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Abstract
Background: Almost 20 years ago, the frequencies of severe hypoglycemia requiring emergency medical
treatment were reported in people with types 1 and 2 diabetes in the Tayside region of Scotland. With
subsequent improvements in the treatment of diabetes, concurrent with changes in the provision of emergency
medical care, a decline in the frequency of severe hypoglycemia could be anticipated. The present populationbased data-linkage cohort study aimed to ascertain whether a temporal change has occurred in the incidence
rates of hypoglycemia requiring emergency medical services in people with types 1 and 2 diabetes.
Methods: The study population comprised all people with diabetes in Tayside, Scotland over the period 1
January 2011 to 31 December 2012. Patients’ data from different healthcare sources were linked anonymously to
measure the incidence rates of hypoglycemia requiring emergency medical services that include treatment by
ambulance staff and in hospital emergency departments, and necessitated hospital admission. These were
compared with data recorded in 1997–1998 in the same region.
Results: In January 2011 to December 2012, 2029 people in Tayside had type 1 diabetes and 21,734 had type 2
diabetes, compared to 977 and 7678, respectively, in June 1997 to May 1998. In people with type 2 diabetes, the
proportion treated with sulfonylureas had declined from 36.8 to 22.4% (p < 0.001), while insulin-treatment had
increased from 11.7 to 18.7% (p < 0.001). The incidence rate of hypoglycemia requiring emergency medical
treatment had significantly fallen from 0.115 (95% CI: 0.094–0.136) to 0.082 (0.073–0.092) events per person per
year in type 1 diabetes (p < 0.001), and from 0.118 (0.095–0.141) to 0.037 (0.003–0.041) in insulin-treated type 2
diabetes (p = 0.008). However, the absolute annual number of hypoglycemia events requiring emergency
treatment was 1.4-fold higher.
Conclusions: Although from 1998 to 2012 the incidences of hypoglycemia requiring emergency medical services
appeared to have declined by a third in type 1 diabetes and by two thirds in insulin-treated type 2 diabetes,
because the prevalence of diabetes was higher (2.7 fold), the number of severe hypoglycemia events requiring
emergency medical treatment was greater.
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Background
Hypoglycemia remains a common side-effect of the
treatment of diabetes with insulin despite the introduction of novel insulins, formulations and methods of delivery, coupled with advances in glycemic monitoring.
The epidemiology of severe hypoglycemia (defined as
any event requiring help for recovery) has been well documented in western countries [1], but is much more
common in many parts of the world than had been
recognised previously [2], as is non-severe (self-treated)
hypoglycemia, particularly during sleep [1]. In unselected
populations with type 1 diabetes in northern Europe the
incidence of severe hypoglycemia has been reported to
vary from 1.1 to 3.2 events per person per year [1, 3–8].
Population-based studies of emergency medical services
utilisation [9] have reported the incidence of hypoglycemia
requiring emergency treatment in people with type 1 diabetes to be between 0.08 and 0.49 events per person per
year. Severe hypoglycemia events in people with diabetes
account for 0.5% to 1.02% of all emergency ambulance call
outs in the UK per annum [10–13] where the frequency
of severe hypoglycemia and its treatment by emergency
medical services has been surveyed by opportunistic
examination of ambulance records [10, 11]. However, the
accuracy and validity of many such surveys were limited
by inadequate study design and retrospective review of
incomplete data.
Almost 20 years ago, the frequencies of severe
hypoglycemia events that required the assistance of
emergency medical services from primary care, ambulance, hospital emergency and inpatient medical services
were recorded prospectively in detail over a 12-month
period (June 1997 to May 1998 inclusive) in people with
types 1 and 2 diabetes in the region of Tayside in
Scotland [12]. The incidences of severe hypoglycemia
events requiring emergency medical treatment were
0.115 events per person per year in type 1 diabetes,
0.118 in insulin-treated type 2 diabetes and 0.009 in
people with type 2 diabetes taking sulfonylureas, with respective prevalence of 7.1%, 7.3%, and 0.8%. Many more
self-reported hypoglycemia events are treated by family
members, friends or colleagues who do not request help
from the emergency medical services [3, 12] and an
incidence of 1.15 events per person per year in type 1
diabetes and 0.35 events per person per year in insulintreated type 2 diabetes [12], were reported in the same
region. Around 63% to 73% people who experienced severe hypoglycemia events remain at home following
treatment by ambulance paramedics [10, 11, 13], which
influences the frequency of treatment in hospital emergency departments (EDs) and hospital admission. With
subsequent improvements in the treatment of diabetes,
combined with changes in methods of providing emergency medical care, it could be anticipated that the
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frequency of severe hypoglycemia events requiring emergency treatment would have declined despite more intensive management of diabetes being applied to attain
stricter glycemic control.
The present study aimed to re-measure the incidence
rates of severe hypoglycemia in types 1 and 2 diabetes
that had required emergency medical services in the
same region of Tayside over the period 1 January 2011
to 31 December 2012, and by comparison with the incidence rates documented in 1997–1998, to ascertain
whether these had changed significantly over time.

