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Abstract

Aims: To assess if the risk of all-cause mortality increases in people with type 1 diabe-

tes (T1D) with increasing number of severe hypoglycaemia episodes requiring

hospitalization.

Materials and methods: We conducted a national retrospective observational cohort

study in people with T1D (diagnosed between 2000 and 2018). Clinical, comorbidity

and demographic variables were assessed for impact on mortality for people with no,

one, two and three or more episodes of severe hypoglycaemia requiring hospitaliza-

tion. The time to death (all-cause mortality) from the timepoint of the last episode of

severe hypoglycaemia was modelled using a parametric survival model.

Results: A total of 8224 people had a T1D diagnosis in Wales during the study

period. The mortality rate (95% confidence interval [CI]) was 6.9 (6.1-7.8) deaths/

1000 person-years (crude) and 15.31 (13.3-17.63) deaths/ 1000 person-years (age-

adjusted) for those with no occurrence of severe hypoglycaemia requiring hospitali-

zation. For those with one episode of severe hypoglycaemia requiring hospitalization

the mortality rate (95% CI) was 24.9 (21.0-29.6; crude) and 53.8 (44.6-64.7) deaths/

1000 person-years (age-adjusted), for those with two episodes of severe hypoglycae-

mia requiring hospitalization it was 28.0 (23.1-34.0; crude) and 72.8 (59.2-89.5)

deaths/ 1000 person-years (age-adjusted), and for those with three or more episodes

of severe hypoglycaemia requiring hospitalization it was 33.5 (30.0-37.3; crude) and

86.3 (71.7-103.9) deaths/ 1000 person years (age-adjusted; P < 0.001). A parametric

survival model showed that having two episodes of severe hypoglycaemia requiring

hospitalization was the strongest predictor for time to death (accelerated failure time

coefficient 0.073 [95% CI 0.009-0.565]), followed by having one episode of severe

hypoglycaemia requiring hospitalization (0.126 [0.036-0.438]) and age at most recent

episode of severe hypoglycaemia requiring hospitalization (0.917 [0.885-0.951]).
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Conclusions: The strongest predictor for time to death was having two or more epi-

sodes of severe hypoglycaemia requiring hospitalization.
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1 | INTRODUCTION

