://doi.org/10.1186/
s12916-018-1107-6

21. Feltbower RG, Bodansky HJ, McKinney PA et al (2002) Trends in
the incidence of childhood diabetes in south Asians and other chil-
dren in Bradford, UK. Diabet Med 19(2):162–166. https://doi.org/
10.1046/j.1464-5491.2002.00691.x

22. Shields BM, McDonald TJ, Oram R et al (2018) C-peptide decline
in type 1 diabetes has two phases: an initial exponential fall and a
subsequent stable phase. Diabetes Care 41(7):1486–1492. https://
doi.org/10.2337/dc18-0465

23. Leete P, Willcox A, Krogvold L et al (2016) Differential insulitic
profiles determine the extent of β-cell destruction and the age at
onset of type 1 diabetes. Diabetes 65(5):1362–1369. https://doi.org/
10.2337/db15-1615

24. Insel RA, Dunne JL, Ziegler A-G (2015) General population
screening for type 1 diabetes: has its time come? Curr Opin
Endocrinol Diabetes Obes 22(4):270–276. https://doi.org/10.
1097/MED.0000000000000173

25. Diabetes UK. Do you know the 4 Ts of type 1 diabetes? Available
from www.diabetes.org.uk/get_involved/campaigning/4-ts-
campaign. Accessed 1 October 2018

26. National Assembly for Wales. P-04-682 Routine screening for type
1 diabetes in children and young people. Available from www.
senedd.assembly.wales/mgIssueHistoryHome.aspx?IId=14661.
Accessed 1 October 2018

27. Winkler C, Schober E, Ziegler A-G, Holl RW (2012) Markedly
reduced rate of diabetic ketoacidosis at onset of type 1 diabetes in
relatives screened for islet autoantibodies. Pediatr Diabetes 13(4):
308–313. https://doi.org/10.1111/j.1399-5448.2011.00829.x

Diabetologia (2019) 62:24–27 27

https://doi.org/10.1210/jc.2009-1365
https://doi.org/10.1210/jc.2009-1365
https://doi.org/10.1093/bmb/ldn045
https://doi.org/10.3389/fendo.2018.00070
https://doi.org/10.2337/diacare.24.2.398
https://doi.org/10.1111/pedi.12151
https://doi.org/10.2337/dc11-1026
https://doi.org/10.2337/diacare.27.6.1399
https://doi.org/10.2337/diacare.27.6.1399
https://doi.org/10.1111/pedi.12485
https://doi.org/10.1007/s001250051616
https://doi.org/10.1007/s001250051616
https://doi.org/10.1111/pedi.12541
https://doi.org/10.1007/s00125-018-4574-6
https://doi.org/10.1007/s00125-016-4144-8
https://doi.org/10.2337/dc15-1419
https://doi.org/10.2337/dc15-1419
http://www.who.int/bulletin/volumes/86/4/07-050112BP.pdf
http://www.who.int/bulletin/volumes/86/4/07-050112BP.pdf
https://doi.org/10.1186/s12916-018-1107-6
https://doi.org/10.1186/s12916-018-1107-6
https://doi.org/10.1046/j.1464-5491.2002.00691.x
https://doi.org/10.1046/j.1464-5491.2002.00691.x
https://doi.org/10.2337/dc18-0465
https://doi.org/10.2337/dc18-0465
https://doi.org/10.2337/db15-1615
https://doi.org/10.2337/db15-1615
https://doi.org/10.1097/MED.0000000000000173
https://doi.org/10.1097/MED.0000000000000173
http://www.diabetes.org.uk/get_involved/campaigning/4-ts-campaign
http://www.diabetes.org.uk/get_involved/campaigning/4-ts-campaign
http://www.senedd.assembly.wales/mgIssueHistoryHome.aspx?IId=14661
http://www.senedd.assembly.wales/mgIssueHistoryHome.aspx?IId=14661
https://doi.org/10.1111/j.1399-5448.2011.00829.x

	Screening for type 1 diabetes: are we nearly there yet?
	References


