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Abstract

Aim: To assess the differential association of risk factors with severe and non-severe
hypoglycaemia.

Materials and Methods: The Hypoglycaemia Assessment Tool study evaluated the
risk of hypoglycaemia over a 4-week period in patients with type 1 diabetes (T1D)
and type 2 diabetes (T2D) on insulin in 24 countries. Negative binomial regressions
were applied to examine the associations of several risk factors with severe and non-
severe hypoglycaemia.

Results: The median age was 41 years in 5949 patients with TA1D and 62 years in
12 914 patients with T2D. The 4-week rates of non-severe hypoglycaemic were 5.57
and 1.40 episodes per person in T1D and T2D, respectively; the corresponding rates
for severe hypoglycaemia were 0.94 and 0.30. The excess risk was 42% higher for
severe than non-severe hypoglycaemia in females versus males with T2D; 27% higher
in patients with T2D with versus without a continuous glucose monitoring (CGM); and
47% lower in patients with T1D with versus without an insulin pump. The excess risk
also differed across geographical areas and was marginally lower for severe than non-
severe hypoglycaemia for higher values of HbA1lc in patients with T2D. Associations
with severity of hypoglycaemia were not different for age, diabetes and insulin therapy
duration, previous hypoglycaemic episodes and insulin regimen.

Conclusions: The risk of severe versus non-severe hypoglycaemia differs in patients
with T1D and T2D; sex, the use of a CGM and insulin pump, and geographical areas
were differently associated with one type of hypoglycaemia than the other.
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1 | INTRODUCTION

In both patients with type 1 diabetes (T1D) and type 2 diabetes (T2D),
the goals of treatment are to prevent or delay complications and these
require control of glycaemia and other cardiovascular risk factors,
such as lipids and blood pressure.’? A strategy of intensive glycaemic
control reduces the incidence of vascular complications of diabetes.>*
Intensive glycaemic control achieved through insulin therapy is a
‘double-edged sword’: although it reduces the risk of long-term com-
plications, it is associated with an increased risk of hypoglycaemia.’

Hypoglycaemia can be classified as non-severe, an event man-
aged by the patient alone; or as severe, an event associated with cog-
nitive impairment that requires third-party assistance.”

Both severe and non-severe hypoglycaemia present a substantial
burden for patients, carers and their treating physicians, and severe
hypoglycaemia in particular is associated with a reduction in health-
related quality of life, increased healthcare costs and a higher mortal-
ity risk.°”® Non-severe hypoglycaemia can lower the quality of life by
increasing anxiety and the fear of repeated events.” There are limited
data on the real-world prevalence and incidence estimates of hypogly-
caemia, given that most of the published data are based on clinical tri-
als.’® The real burden of hypoglycaemia may be underestimated as
the majority of non-severe hypoglycaemic events, which account for
approximately 88%-98% of all hypoglycaemic events, are rarely or
never reported.!?

Major risk factors known to increase the incidence of hypoglycae-
mia include older age, longer duration of diabetes, longer duration or
incorrect dosing of glucose-lowering medications, such as sulphony-
lureas and insulins, an increased number of diabetes medications,
lower body mass index (BMI), renal impairment and cognitive
dysfunction.?>"1* Traditional risk factors for severe hypoglycaemia
include older age, Black race, the use of insulin and/or sulphonylureas,
longer duration of diabetes, low HbAlc and poor cognitive

function, >~

with emerging risk factors being glucose fluctuations
and the level of activities of daily living.*® Although fewer studies for
non-severe hypoglycaemia exist, the risk factors implicated include
younger age, higher HbAlc, lower BMI, longer diabetes duration and
the presence of co-morbidities.1”?° An association between increased
frequency of non-severe hypoglycaemic events and increased inci-
dence of severe hypoglycaemic events is also well documented.617:21
Although these hypoglycaemic endpoints appear to be closely related
and not distinct pathologies, the extent to which they share risk fac-
tors is uncertain, given the inconsistent reports by several stud-
ies. 116720 |nterpretation of the findings has also been complicated by
the inability of previous studies to formally compare risk factors for
severe and non-severe hypoglycaemia within the same cohorts com-
prising patients with T1D and T2D, as well as the limited statistical
power of these previous studies.2**¢"1? |dentification of shared and
unique risk factors for these outcomes would be critical for predicting
and preventing hypoglycaemia and its complications in individual
patients.

The global Hypoglycaemia Assessment Tool (HAT) study is the
largest and most comprehensive epidemiological observational study

set up to investigate hypoglycaemia in patients with T1D and T2D
and to make comparisons among the different populations affected
by hypoglycaemia globally.?®*322 The HAT study collected data on
self-reported hypoglycaemic events (non-severe and severe) and asso-
ciated risk factors in a global population of patients with insulin-
treated diabetes, covering a retrospective and prospective time
period. Hence, it presents a unique opportunity to compare the risk
factors for both severe and non-severe hypoglycaemia in the same
cohort.