Methods
Data sources and linkage

Data were derived from several sources. The Scottish
Care Information-Diabetes (SCI-Diabetes) provides an
integrated shared electronic patient record to support
the management of people with diabetes within the
National Health Service (NHS) in Scotland. It includes
information on type of diabetes, date of diagnosis and
treatment modality. The Scottish Ambulance Service
electronic patient records comprise the date of the
event, the symptoms, diagnosis of hypoglycemia and
treatment administered by ambulance clinicians to individual patients, which can identify emergency call-outs
related to hypoglycemia. Data on admissions to EDs with
hypoglycemia were obtained from Information Services
Division Scotland. The Scottish Morbidity Register
(SMR01) dataset collects episode level data on hospital
inpatient and day case admissions from hospitals in
Scotland. It provides information on dates of admission
and discharge, and medical conditions, which can be
used to identify hospital admission associated with
hypoglycemia. Prescribing data were linked with diabetes
drugs with British National Formulary (BNF) codes, to
provide detailed information on the drugs dispensed. Data
on social deprivation were available for the 2011–12 cohort using the Scottish index of multiple deprivation
(SIMD) which is derived from the postcode via the community health index register [14]. The SIMD categories
patients into five divisions of deprivation.
Data were collected and collated by the Health Informatics Centre in University of Dundee that conforms to
ISO27001. Data was linked using the Community Health
Index number that is used universally in the NHS with
over 99% of accuracy for people with diabetes in Scotland.
Study design and statistical analyses

The period of study was from 1 January 2011 to 31
December 2012, inclusive, and similar methodology was
used to that employed in the previous study [12], enabling direct comparisons of incidence rates of severe
hypoglycemia to be made with 1997–1998. The study
population comprised all people with diabetes in
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Tayside, Scotland. All events of hypoglycemia that
required emergency medical services (ambulance, ED
attendance, and hospital admission) during the study
period were identified. The incidence of hypoglycemia
was analysed separately by type of diabetes. Type 1 diabetes was defined by requiring insulin within 6 months
of diagnosis and not taking any oral glucose-lowering
medication other than metformin. All other participants
were considered to have type 2 diabetes and were further
classified by the type of medications being prescribed in
order of their propensity to induce hypoglycemia:

Page 3 of 8

The incidence rates were expressed as events per
person per year. The 95% confidence intervals were calculated based on the maximum likelihood method for
Poisson-distributed observations. The incidence rate ratios (IRRs) along with their 95% confidence intervals and
p values were calculated to assess the significance of differences between the two populations in the same region
but at a different time period. All the analyses were conducted in R version 3.2.5.

separating the two surveys. In June 1997 to May 1998,
of the 367,051 residents of Tayside, 8655 people had diabetes (crude overall prevalence = 2.4%), with 977 of
8655 (11.3%) having type 1 diabetes and 7678 (88.7%)
having type 2 diabetes (Table 1). The present study examined data from 23,763 people with diabetes (mid-year
population estimate in Tayside in 2012 = 411,749, crude
overall prevalence of diabetes during the 2 years from 1
January 2011 to 31 December 2012 = 5.8%), which included 2029 with type 1 diabetes (8.5%) and 21,734 with
type 2 diabetes (91.5%).
Between June 1997 and May 1998, 69 of 977 people
with type 1 diabetes had experienced 112 hypoglycemia
events requiring emergency medical services, while 91 of
7678 people with type 2 diabetes had been treated for
132 events. From 1 January 2011 to 31 December 2012,
a total of 702 events of hypoglycemia requiring emergency medical services were recorded in 467 people with
diabetes (Table 1). Some individuals had experienced recurrent episodes of hypoglycemia; 187 people with type
1 diabetes had experienced 319 events and 280 people
with type 2 diabetes had experienced 383 events.
From June 1997 to May 1998, among the 7678 people
with type 2 diabetes, 901 (11.7%) were being treated with
insulin (Table 2), 2823 (36.8%) were being treated with
sulfonylureas (group b), and 3954 (51.5%) were being
treated with non-insulin secretagogues alone (group a).
From 1 January 2011 to 31 December 2012, a significantly higher proportion of people with type 2 diabetes
were receiving treatment with non-secretagogues
(58.9%) or insulin (18.7%), but fewer were being treated
with secretagogues (22.4%).

