Identifying persons with type 1 diabetes in Wales using routinely
collected linked data
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The Algorithm

Objectives
• To develop an algorithm for the identification of and
electronic cohort (e-cohort) of people with type 1 diabetes
from routine data in the Secure Anonymised Information
Linkage (SAIL) Databank [1, 2].
• To use register data to calculate the error rate in the
identification algorithm.
• To calculate the incidence and prevalence of type 1
diabetes over the study period.

Was the person given a diabetes diagnosis code?
The code description must mention ‘diabetes’ No
or ‘diabetic.’ Irrelevant codes were excluded
(for example diabetes insipidus).
Yes
Did the person have more diagnoses
of type 1 diabetes than type 2 diabetes?
Type 1 diabetes code descriptions mention
‘type 1,’ ‘juvenile type’ or ‘insulin dependent.’

Introduction
Diabetes mellitus is a chronic metabolic condition characterised
by hyperglycaemia. Type 1 diabetes is an autoimmune destruction of pancreatic β-cells resulting in an absolute deficiency of
insulin secretion. Type 2 diabetes is caused by a combination of
insulin resistance and an inadequate insulin secretory response,
while other types of diabetes are either secondary diseases of the
exocrine pancreas, genetic defects in β-cell function and insulin
action or gestational diabetes appearing during pregnancy. Determining the type of diabetes a person has from routine data
can be difficult and prone to errors because codes indicating the
type of diabetes are often used erroneously. Similar work has
been done for other databanks [3].

Yes

Was the person prescribed insulin
Yes
within 12 months of diagnosis?
Insulin must have been prescribed
before any other diabetes medication.

Yes

Table 1: Reason for hospital episode.

Diagnosis
Proportion of episodes
Type 1 diabetes with ketoacidosis
23.8%
Type 1 diabetes without complication
7.2%
Hypertensive renal disease
1.6%
Nausea and vomiting
1.6%
Abdominal pain
1.3%

No

Did the person
Yes
have a hospital
admission for diabetic
ketoacidosis?
No
Did the person have at least five
prescriptions of medical devices
commonly used to monitor
type 1 diabetes? For example,
blood glucose test strips, blood glucose
monitors or urine ketone test strips.
No

Yes

The person has
The person does not
0
type 1 diabetes.
have type 1 diabetes.

Results
6,375 people were identified with type 1 diabetes from 2001 to
2016. Using a subset of the e-cohort that matched the inclusion
criteria of the Brecon cohort for validation, there were 77 false
positive cases (4.8%) and 72 false negative cases (4.5%) of the
1602 individuals in the validation set. For comparison, a basic
method where diabetes diagnosis was ascribed based on a majority of diagnosis codes gave false positive and negative rates
of 9.7% and 13.8% respectively. Following diabetologist review,
55 false positive cases were found to have type 1 diabetes and
10 false negative cases were found not to have type 1 diabetes
leading to false positive and negative rates of 1.4% and 3.9%
respectively.
In 2016 0.289% (95% CI 0.283, 0.295) of persons were living with
type 1 diabetes while there were 7.9 new cases (95% CI 6.9, 8.9)
per 100,000 people in the same year. 56.0% of persons with type
1 diabetes were male and the median age at diagnosis was 18.1
years. 92.5% of people with type 1 diabetes were admitted to
hospital as an inpatient over the study period. The most common
diagnoses for hospital episodes are shown in table 1 below. 22.6%
of persons had a hospital episode of diabetic ketoacidosis within
two weeks of diagnosis.

0

Was the person prescribed insulin
within 6 months of diagnosis?
Insulin must have been prescribed
before any other diabetes medication.

No

Methods
The SAIL Databank is a repository of routine data from healthcare services in Wales. Personal information is replaced with an
encrypted anonymous linking field which allows for individuals
to be followed through the services they receive, but maintains
anonymity. Data used in this project included primary care,
hospital episode and hospital outpatient secondary care data.
Validation was performed using the Brecon cohort, a register of
people diagnosed with diabetes in Wales under the age of 15, and
false positive and negative cases reviewed by a diabetologist.

No

Discussion
This study describes a method for the identification of people
with type 1 diabetes from multiple sources of routinely collected
health care data in Wales.
Of the false positives and negatives examined by a diabetologist,
it was found that a large fraction (62.3%) of the false positives
appeared to have type 1 diabetes from their medical history.
These cases represent persons missing from the Brecon cohort
data, either due to not being present in the underlying Brecon
cohort or due to linkage errors during anonymisation. 13.9% of
false negative cases were found not to have type 1 diabetes. The
largest group of false negatives (66.7%) were caused by incomplete general practice records; the reason for this missing data is
not well understood, but it is likely to be due to persons moving
between primary care practices that do and do not contribute
data to SAIL. 18.1% of false negatives were due to a diagnosis
date erroneously recorded at a date earlier than the true diagnosis
date.
Several people with cystic fibrosis (CF) related diabetes were
identified by the algorithm, and had to be removed by hand.
CF related diabetes is often recorded as type 1 diabetes since
the symptoms and management of both conditions are similar.
Other rare types of diabetes like latent autoimmune diabetes of
adults may also be recorded as type 1 diabetes, but are currently
not possible to remove by hand as they are rarely diagnosed
explicitly.

Conclusion
The method proposed in this work better allows identification
of individuals with type 1 diabetes within the SAIL Databank. This will provide researchers with a more accurate
means to explore diabetes and its complications in an attempt to identify potential improvements in care.
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