Using the HAT study, the aim of the current analysis was to
assess the differential impact of risk factors on severe and non-severe
hypoglycaemia in an insulin-using global patient population over the
4-week prospective time period.

2 | MATERIALS AND METHODS

2.1 | Study design

This study is reported in line with the STROBE guidelines (the check-
list is provided in the supporting information). We employed HAT data
collected as part of the prospective 4-week period; the HAT study
design and recruitment processes have been described in previous
reports.1%322 Briefly, the HAT study is a multicentre study of hypo-
glycaemic events conducted at 2004 sites in 24 countries across six
regions (Eastern Europe, Latin America, the Middle East, Northern
Europe/Canada, Russia, South East Asia).?® The study, spanning a
period of 1 year (during 2012 and 2013), was conducted in accor-
dance with the Declaration of Helsinki (2004) and adhered to the
International Conference on Harmonization Guidelines for Good Clini-
cal Practice (1996). Country-specific regulatory agencies and ethics
committees approved the study protocol. All the study materials were

translated into local languages.

2.2 | Study population

In each country, participants were recruited consecutively during rou-
tine scheduled clinical consultations with healthcare professionals.
Participants were eligible to be entered into the study if they (i) were
at least 18 years of age at study entry; (ii) had T1D or T2D and had
been treated with insulin for more than 12 months; and (iii) provided
informed consent to participate in the study. The exclusion criteria
included being non-ambulant, illiterate or experiencing other issues
that precluded the ability to complete a written questionnaire. Partici-

pants were not compensated for participating in the study.
2.3 | Outcome assessment and classification of
hypoglycaemia

Data were collected from study participants using a two-part self-

assessment questionnaire. Part 1 was used to assess baseline
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demographic and treatment information (obtained from medical
records) and a history of severe hypoglycaemia over the last 6 months
and non-severe hypoglycaemia over the previous 4 weeks prior to
study entry. Part 2, which was completed 4 weeks after baseline
study entry, assessed the occurrence of both severe and non-severe
hypoglycaemia. To assist with recall during Part 2 of the assessment,
participants were provided with diaries to summarize their experience
of hypoglycaemia at home during the 4-week period. The outcome

1322, (i) non-severe

was classified into the following three groups
hypoglycaemia, defined as an event based on either symptoms or self-
monitored blood glucose and managed by the patient alone; (ii) severe
hypoglycaemia, defined based on American Diabetes Association
guidelines as any hypoglycaemic event requiring the assistance of
another person to administer carbohydrate, glucagon or any other

resuscitative action’; and (iii) no hypoglycaemia.

2.4 | Statistical analysis
Baseline data were summarized as median (interquartile range [IQR])
for continuous variables and numbers (%) for categorical variables.
We calculated the total, severe and non-severe number of hypogly-
caemic events and estimated the rates with 95% confidence intervals
(Cls) for the 4-week period after baseline, separately in T1D and T2D.
Because our aim was to investigate the differential impact of the
same risk factor on severe and non-severe hypoglycaemia, we applied
a duplicate database approach whereby individuals without hypogly-
caemic episodes served as controls for both severe and non-severe

2425 3 variable indicating each database (severe and

hypoglycaemia
no hypoglycaemia; non-severe and no hypoglycaemia) was modelled
as an effect modifier (i.e. interaction) in the association between each
risk factor and the number of hypoglycaemic episodes. Using
complete-case negative binomial models, stratified by diabetes type
and including age, sex, years of diabetes duration and of insulin ther-
apy, HbA1c level, prevalent hypoglycaemic episodes, the use of a con-
tinuous glucose monitoring (CGM), the use of an insulin pump, insulin
regimen and country regions,>?2 the multiplicative effect of the con-
founder was then estimated separately for severe and non-severe
hypoglycaemia, and the interactions—which indicate the ratio of the
rate ratios (RRs) for each risk factor—were also obtained. Adjusted
complete-case negative binomial models were also employed to esti-
mate the RRs for total hypoglycaemic episodes. Analyses were con-
ducted in SAS 9.4 and Stata v. 18.

3 | RESULTS

3.1 | Study population and characteristics

A total of 18 863 participants with complete information on covari-
ates and hypoglycaemic status (none, non-severe and severe hypogly-
caemia) were included in the analyses: the median age of the T1D and
the T2D cohort was 41 (IQR 30-54) and 62 (IQR 54-69) years,

respectively; there were fewer men in the T1D (2720 out of 5949
patients; 45.7%) than in the T2D cohort (6770 out of 12 914; 52.4%).