Results

Incidence of severe hypoglycemia

Study cohort

The overall annual incidence rates of severe hypoglycemia
events requiring treatment by the emergency medical services during the 2 years of the survey are shown for the

a) Agents that do not usually cause hypoglycemia, (i.e.
metformin, pioglitazone, dipeptidyl peptidase-4
(DPP-4) inhibitors, sodium-glucose co-transporter-2
(SGLT-2) inhibitors, glucagon-like peptide-1 (GLP1) agonists).
b) Oral medications that may cause hypoglycemia, i.e.
sulfonylureas or glinides. This could be in
combination with medication in category a).
c) Treatment with insulin. This could be in combination
with a medication in either category a) or b).

A substantial increase in the prevalence of diabetes had
occurred in Tayside, Scotland during the 14 years

Table 1 People with diabetes and number of hypoglycemia events requiring emergency medical services in Tayside, Scotland
Type 1 diabetes

Type 2 diabetes

Total

977 (11.3%)

7678 (88.7%)

8655 (100%)

June 1997 – May 1998
People with diabetes
Mean age at study

33

66

–

Mean duration of diabetes (years)

17

8

–

People with severe hypoglycemia

69

91

160

Severe hypoglycemia events

112

132

244

2029 (8.5%)

21,734 (91.5%)

23,763 (100%)

1 January 2011–31 December 2012
People with diabetes
Mean age at study

40

68

–

Mean duration of diabetes (years)

18

7

–

People with severe hypoglycemia

187

280

467

Severe hypoglycemia events

319

383

702
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Table 2 Number of people (%) with type 2 diabetes and different types of treatment, including a) non-secretagogues e.g.
metformin, pioglitazone, DPP-4 inhibitor, SGLT-2 inhibitor, GLP-1 agonist; b) secretagogues e.g. sulfonylureas and glinides; and insulin
treated type 2 diabetes
Group of people
with type 2 diabetes

Number of people (%)
June 1997 – May 1998
(n = 7678)

1 Jan 2011–31 Dec 2012
(n = 21,734)

Proportion difference
(95% CI)

P value

a)

3954 (51.5%)

12,812 (58.9%)

0.075 (0.062–0.087)

< 0.001

b)

2823 (36.8%)

4859 (22.4%)

−0.144 (−0.156 – −0.132)

< 0.001

Insulin

901 (11.7%)

4063 (18.7%)

0.070 (0.061–0.078)

< 0.001

different treatment groups in Table 3. This was highest in
people with type 1 diabetes (0.082 events per person per
year, 95% CI: 0.073–0.092) and lowest in those with type 2
diabetes who were taking oral glucose-lowering medications that were not insulin secretagogues (group a).
Among people with type 2 diabetes, the insulin-treated
patients had a much higher incidence than those receiving
other types of treatment. By comparison with the period
of June 1997 to May 1998, significantly lower incidence
were observed in people with type 1 diabetes (IRR = 0.720,
95% CI: 0.580–0.892, p < 0.001) and people with type 2
diabetes receiving insulin (IRR = 0.314, 95% CI: 0.249–
0.395, p = 0.008). The IRRs for the groups receiving secretagogues (group a) and non-secretagogues (group b) were
not calculated because the number of hypoglycemia
events in these two groups were not currently available for
the data from June 1997 to May 1998.
No information was available on ethnicity but the
prevalence of ethnic minorities is low at ≤3% in
Tayside, Scotland, and has not changed in the time
between these two surveys in what is a very stable
population. Data on social deprivation were not available from 1997 to 1998, but data from 2011 to 2012
showed an increasing trend in the incidence rate of severe hypoglycemia in association with social deprivation
in type 1 diabetes (Table 4), but a similar trend was not

observed for different social deprivation categories in
insulin-treated type 2 diabetes.
Emergency medical services utilized