Severe hypoglycaemia is defined by the American Diabetes Associa-

tion Working Group as a severe cognitive impairment accompanied

by low blood glucose levels that requires external assistance for

recovery.1 In people with diabetes, hypoglycaemia is a side effect of

treatment with glucose-lowering therapies resulting in relative hyper-

insulinaemia. In people with type 1 diabetes (T1D), the prevalence of

severe hypoglycaemia is approximately 12% to 43%, with an annual

incidence of 1.0 to 1.7 episodes per person per year.2–4 In a long-term

study of childhood-onset diabetes, 8% of the causes of death were

reported to be hypoglycaemia in people aged <56 years.5 The rela-

tionship between severe hypoglycaemia and mortality is thought to

have multiple mechanisms, including increased sympathetic activation,

impaired myocardial contractility and cardiac output, accompanied by

a rapid decrease in potassium levels, potentially provoking cardiac

arrhythmia.2,6 Furthermore, severe hypoglycaemia may lead to

impaired blood flow, endothelial function and tissue perfusion, plate-

let activation, along with an inflammatory response increasing the risk

of intravascular coagulation and thrombosis6,7 Despite the positive

effects of intensive, well-managed insulin therapy on cardiovascular

outcomes,8,9 discussions persist about the relationship between

severe hypoglycaemia and mortality.6,10–17 In people with T1D, vari-

ous epidemiological studies have linked hypoglycaemia to cardiovas-

cular events and mortality,18 but it is not currently known if this

association is causal.19–21 In a cohort of individuals with T1D from

Denmark/the Netherlands, severe hypoglycaemia was not associated

with an increased risk of all-cause mortality and/or cardiovascular

mortality.22 In a population-level study of people in Denmark, it was

found there was an increased mortality risk in people experiencing

hypoglycaemia, but the authors did not investigate the effect of multi-

ple episodes of hypoglycaemia and did not demonstrate that hypogly-

caemia itself was a cause of death.23 In a study in people with

diabetes in the United States, those with self-reported episodes of

hypoglycaemia were found to have a 5-year mortality risk that was

3.4 times greater than those who had not had prior hypoglycaemia.24

Clinical characteristics associated with an increased risk of all-cause

mortality were pre-existing macrovascular disease and reduced kidney

function; however, the sample size was small, with only 59 deaths in

751 people. Risk factors for severe hypoglycaemia in people with dia-

betes have been identified, including preceding episodes of

hypoglycaemia,25 having T1D as opposed to other diabetes types,

receiving insulin therapy, and having a diagnosis of sepsis.26 In older

adults with long-standing T1D, greater hypoglycaemia unawareness

and glucose variability are associated with an increased risk of severe

hypoglycaemia.27 Furthermore, more frequently occurring hypogly-

caemic episodes in people with T1D leads to a cumulative effect of

hypoglycaemic events, increasing cardiovascular risk.28 Considering

these associations, the question arises if preceding episodes of severe

hypoglycaemia are associated with all-cause mortality in people with

T1D. Therefore, the aim of this study was to assess whether the num-

ber of severe hypoglycaemia episodes in people with T1D is associ-

ated with increased risk of all-cause mortality.

2 | MATERIALS AND METHODS

2.1 | Study design and participants

This was a national retrospective observational cohort study. Data

were obtained from the Secure Anonymised Information Linkage

(SAIL) databank, which is a repository of routinely collected electronic

health records for people receiving medical services in Wales,

United Kingdom.29,30 The data held in the SAIL databank and used in

this study were from the Welsh Longitudinal General Practice dataset

and inpatient hospital records from the Patient Episodes Database for

Wales. In addition, the Brecon Cohort, a register of people with T1D

diagnosed at the age of 16 years or younger was used to further iden-

tify people with T1D in the other data sources to ensure the cohort

was as complete as possible.31 Death certificates were obtained from

the Annual District Death Extract. Laboratory and anthropometric

data were only available from the Welsh Longitudinal General Practice

database, which covers approximately 80% of the population of

Wales. The study protocol was reviewed by the independent Informa-

tion Governance Review Panel of the SAIL databank and approved

under the identification code 0779. All people with a diagnosis of

T1D at any age between the years 2000 and 2018 across Wales were

included in the study. Due to the nature of routinely collected data-

sets, miscoding and missing data are prevalent and therefore methods

should be used to ensure the data are robust. The diagnosis of T1D

was confirmed as follows: all persons with a code for diabetes mellitus

of any type and one of the following: a prescription of insulin within

6 months of their earliest recorded diagnosis date and prior to any

oral antihyperglycaemic medication; a hospital inpatient episode for

diabetic ketoacidosis; or a prescription for a medical device used com-

monly in the management of T1D issued on at least five separate

dates within 12 months of initial diagnosis.32 Medical devices were

defined as blood glucose test strips, continuous glucose monitoring

(CGM) systems, blood glucometers, insulin pumps, and ketone test

strips.
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2.2 | Predictors

For those with T1D included in the study, the following data were

available and included in the analyses: demographic data, including

age at episode of severe hypoglycaemia requiring hospitalization and

sex; dates of admission to hospital and the cause of severe hypogly-

caemia; clinical data, including glycated haemoglobin (HbA1c), low-

density lipoprotein, high-density lipoprotein (HDL), total cholesterol,

cholesterol to HDL ratio, microalbuminuria, macroalbuminuria, body

mass index (BMI) and smoking status; and comorbidities, including

peripheral vascular disease, chronic kidney disease, atrial fibrillation,

ischaemic heart disease, diabetic ketoacidosis, heart failure, myocar-

dial infarction and stroke; medications used in the treatment of hyper-

tension including beta-blockers, calcium channel blockers, angiotensin

II receptor blockers, angiotensin-converting enzyme inhibitors and

statin therapy. For those people without an admission to the hospital

for severe hypoglycaemia, a date of admission to hospital was

assigned using stochastic imputation. The data on time from diabetes

diagnosis to hypoglycaemic episode for people with admissions to

hospital with severe hypoglycaemia were examined and fitted to a

selection of distribution functions. Parameters of the best fitting dis-

tribution were derived from the data and a single random sample was

used to assign an imputed index date to each person who did not

have an episode of severe hypoglycaemia requiring hospitalization.