The number of hypoglycemia events requiring different
emergency medical services from 1 January 2011 to 31
December 2012 are shown in Fig. 1. Of the 702 events,
512 required emergency attendance by the ambulance
service, 150 were treated in the hospital emergency department, and 175 events resulted in direct or indirect
hospital admission. Any combination of these three emergency medical services was utilized in 116 hypoglycemia
events. The proportion requiring inpatient hospital treatment had slightly increased from 21% (52 of 244 events)
in 1997–1998 to 25% (175 of 702 events) in the period
from 1 January 2011 to 31 December 2012, whereas usage
of the ambulance service and of treatment in an emergency department was less frequent, decreasing from 91%
(223 of 244) and 63% (153 of 244), respectively, to 73%
(512 of 702) and 21% (150 of 702). Overall, 124 of 383
(32%) events in type 2 diabetes and 51 of 319 (16%) events
in type 1 diabetes resulted in hospital admission. In
general, a 1.4-fold increase in the total number of severe
hypoglycemia events (244 events in 1997–1998 to an
average of 351 events per year in 2011 and 2012) was
recorded, compared to a 2.7-fold increase in the total

Table 3 Incidence rates of hypoglycemia requiring emergency medical services. (Rates for patients with type 1 diabetes, type 2
diabetes treated with a) non-secretagogues, b) secretagogues, or insulin)
Group

June 1997–May 1998

1 January 2011–31 December 2012

Incidence ratea
(95% CI)

Events
(person-years)

Incidence ratea
(95% CI)

IRRb
(95% CI)

P value

Type 1

0.115
(0.094–0.136)

319
(3867.35)

0.082
(0.073–0.092)

0.720
(0.580–0.892)

< 0.001

Type 2 a)

0.001
(0.000–0.002)

50
(22,100.36)

0.002
(0.002–0.003)

–

–

b)

0.009
(0.006–0.013)

51
(9318.80)

0.005
(0.004–0.007)

–

–

Insulin

0.118
(0.095–0.141)

282
(7601.69)

0.037
(0.033–0.041)

0.314
(0.249–0.395)

0.008

All type 2

0.017
(0.014–0.020)

383
(39,020.86)

0.010
(0.009–0.011)

0.571
(0.468–0.696)

< 0.001

a

Incidence rate is expressed as events per person per year. bIRR incidence rate ratio
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Table 4 Incidence rates of hypoglycemia requiring emergency
medical services in people with type 1 and insulin-treated type
2 diabetes across different categories of Scottish index of
multiple deprivation
Social deprivation

Incidence rates of severe hypoglycemia (95% CI)
Type 1 diabetes

Insulin-treated type 2 diabetes

1 (most deprived)

0.120 (0.093–0.147)

0.044 (0.033–0.054)

2

0.103 (0.078–0.128)

0.048 (0.036–0.059)

3

0.089 (0.069–0.108)

0.024 (0.016–0.031)

4

0.066 (0.051–0.081)

0.037 (0.029–0.045)

5 (least deprived)

0.041 (0.025–0.058)

0.032 (0.021–0.044)

diabetes population during the same period from 8655 to
23,763.

Discussion
While severe hypoglycemia remains a major clinical problem, particularly for people treated with insulin, this may
be declining in some patient groups. The present
population-based, data-linkage study within a single region of Scotland has demonstrated that a lower incidence
rate of severe hypoglycemia had required treatment by
emergency medical services compared to the frequency
observed 14 years earlier. While the incidence rate of severe hypoglycemia in people with type 1 diabetes had declined by about 30% (IRR = 0.720, 95% CI: 0.580–0.892,
p < 0.001), a more prominent fall was observed in people
with insulin-treated type 2 diabetes, which was almost
70% lower (IRR = 0.314, 95% CI: 0.249–0.395, p = 0.008).
However, although the incidence of severe hypoglycemia
had declined, the absolute number of events had increased
by 1.4 fold, in association with a 2.7-fold rise in the size of
the diabetes population in Tayside. A similar finding of a
lower incidence of severe hypoglycemia but a higher absolute number requiring treatment in hospital was observed
over a 10-year period in a study in England [15], while a
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higher absolute number of severe hypoglycemia events
was also reported in a German study [16]. This indicates
that the overall demand on the emergency medical
services to treat severe hypoglycemia is rising, despite a
decline in the incidence rate of severe hypoglycemia requiring emergency medical treatment.
The prevalence of diabetes in Tayside, Scotland in
1997–1998 was identified from an accurately recorded
population-based data-linkage study [17]. While the
greater number of people with diabetes in 2011 and
2012 compared to 1997–1998 probably reflects a genuine increase in prevalence of the disorder, it may partly
result from better case ascertainment, with fewer people
having undiagnosed diabetes and the observed prevalence is consistent with national prevalence statistics.
The mean duration of type 2 diabetes has also declined
from 1998 to 2011 and 2012, from 8 to 7 years, consistent with earlier diagnosis.
The lower incidence rate of severe hypoglycemia in
type 1 diabetes that has now been observed may be a
consequence of more intensive diabetes education in
Tayside since 1998 [18] along with the greater use of
glucose monitoring and insulin pumps, and the introduction of newer insulin analogues, which are associated
with a lower rate of hypoglycemia [19], particularly at
night. Although an overall reduction in the incidence
rate of severe hypoglycemia may have been offset by
greater efforts to improve glycemic control, the mean
HbA1c in people with hypoglycemia in 2011–2012 were
higher than in 1997–1998 for both type 1 and type 2
diabetes (Table 5). Poorer average glycemic control
could be one explanation as to why the incidence rate of
severe hypoglycemia events had declined, although in recent years no deterioration in glycemic control has been
evidence in all patients with type 1 diabetes in Scotland
[20]. The more likely explanation is that it may be easier
to achieve good glycemic control without suffering

Fig. 1 Number of hypoglycemia events requiring emergency medical services
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Table 5 Mean HbA1c levels with 95% confidence intervals in groups of people with types 1 or 2 diabetes who have had (or have
not had) hypoglycemia events requiring emergency medical services. b) Secretagogues e.g. sulfonylureas and glinides

Type 1

Type 2 b)

Insulin

All diabetes

Severe
hypoglycemia

June 1997–May 1998

January 2011–December 2012

Number of people

Mean HbA1c (95% CI)

Number of people

Mean HbA1c (95% CI)

No

908

7.93 (7.76–8.10)

1671

9.19 (5.45–12.93)

Yes

69

7.77 (7.29–8.25)

182

9.00 (5.76–12.23)

No

2800

7.16 (7.08–7.23)

4772

7.93 (4.81–11.05)

Yes

23

8.00 (7.10–8.91)

47

7.60 (4.72–10.48)

No

835

8.23 (8.09–8.37)

3390

8.86 (5.16–12.56)

Yes

66

7.87 (7.47–8.28)

183

8.49 (4.97–12.02)

No

8495

7.19 (7.14–7.24)

20,953

7.67 (4.21–11.13)

Yes

160

7.85 (7.57–8.14)

454

8.47 (4.98–11.95)

hypoglycemia, and thus hypoglycemia is relatively more
common in patients with erratic control and higher
mean HbA1c. The assumption that an inverse linear
relationship exists between the frequency of severe
hypoglycemia and HbA1c concentration is not supported by cross-sectional studies of both type 1 [21] or
type 2 diabetes [22], in which many people who experience recurrent severe hypoglycemia have elevated
HbA1c concentrations. This is consistent with severe
hypoglycemia being relatively common in people whose
glycemic control is poor.
In addition, the mean HbA1c values for 1997–98 and
2011–12 are not directly comparable as the ascertainment of HbA1c measurements were approximately 80%
and 91% respectively, and patients not engaging with
medical services are more likely to have poor glycemic
control and are less likely to have HbA1c measured
regularly. The explanation for the increasing age of patients with type 1 diabetes having hypoglycemia may be
similar, with a greater proportion of younger patients receiving more modern insulins and or using continuous
subcutaneous insulin infusion with an insulin pump.
In the 14 years between the two studies the proportion
of people with type 2 diabetes treated with insulin had
risen significantly from 11.7 to 18.7% (Table 2), and the
absolute number of severe hypoglycemia events had increased from 132 to an average of 191 events per year.
Despite the increase in the absolute number of events,
the incidence rate of severe hypoglycemia in people with
insulin-treated type 2 diabetes requiring emergency
medical treatment was significantly lower and may have
been promoted by changes in clinical management.
These include more comprehensive patient education,
the earlier use of insulin while significant β-cell function
is still preserved, which is associated with a lower risk of
hypoglycemia [23], and the earlier use of basal insulin in
combination with oral agents, including DPP-4 inhibitors and GLP-1 agonists, which have a low risk of inducing hypoglycemia. The duration of insulin therapy is