The clinical variables were included if the event took place within

12 months of the admission to hospital for severe hypoglycaemia, and

the comorbidity variables if they occurred at any time prior to the

admission to hospital, with the cause of severe hypoglycaemia or the

imputed index date for people who did not have an episode of severe

hypoglycaemia requiring hospitalization. People were uniquely

assigned to groups that had no, one, two, or three or more episodes

of severe hypoglycaemia requiring hospitalization during the study

period. Severe hypoglycaemia was defined as an episode requiring

admission to the hospital, which did not include episodes of severe

hypoglycaemia that were treated in a non-hospital setting. General

variables included the Welsh Index of Multiple Deprivation (WIMD),

which is the Welsh Government's official measure of relative depriva-

tion for small areas in Wales. It identifies areas with the highest con-

centrations of several different types of deprivation. In our data,

WIMD was separated into five quintiles, with the 1st WIMD quintile

representing the most deprived and the 5th WIMD quintile the least

deprived. WIMD is based on evaluation of eight domains in small geo-

graphical areas.

2.3 | Outcomes

Clinical, comorbidity and demographic variables were assessed for

their impact on mortality in people with T1D, stratified by the number

of severe hypoglycaemia episodes requiring hospitalization: no epi-

sode, one episode, two episodes and three or more episodes. The

time to death (all-cause mortality) was calculated stratified by the

number of severe hypoglycaemia episodes requiring hospitalization.

The primary outcome was time to death following an episode of

severe hypoglycaemia requiring hospitalization.

2.4 | Statistical analysis

For continuous variables, median and quartiles and for categorical var-

iables, number and percentages were reported. Univariate differences

between groups were investigated using Poisson regression, and dis-

persion was checked by evaluating the ratio of residual deviance to

degrees of freedom. Crude mortality rates, and rates adjusted for age

were calculated using the standard European population (2013) to

adjust mortality rates.33 A Kaplan-Meier plot was used to illustrate

the unadjusted (crude) time from last reported admission for severe

hypoglycaemia requiring hospitalization to date of death. A parametric

survival model, the output of which is accelerated failure time (AFT)

coefficients, was used to model the adjusted time to death from the

last occurring episode of severe hypoglycaemia requiring hospitaliza-

tion. A parametric survival model assumes the effect of covariates are

multiplicative on the time scale, whereas they are multiplicative on

the hazard scale in proportional hazard models. In AFT models, report-

ing of time ratios (TRs) is recommended, similarly to the reporting of

hazard ratios in proportional hazard models. In this study, the event is

death; therefore, a covariate with a TR >1 means the time to death is

extended and a TR <1 indicates the covariate shortens time to death.

We used routinely collected data for this study and, because we

required laboratory and anthropometric tests to have been performed

within 12 months of the episode of severe hypoglycaemia requiring

hospitalization, we needed a strategy for dealing with higher levels of

missing data. We used multiple imputation to construct a dataset

where we could compare models before and after adding variables

and perform model selection using the imputed dataset. The model

distributions assessed were Weibull, Rayleigh, log-logistic, log-normal,

exponential and normal distributions, and the best-fitting distribution

was chosen using the Akaike information criterion (AIC). Results based

on the imputed data are not reported and were only used for model

selection. We expected the missing data to be missing at random as

the study covers a long period of time and individuals were not

excluded according to when they had an episode of severe hypogly-

caemia requiring hospitalization. A forward stepwise method was

used to construct the model, starting with the minimal base model

including variables encoding the number of hypoglycaemic episodes

individuals experienced during the study period. Then, each variable

in Table 2 was added to the model, with the variable that produced

the greatest improvement in AIC retained for future iterations. When

adding more variables did not improve the AIC, the process was termi-

nated. The results presented from the final model were fitted using

only the original data with no imputed values. A lower AIC is taken to

mean a better model fit to the data. All statistical analysis were per-

formed using the R programming language version 4.0.2, the survival

package version 3.2-7 was used for survival analysis, the mice package

version 3.12.0 for multiple imputation and the poppy package version

0.4.8 for computing standardized rates.
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3 | RESULTS

A total of 281 558 people in Wales had a diagnosis of either T1D or

type 2 diabetes between 2000 and 2018, of whom 8224 (2.9%) had a

confirmed diagnosis of T1D and were included in the analysis

(Figure 1). Of those with T1D, the median (interquartile) age was 28.0

(16.9, 45.1) years, 3655 (44.2%) were female, the median HbA1c was

70.5 (58.0, 74.5) mmol/mol (8.6 [7.5, 9.0]%) and 1702 people (20.7%)

lived in the most deprived areas (Table 1). The median (IQR) follow-up

time from hypoglycaemia episode to endpoint was 4.70 (1.75, 9.32)

years and the median (IQR) follow up time from diagnosis to endpoint

was 9.77 (4.64, 14.75) years. The median (IQR) time between epi-

sodes of severe hypoglycaemia in people who had more than one epi-

sode was 183 (37.5, 622.5) days. In those who died, the median (IQR)

time from hypoglycaemia episode to death was 229.5 (36.75, 824.75)

days. A total of 6632 people (80.6%) had no episodes of severe hypo-

glycaemia requiring hospitalization, 954 people (11.6%) had one epi-

sode, 294 (3.6%) had two episodes, and 344 (4.2%) had three or more

episodes. The time from diabetes diagnosis to hypoglycaemia episode

was found to follow an exponential distribution, and dates of hypogly-

caemia episode were imputed for the group that did not have an epi-

sode of hypoglycaemia by randomly sampling from this distribution.

Results from the univariate analysis showed that people who

were younger, who had higher HbA1c levels, and lower blood pres-

sure and BMI, those who were female, those who had complications

and comorbidities of peripheral vascular disease, amputation,

hospitalization for chronic kidney disease, ischaemic heart disease or

atrial fibrillation, those who had history of diabetic ketoacidosis and

stroke and those who lived in the most and second most deprived

areas were more likely to have episodes of severe hypoglycaemia

requiring hospitalization. Furthermore, people who were older, who

had lower HbA1c levels, higher blood pressure and BMI and complica-

tions and comorbidities of micro- and macro-albuminuria, peripheral

vascular disease, amputation, atrial fibrillation, ischaemic heart disease

and stroke, those who used blood pressure or statin treatment and

those living in the most deprived areas were more likely to die

(Table 2). The mortality rate (95% confidence interval [CI]) was 6.9

(6.1-7.8) deaths/ 1000 person-years (crude) and 15.3 (13.3-17.6)

deaths / 1000 person-years (age-adjusted) for those with no occur-

rence of severe hypoglycaemia requiring hospitalization. For those

with one episode of severe hypoglycaemia requiring hospitalization

the mortality rate (95% CI) was 24.9 (21.0-29.6) deaths / 1000

person-years (crude) and 53.8 (44.6-64.7) deaths / 1000 person-years

(age-adjusted), for those with two episodes of severe hypoglycaemia

requiring hospitalization, it was 28.0 (23.1-34.0) deaths / 1000

person-years (crude) and 72.8 (59.2-89.5) deaths / 1000 person-years

(age-adjusted), and for those with three or more episodes of severe

hypoglycaemia requiring hospitalization, it was 33.5 (30.0-37.3)

deaths / 1000 person-years (crude) and 86.3 (71.7-103.9) deaths /

1000 person-years (age-adjusted; P < 0.001, comparing all groups

with different numbers of episodes of severe hypoglycaemia requiring

hospitalization). Figure 2 shows how the mortality rate following a

F IGURE 1 Study flow
diagram showing the number of
people with type 1 diabetes
(T1D) eligible for the analyses.
SH, severe hypogycaemia
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TABLE 1 Characteristics of the study cohort, people in Wales with type 1 diabetes from 2000 to 2018 (N = 8626)

Characteristic

General

Age, median (IQR) years 28.0 (16.9-45.1)

Sex, n (%)

Females 3655 (44.2)

Males 4971 (55.8)

Age at diagnosis, median (IQR) years 23.6 (12.6-40.2)

Diabetes duration at SH episode, median (IQR) years 3.3 (1.3-7.0)

BMI, median (IQR) kg/m2 24.6 (21.7-28.4)

HbA1c, median (IQR)

mmol/mol 70.5 (58.0-74.5)

% 8.6 (7.5-9.0)

Smokers, n (%) 2780 (33.8)

WIMDa, n (%)

1st quintile (most deprived) 1702 (20.7)

2nd quintile 1509 (18.3)

3rd quintile 1439 (17.5)

4th quintile 1209 (14.7)

5th quintile (least deprived) 1220 (14.8)

Clinical data, median (IQR)

Systolic pressure, mmHg 122 (110-134)

Diastolic pressure, mmHg 73 (67-80)

LDL, mmol/L 1.39 (1.97-3.10)

HDL, mmol/L 1.39 (1.10-1.66)

Total cholesterol, mmol/L 4.54 (3.90-5.30)

Cholesterol to HDL ratio (dimensionless) 3.30 (2.70-4.20)

Comorbidities, n (%)