closely related to hypoglycemia risk in type 2 diabetes,
which rises progressively as pancreatic β-cell function
fails [3, 4, 24].
The incidence rate of severe hypoglycemia also declined in people with type 2 diabetes treated with sulfonylureas. This was associated with a decline in the use of
sulfonylureas from 36.8 to 22.4%, and may reflect avoidance of their use in people at high risk of hypoglycemia.
People with type 2 diabetes who experienced severe
hypoglycemia were twice as likely to require hospital admission than those with type 1 diabetes (32% vs 16%),
which has been reported by another British study [25].
People with type 2 diabetes are more likely to be older
and more frail, both being risk factors that are associated
with severe hypoglycemia [26, 27].
During the period of the present study, the ambulance
service treated more episodes of severe hypoglycemia
without the need to transfer patients to hospital. The increase in non-conveyance may have resulted from the
introduction in non-conveyance clinical guidelines for
post-hypoglycemia patients in 2005 [28].
The present study has some limitations. If an ambulance had been called after a self-treated episode of
hypoglycemia had resolved, such an incident may not
have been recorded as a severe hypoglycemia event.
Hypoglycemia treated by General Practitioners (GP)
would not have been recorded. Some cases may have
been missed if the patients who had experienced severe
hypoglycemia had presented with another principal
complaint such as chest pain or the consequences of
trauma, and blood glucose had not been measured.
The present study indicates that around 9% (187 of
2029) of people with type 1 diabetes experienced severe
hypoglycemia that required emergency medical services,
which compares to 13% in a recent large prospective study
[29] that relied on self-reported data. When using selfreported data the incidence rate of severe hypoglycemia in
type 2 diabetes has varied between 0.1 and 0.7 events per
person per year [1, 3, 6, 10, 24, 30]. This compares to
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incidence rates of emergency medical treatment in the
present study of 0.01 events per person per year for all
people with type 2 diabetes and 0.037 events per person
per year for those with insulin-treated type 2 diabetes
(Table 3). In other studies, the reported rates were much
lower at 0.017 events [31] and 0.003 events [32] per person per year, respectively.

Conclusions
The present large population-based study over a 2-year
period has used data from different sources, and describes
routine experience of the involvement of emergency medical services in the treatment of severe hypoglycemia. It
suggests that the incidence rates of severe hypoglycemia
requiring emergency medical services are declining both
in types 1 and 2 diabetes, although the absolute number
of events requiring emergency treatment is rising. While
the burden on the emergency medical services is greater,
with less duplication of service utilization and a significant
reduction of the number of people attending hospital for
treatment, provision may be more efficient than in previous years.
Abbreviations
DPP-4: Dipeptidyl peptidase-4; GLP-1: Glucagon-like peptide-1; NHS: National
Health Service; SCI-Diabetes: Scottish Care Information-Diabetes; SGLT2: Sodium-glucose co-transporter-2; SMR: Scottish Morbidity Register
Acknowledgments
We acknowledge Richard Combe, a senior data analyst in Scottish
Ambulance Service, who extracted the date of ambulance service for this
study. We also thank the editor and reviewers for their constructive
comments for this manuscript.
Funding
Funding was received from Novo Nordisk for the support of a research
fellow (HW) and data-linkage costs, and support of the Health Informatics
Centre (HIC) in University of Dundee for managing and supplying the
anonymised data.
Availability of data and materials
Anonymised data were derived from several sources by the Health
Informatics Centre (HIC) in University of Dundee that conforms to ISO27001.
Extracted datasets were linked using the Community Health Index (CHI)
number that is used universally in the National Health Service (NHS).
Authors’ contributions
HW researched the data and wrote the manuscript. CJL contributed to the
discussion. ED and DF provided advice on ambulance clinical data. PTD, ED,
and DF reviewed and revised the manuscript. GPL and BMF participated in
conceptual design, contributed to the discussion, and revised the
manuscript. All authors read and approved the final manuscript.
Ethics approval and consent to participate
This is a retrospective study which uses anonymised linked datasets. No
participants were directly involved.
Consent for publication
All authors give consent for publication. This study has not been published
in any journal.
Competing interests
The authors declare that they have no competing interests.