Microalbuminuria 110 (1.3)

Macroalbuminuria 6 (0.07)

Peripheral vascular disease 86 (1.0)

Lower limb amputation 56 (0.6)

Percutaneous coronary intervention 31 (0.3)

Hospitalization for chronic kidney disease 40 (0.4)

Atrial fibrillation 114 (1.4)

Ischemic heart disease 271 (3.3)

Diabetic ketoacidosis 2655 (32.3)

Hospitalization for heart failure 95 (1.2)

Myocardial infarction 88 (1.1)

Stroke 74 (0.9)

Medication, n (%)

Blood pressure medication 1456 (17.7)

Statins 1554 (18.9)

Note: Data are given as mean ± standard deviation or %.

Abbreviations: BMI, body mass index; HbA1c, glycated haemoglobin; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low density lipoprotein;

SH, severe hypoglycaemia; WIMD, Welsh Index of Multiple Deprivation.
aRemaining number (%) had unknown WIMD. The blood pressure medication category included angiotensin-converting enzyme inhibitors, angiotensin II

receptor blockers, beta-blockers and calcium channel blockers.
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hospitalization for severe hypoglycaemia varied for people with no,

one, two and three or more episodes of severe hypoglycaemia requir-

ing hospitalization.

The fully adjusted parametric survival model contained the fol-

lowing covariates: number of episodes of severe hypoglycaemia

requiring hospitalization, sex, age, duration of diabetes, deprivation,

HbA1c, use of statins and blood pressure medications, hospitalization

for heart failure, chronic kidney disease and diabetic ketoacidosis

(Table 3). The survival time for a person with one episode of severe

hypoglycaemia requiring hospitalization was 87.4% shorter (TR 0.126)

compared with those who did not have an episode of severe hypogly-

caemia requiring hospitalization. For those people with two episodes

of severe hypoglycaemia requiring hospitalization, the survival time

was 92.7% shorter (TR 0.073) compared with those without an epi-

sode of severe hypoglycaemia requiring hospitalization. Each addi-

tional year of diabetes duration increased the survival time by 25.8%

(TR 1.258), while each additional year of age reduced the survival time

by 8.3% (TR 0.917), indicating that the people most at risk of death

following an episode of severe hypoglycaemia requiring hospitaliza-

tion were those who were diagnosed with T1D at an older age.

4 | DISCUSSION

This report highlights the elevation in risk of mortality in people with

T1D experiencing episodes of severe hypoglycaemia requiring hospi-

talization. The strongest predictor for time to death, by which we

mean the variable with the TR that differed most from 1, was having

two or more episodes of severe hypoglycaemia requiring hospitaliza-

tion. Intriguingly, the parametric survival model showed that even one

episode of severe hypoglycaemia requiring hospitalization increased

the risk of earlier death compared with having no episodes, and the

risk increased further with two episodes of severe hypoglycaemia

requiring hospitalization. Having three or more episodes of severe

hypoglycaemia requiring hospitalization did not meet our chosen sta-

tistical significance threshold, but the trend observed for one and two

episodes suggests this was because there were insufficient data to

reject the null hypothesis that three or more episodes of severe hypo-

glycaemia requiring hospitalization was not associated with an

increase in mortality. In our study, those who had a higher number of

severe hypoglycaemia events requiring hospitalization and who died

were older than those with the same number of episodes of severe

hypoglycaemia requiring hospitalization and who were alive. How-

ever, those who died had a median (IQR) age of 62.4 (48.8, 74.4) years

at the occurrence of the last episode of severe hypoglycaemia requir-

ing hospitalization, whereas the general life expectancy in Wales

(United Kingdom) is 79.4 years for males and 83.1 years for females.

Interestingly, those with three or more episodes of severe hypogly-

caemia requiring hospitalization and who died were aged 55.1 (41.9,

75.6) years, which suggests that age per se had only a moderate

impact on mortality. Nevertheless, age at the last episode of severe

hypoglycaemia requiring hospitalization had an effect on time to

death, meaning that, for each additional year, the expected time toT
A
B
L
E
2

(C
o
nt
in
ue

d)

N
o
SH

ep
is
o
de

s
O
ne

SH
ep

is
o
de

T
w
o
SH

ep
is
o
de

s
T
h
re
e
o
r
m
o
re

SH
ep

is
o
d
es

P
va

lu
e

A
liv

e
D
ea

d
A
liv

e
D
ea

d
A
liv

e
D
ea

d
A
liv

e
D
ea

d

N
u
m
b
er

SH

ep
is
o
d
es

D
ie
d

St
at
in

tr
ea

tm
en

t,
n
(%

)
1
1
0
4
(1
7
.3
0
)

1
0
6
(4
2
.2
3
)

1
5
2
(1
8
.1
4
)

5
4
(4
6
.5
5
)

3
7
(1
4
.8
6
)

1
8
(4
0
.0
0
)

4
8
(1
7
.4
5
)

3
5
(5
0
.7
2
)

0
.3
9
9

<
0
.0
0
1

W
IM

D
qu

in
ti
le
,n

(%
)

1
st

qu
in
ti
le

(m
o
st

de
pr
iv
ed

)
1
2
0
0
(2
2
.7
4
)

3
5
(3
0
.1
7
)

2
1
6
(2
6
.5
7
)

3
5
(3
0
.1
7
)

5
4
(2
1
.6
9
)

1
6
(3
5
.5
6
)

9
0
(3
3
.0
9
)

1
6
(2
3
.1
9
)

0
.0
0
6

0
.0
2
8

2
nd

qu
in
ti
le

1
0
7
9
(2
0
.4
4
)

2
9
(2
5
.0
0
)

1
8
0
(2
2
.1
4
)

2
9
(2
5
.0
0
)

6
2
(2
4
.9
0
)

1
2
(2
6
.6
7
)

7
4
(2
7
.2
1
)

1
7
(2
4
.6
4
)

0
.0
0
2

0
.1
0
6

3
rd

qu
in
ti
le

1
1
0
7
(2
0
.9
7
)

2
1
(1
8
.1
0
)

1
5
5
(1
9
.0
7
)

2
1
(1
8
.1
0
)

5
8
(2
3
.2
9
)

7
(1
5
.5
6
)

4
3
(1
5
.8
1
)

1
2
(1
7
.3
9
)

0
.2
2
4

0
.7
3
4

4
th

qu
in
ti
le

9
3
0
(1
7
.6
2
)

2
0
(1
7
.2
4
)

1
2
2
(1
5
.0
1
)

2
0
(1
7
.2
4
)

4
3
(1
7
.2
7
)

8
(1
7
.7
8
)

3
6
(1
3
.2
4
)

1
6
(2
3
.1
9
)

0
.1
4
9

0
.2
8
1

5
th

qu
in
ti
le

(le
as
t
de

pr
iv
ed

)
9
6
2
(1
8
.2
3
)

1
1
(9
.4
8
)

1
4
0
(1
7
.2
2
)

1
1
(9
.4
8
)

3
2
(1
2
.8
5
)

2
(4
.4
4
)

2
9
(1
0
.6
6
)

8
(1
1
.5
9
)

C
o
m
p
ar
at
o
r

G
ro
u
p

N
ot
e:
P
va
lu
e,

nu
m
be

r
o
f
SH

ep
is
o
de

s:
th
e
P
va
lu
e
co

m
pa

ri
ng

va
lu
es

fo
r
di
ff
er
in
g
nu

m
be

r
o
f
SH

ep
is
o
de

s.
P
va
lu
e,

D
ie
d:

th
e
P
va
lu
e
co

m
pa

ri
ng

va
lu
es

fo
r
th
o
se

w
ho

di
ed

an
d
th
o
se

w
h
o
d
id

n
o
t
d
ie

d
u
ri
n
g
th
e
st
u
d
y.
G
ro
u
p
s
w
it
h
fe
w
er

th
an

fi
ve

in
d
iv
id
u
al
s
ar
e

m
as
ke

d
du

e
to

th
e
da

ta
pr
iv
ac
y
re
qu

ir
em

en
ts

o
f
th
e
SA

IL
da

ta
ba

nk
.

A
bb

re
vi
at
io
ns
:C

K
D
,c
hr
o
ni
c
ki
dn

ey
di
se
as
e;

H
bA

1
c,
gl
yc
at
ed

ha
em

o
gl
o
bi
n;

H
D
L,
hi
gh

-d
en

si
ty

lip
o
pr
o
te
in
;I
Q
R
,i
nt
er
qu

ar
ti
le

ra
ng

e;
LD

L,
lo
w
-d
en

si
ty

lip
o
pr
o
te
in
;S

H
,s
ev

er
e
hy

po
gl
yc
ae

m
ia
;W

IM
D
,W

el
sh

In
d
ex

o
f
M
u
lt
ip
le

D
ep

ri
va
ti
o
n
.