Page 7 of 8

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Dundee Epidemiology and Biostatistics Unit, Population Health Sciences,
University of Dundee, The Mackenzie Building, Kirsty Semple Way, Dundee
DD2 4BF, UK. 2University of Edinburgh, Faculty of Medicine, Edinburgh, UK.
3
NMAHP Research Unit, University of Stirling, Stirling, UK. 4Scottish
Ambulance Service, National Headquarters, Edinburgh, UK. 5BHF Centre for
Cardiovascular Science, The Queen’s Medical Research Institute, University of
Edinburgh, Edinburgh, UK. 6School of Medicine, Ninewells Hospital and
Medical School, Dundee, UK.
Received: 16 May 2017 Accepted: 4 August 2017

References
1. Frier BM. Hypoglycaemia in diabetes mellitus: epidemiology and clinical
implications. Nat Rev Endocrinol. 2014;10(12):711–22.
2. Khunti K, Alsifri S, Aronson R, Cigrovski Berkovic M, Enters-Weijnen C, Forsen
T, et al. Rates and predictors of hypoglycaemia in 27 585 people from 24
countries with insulin-treated type 1 and type 2 diabetes: the global HAT
study. Diabetes Obes Metab. 2016;18(9):907–15.
3. Donnelly LA, Morris AD, Frier BM, Ellis JD, Donnan PT, Durrant R, et al.
Frequency and predictors of hypoglycaemia in Type 1 and insulin-treated
Type 2 diabetes: a population-based study. Diabet Med. 2005;22(6):749–55.
4. Group UH. Risk of hypoglycaemia in types 1 and 2 diabetes: effects of
treatment modalities and their duration. Diabetologia. 2007;50(6):1140–7.
5. Pramming S, Thorsteinsson B, Bendtson I, Binder C. Symptomatic
hypoglycaemia in 411 type 1 diabetic patients. Diabet Med. 1991;8(3):217–22.
6. MacLeod KM, Hepburn DA, Frier BM. Frequency and morbidity of severe
hypoglycaemia in insulin-treated diabetic patients. Diabet Med. 1993;10(3):
238–45.
7. Pedersen-Bjergaard U, Pramming S, Heller SR, Wallace TM, Rasmussen AK,
Jorgensen HV, et al. Severe hypoglycaemia in 1076 adult patients with type
1 diabetes: influence of risk markers and selection. Diabetes Metab Res Rev.
2004;20(6):479–86.
8. Kristensen PL, Hansen LS, Jespersen MJ, Pedersen-Bjergaard U, Beck-Nielsen
H, Christiansen JS, et al. Insulin analogues and severe hypoglycaemia in
type 1 diabetes. Diabetes Res Clin Pract. 2012;96(1):17–23.
9. Giorda CB, Ozzello A, Gentile S, Aglialoro A, Chiambretti A, Baccetti F, et al.
Incidence and risk factors for severe and symptomatic hypoglycemia in
type 1 diabetes. Results of the HYPOS-1 study. Acta Diabetol. 2015;
10. Farmer AJ, Brockbank KJ, Keech ML, England EJ, Deakin CD. Incidence and
costs of severe hypoglycaemia requiring attendance by the emergency
medical services in South Central England. Diabet Med. 2012;29(11):1447–50.
11. Khunti K, Fisher H, Paul S, Iqbal M, Davies MJ, Siriwardena AN. Severe
hypoglycaemia requiring emergency medical assistance by ambulance
services in the East Midlands: a retrospective study. Prim Care Diabetes.
2013;7(2):159–65.
12. Leese GP, Wang J, Broomhall J, Kelly P, Marsden A, Morrison W, et al.
Frequency of severe hypoglycemia requiring emergency treatment in type
1 and type 2 diabetes: a population-based study of health service resource
use. Diabetes Care. 2003;26(4):1176–80.
13. Brackenridge A, Wallbank H, Lawrenson RA, Russell-Jones D. Emergency
management of diabetes and hypoglycaemia. Emerg Med J. 2006;23(3):183–5.
14. Scottish Index of Multiple Deprivation 2004: Summary Technical Report.
Scottish Executive; 2004.
15. Zaccardi F, Davies MJ, Dhalwani NN, Webb DR, Housley G, Shaw D, et al.
Trends in hospital admissions for hypoglycaemia in England: a retrospective,
observational study. Lancet Diabetes Endocrinol. 2016;4(8):677–85.
16. Holstein A, Patzer OM, Machalke K, Holstein JD, Stumvoll M, Kovacs P.
Substantial increase in incidence of severe hypoglycemia between 19972000 and 2007-2010: a German longitudinal population-based study.
Diabetes Care. 2012;35(5):972–5.
17. Morris AD, Boyle DI, MacAlpine R, Emslie-Smith A, Jung RT, Newton RW, et
al. The diabetes audit and research in Tayside Scotland (DARTS) study:
electronic record linkage to create a diabetes register. DARTS/MEMO
Collaboration. Br Med J. 1997;315(7107):524–8.