MOSER ET AL. 2249

 14631326, 2023, 8, D
ow

nloaded from
 https://dom

-pubs.pericles-prod.literatum
online.com

/doi/10.1111/dom
.15102 by U

niversitaet B
ayreuth, W

iley O
nline L

ibrary on [16/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



death was 8.3% shorter compared to those without an episode of

severe hypoglycaemia requiring hospitalization. As shown previously,

people with T1D have a substantially increased risk of premature

death,34 which is associated with suboptimal glycaemic manage-

ment35 and the presence of acute and chronic complications.36 In

those with a diabetes duration of less than 10 years, acute diabetes

complications accounted for 40% of deaths.36

In conclusion, our findings indicate an independent association

between severe hypoglycaemia requiring hospitalization and mortality

in people with T1D. We also note that people who had more episodes

of severe hypoglycaemia requiring hospitalization had higher HbA1c

levels, which is contrary to the commonly held understanding that

imposing lower HbA1c targets on individuals with T1D increases the

risk of hypoglycaemic episodes.37 When assessing the impact of peo-

ple's demographic characteristics, clinical data, laboratory data and

medication, males had a higher number of episodes of severe hypogly-

caemia and hence a greater risk of mortality than females.

The inverse relationship between HbA1c levels and time spent in

hypoglycaemia is a major hurdle in the management of T1D38 that

often reduces the efficacy of treatments. Taking into account that

improving glycaemic management prolongs life expectancy and, coin-

cidently, lowering the number of severe hypoglycaemic events requir-

ing hospitalization improves longevity, current care needs to utilize

the advances in diabetes management such as CGM and novel insulin

analogues. This notion of CGM being a key tool in minimizing both

dangerous hyperglycaemia and hypoglycaemia led to a recent

commentary suggesting that we need to move from the HbA1c man-

agement era we have been in for almost 30 years to an era in which

T1D management is guided by CGM data.39 In people with the same

number of episodes of severe hypoglycaemia requiring hospitalization,

those who were alive had lower systolic and diastolic blood pressure

when compared with those who died. Interestingly, lower blood pres-

sure was found in those with a higher number of severe hypoglycae-

mia events requiring hospitalization, which may reflect that some

medications could mitigate the effects of hypoglycaemia awareness

due to beta-receptor blockade.40 This finding is also supported by the

observation that people who used antihypertensive medication were

more prone to hypoglycaemia than those without.

Those who died had a higher BMI than those who remained

alive; however, those with a lower BMI had a higher number of epi-

sodes of severe hypoglycaemia requiring hospitalization. It is possi-

ble that those with a lower BMI might have been more physically

active, which could have increased the risk of severe hypoglycaemia

requiring hospitalization as shown in a previous study.41 Albumin-

uria was found to be more common in those who died and, further-

more, those who had more episodes of severe hypoglycaemia

requiring hospitalization had albuminuria more often when com-

pared to those with no episode of severe hypoglycaemia requiring

hospitalization. Similar results were found for peripheral vascular

disease, amputations, hospitalization for chronic kidney disease,

atrial fibrillation, myocardial infarction, and stroke. Interestingly,

statin therapy was more often used in those who died, which is

F IGURE 2 Kaplan-Meier mortality probability comparison of those having no episode of severe hypoglycaemia (SH) requiring hospitalization
(red line), or one episode (green line), two episodes (turquoise line) and three or more episodes of hypoglycaemia requiring hospitalization
(purple line)
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hypothesized to be due to the comorbidities rather than the treat-

ments per se. Among those people who were least deprived there

was a lower number of deaths in relation to the number of hypogly-

caemia episodes and, in general, a lower risk of severe hypoglycae-

mia requiring hospitalization.

When assessing the impact of severe hypoglycaemia requiring

hospitalization, those with no episodes of severe hypoglycaemia

requiring hospitalization had nearly stable mortality curves, which is in

contrast to those with one episode of severe hypoglycaemia requiring

hospitalization, where the risk for earlier death increased in the period

TABLE 3 Accelerated failure time survival model for the time to death for the cohort of people with type 1 diabetes from Wales, from 2000
to 2018

Variables

AFT model

TR (95% CI) P value

Number of severe hypoglycaemic episodes

0 Comparator group

1 0.126 (0.036-0.438) 0.001

2 0.073 (0.009-0.565) 0.012

3+ 0.113 (0.007-1.959) 0.134

Diabetes duration 1.258 (1.079-1.465) 0.003

Sex

Male Comparator group

Female 0.972 (0.370-2.554) 0.954

Age (years) at most recent hypoglycaemic episode 0.917 (0.885-0.951) <0.001

WIMD quintile

1st quintile (most deprived) 0.307 (0.062-1.531) 0.150

2nd quintile 0.720 (0.148-3.506) 0.684

3rd quintile 2.162 (0.317-14.748) 0.431

4th quintile 0.332 (0.061-1.821) 0.204

5th quintile (least deprived) Comparator group

HbA1c (mmol/mol) 0.985 (0.966-1.003) 0.108

Systolic blood pressure 1.026 (0.993-1.061) 0.128

Diastolic blood pressure 1.028 (0.972-1.088) 0.328

Use statins

No Comparator group

Yes 0.973 (0.484-1.970) 0.938

Use blood pressure medication

No Comparator group

Yes 0.386 (0.121-1.228) 0.107

Used statin medication

No Comparator group

Yes 0.457 (0.139-1.507) 0.199

Hospitalization for heart failure before SH

No Comparator group

Yes 0.337 (0.054-2.097) 0.244

Hospitalization for CKD before SH

No Comparator group

Yes 2 � 107 (0.000-inf) 0.997

Diabetic ketoacidosis before SH

No Comparator group

Yes 0.660 (0.183-2.377) 0.525

Abbreviations: AFT, accelerated failure time; CI, confidence interval; CKD, chronic kidney disease; HbA1c, glycated haemoglobin; SH, severe

hypoglycaemia; TR, time ratio; WIMD, Welsh Index of Multiple Deprivation.

MOSER ET AL. 2251

 14631326, 2023, 8, D
ow

nloaded from
 https://dom

-pubs.pericles-prod.literatum
online.com

/doi/10.1111/dom
.15102 by U

niversitaet B
ayreuth, W

iley O
nline L

ibrary on [16/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



immediately following the episode of severe hypoglycaemia requiring

hospitalization. When stratifying these data based on the number of

episodes of severe hypoglycaemia requiring hospitalization, those

with more episodes had acutely and chronically increased risk of

death. Crude survival probability was found to stabilize approximately

12 months after the episode of severe hypoglycaemia requiring hospi-

talization. Based on the findings of the Kaplan-Meier analysis, it can

be hypothesized that absolute avoidance of severe hypoglycaemia

requiring hospitalization is urgently needed in people with T1D to

lower the risk of mortality. The focus of therapy management should

be based on individualizing education, the use of diabetes technology

and physiological insulins. As our data reveal, these interventions

should be performed immediately after the occurrence of an episode

of severe hypoglycaemia requiring hospitalization.

This study has some limitations. Because we only assessed severe

hypoglycaemia episodes requiring hospitalization, those episodes treated

outside hospital were not included. The influence of mild hypoglycaemia

might have further cumulative effects on our findings but this was not

captured by our study. To draw a full picture of the effects of severe

hypoglycaemia on mortality, a prospective study utilizing CGM data is

required to determine a clear causality instead of association. Large rou-

tinely collected healthcare data are limited by coding errors and missing

data. However, we attempted to reduce the effects of this by using a

robust method to confirm the type of diabetes and used imputation

methods to limit the impact of missing data. We were only able to

include a snapshot of HbA1c rather than the more appropriate measure

of HbA1c exposure over the course of the disease. This is because we

aimed to minimize the amount of missing data in the analysis, and

HbA1c measurements were only available to us via primary care records.

Furthermore, we were only able to determine the presence of an individ-

ual in Wales via their registration at a general practice, not by dwelling

address or another metric. It is possible that individuals could move out

of Wales but remain registered at their previous general practice, which

may be more common in people who move often, such as university stu-

dents. Despite noting this limitation, we feel the scenario is unlikely,

because T1D is a disease that requires regular engagement with health

services. Additionally, based on our data, we could not assess the mental

health and type of insulin therapy (insulin pump therapy vs. insulin pen

therapy). Notwithstanding these limitations, this large-scale study per-

formed in people with T1D in the United Kingdom found that an episode

of severe hypoglycaemia requiring hospitalization acutely and chronically

increases the risk of premature death and this needs to be considered

when defining and prescribing treatment for people with T1D.
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