Wang et al. Clinical Diabetes and Endocrinology (2017) 3:7

Page 8 of 8

18. Jordan LV, Robertson M, Grant L, Peters RE, Cameron JT, Chisholm S, et al.
The Tayside insulin management course: an effective education programme
in type 1 diabetes. Int J Clin Pract. 2013;67(5):462–8.
19. Pedersen-Bjergaard U, Kristensen PL, Beck-Nielsen H, Norgaard K, Perrild H,
Christiansen JS, et al. Effect of insulin analogues on risk of severe
hypoglycaemia in patients with type 1 diabetes prone to recurrent severe
hypoglycaemia (HypoAna trial): a prospective, randomised, open-label,
blinded-endpoint crossover trial. Lancet Diabetes Endocrinol. 2014;2(7):553–61.
20. Scottish Diabetes Survey Monitoring Group. Scottish diabetes survey 2015.
NHS Scotland, 2015.
21. Weinstock RS, Xing D, Maahs DM, Michels A, Rickels MR, Peters AL, et al.
Severe hypoglycemia and diabetic ketoacidosis in adults with type 1
diabetes: results from the T1D Exchange clinic registry. J Clin Endocrinol
Metab. 2013;98(8):3411–9.
22. Lipska KJ, Warton EM, Huang ES, Moffet HH, Inzucchi SE, Krumholz HM, et al.
HbA1c and risk of severe hypoglycemia in type 2 diabetes: the Diabetes
and Aging Study. Diabetes Care. 2013;36(11):3535–42.
23. Chow LS, Chen H, Miller ME, Marcovina SM, Seaquist ER. Biomarkers related
to severe hypoglycaemia and lack of good glycaemic control in ACCORD.
Diabetologia. 2015;58(6):1160–6.
24. Henderson JN, Allen KV, Deary IJ, Frier BM. Hypoglycaemia in insulin-treated
Type 2 diabetes: frequency, symptoms and impaired awareness. Diabet
Med. 2003;20(12):1016–21.
25. Heller SR, Frier BM, Herslov ML, Gundgaard J, Gough SC. Severe
hypoglycaemia in adults with insulin-treated diabetes: impact on healthcare
resources. Diabet Med. 2016;33(4):471–7.
26. Shorr RI, Ray WA, Daugherty JR, Griffin MR. Incidence and risk factors for
serious hypoglycemia in older persons using insulin or sulfonylureas. Arch
Intern Med. 1997;157(15):1681–6.
27. Fu H, Curtis BH, Xie W, Festa A, Schuster DP, Kendall DM. Frequency and
causes of hospitalization in older compared to younger adults with type 2
diabetes in the United States: a retrospective, claims-based analysis.
J Diabetes Complicat. 2014;28(4):477–81.
28. Scottish Ambulance Service. Scottish Ambulance Service annual report. 2005.
29. Cariou B, Fontaine P, Eschwege E, Lievre M, Gouet D, Huet D, et al.
Frequency and predictors of confirmed hypoglycaemia in type 1 and
insulin-treated type 2 diabetes mellitus patients in a real-life setting: results
from the DIALOG study. Diabetes Metab. 2015;41(2):116–25.
30. Akram K, Pedersen-Bjergaard U, Carstensen B, Borch-Johnsen K, Thorsteinsson
B. Frequency and risk factors of severe hypoglycaemia in insulin-treated Type 2
diabetes: a cross-sectional survey. Diabet Med. 2006;23(7):750–6.
31. Davis TM, Brown SG, Jacobs IG, Bulsara M, Bruce DG, Davis WA.
Determinants of severe hypoglycemia complicating type 2 diabetes: the
Fremantle diabetes study. J Clin Endocrinol Metab. 2010;95(5):2240–7.
32. Khalid JM, Raluy-Callado M, Curtis BH, Boye KS, Maguire A, Reaney M. Rates
and risk of hospitalisation among patients with type 2 diabetes:
retrospective cohort study using the UK General Practice Research Database
linked to English Hospital Episode Statistics. Int J Clin Pract. 2014;68(1):40–8.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