The baseline characteristics are shown in Table S1 by type of dia-
betes and in Table 1 by type of diabetes and incident hypoglycaemic
episodes. In the 4 weeks after baseline, 4926 (82.8%) and 5678 (44.0%)
participants with T1D and T2D, respectively, reported at least one non-
severe hypoglycaemic episode (Table 1); the corresponding figures for
severe hypoglycaemia were 694 (11.7%) and 952 (7.4%). Participants
with non-severe hypoglycaemia had a similar prevalence of previous
hypoglycaemic episodes, duration of diabetes and duration of insulin
therapy compared with those with severe hypoglycaemia, in both the
T1D and T2D. The use of a CGM was similar in the T1D and T2D, with
a lower prevalence in patients with non-severe versus severe hypogly-
caemia; conversely, the use of an insulin pump was significantly greater
in patients with T1D than in patients with T2D. Insulin regimens varied
more between types of diabetes than between incident hypoglycaemia,
while large variations were observed across geographical area(s) in rela-
tion to types of diabetes and incident hypoglycaemia (Table 1).

3.2 | Rates of hypoglycaemia

The 4-week crude incidence rate of total hypoglycaemic episodes was
6.50 (95% Cl: 6.44-6.57) events per person (i.e. ~85 events per
person-year) in T1D and 1.70 (1.67-1.72) in T2D (Figure S1). In both
T1D and T2D, rates were higher in females and in patients with a pre-
vious hypoglycaemic episode and using an insulin pump; rates were
lower in patients from South East Asia and on long-acting insulin,
while they were similar regardless of CGM use.

In T1D, the 4-week crude incidence rate was 5.57 (95% CI:
5.51-5.63) and 0.94 (0.91-0.96) events per person for non-severe and
severe hypoglycaemia, respectively; the corresponding rates in T2D
were 1.40 (1.38-1.42) and 0.30 (0.29-0.31) (Figure 1). The rates of non-
severe hypoglycaemia were significantly higher in females than in males
with T1D (6.41 vs. 4.57 events), whereas the difference was smaller in
T2D (1.53 vs. 1.28). Similarly, in both T1D and T2D, rates were higher
in patients with versus without a previous hypoglycaemic event (T1D:
6.14 vs. 2.29 and 1.04 vs. 0.34 for non-severe and severe hypoglycae-
mia, respectively; T2D: 2.04 vs. 0.66 and 0.43 vs. 0.15). The rates of
non-severe hypoglycaemia were higher in patients with versus without
an insulin pump, in both T1D (8.23 vs. 4.96) and T2D (3.06 vs. 1.38);
for severe hypoglycaemia, the rates were higher in T2D (0.59 vs. 0.30),
while the difference was very small in T1D (0.89 vs. 0.95). Likewise, dif-
ferences in the rates of non-severe and severe hypoglycaemia were
very small in individuals with versus without a CGM (largest difference,
0.22). In T1D, for non-severe hypoglycaemia, the highest and lowest
rates were observed for short-acting (7.44) and long-acting (3.82) insu-
lin, while differences were very small for severe hypoglycaemia (largest,
0.18); in T2D, corresponding figures for non-severe hypoglycaemia
were 1.82 for combined short-acting and long-acting insulin and 0.90
for long-acting insulin, while for severe hypoglycaemia they ranged
from 0.47 for short-acting to 0.19 for long-acting insulin. Across geo-

graphical areas, in T1D, the highest rates of both non-severe (7.00) and
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TABLE 1 Characteristics of participants by diabetes type and outcome.
Type 1 diabetes (N = 5949) Type 2 diabetes (N = 12 914)
Variable No. of episodes  Non-severe Severe No. of episodes  Non-severe Severe
N of participants® 896 4926 694 6838 5678 952
Age (y) 42.0(29.0, 41.0(30.0, 40.0 (28.0, 61.0 (54.0, 62.0 (55.0, 60.0 (53.0,
54.0) 53.0) 53.0) 69.0) 68.0) 68.0)
Sex (F) 389 (43.4) 2779 (56.4) 413 (59.5) 3078 (45.0) 2853 (50.2) 532 (55.9)
Duration of diabetes (y) 14.0(7.7, 21.0) 16.0 (8.0, 25.0) 17.0 (10.0, 12.0(8.0, 18.0) 13.0(8.0, 20.0) 13.0 (8.0, 20.0)
26.0)
Duration of insulin therapy (y) 12.0 (6.0, 20.0) 15.0 (8.0, 25.0) 17.0 (9.0, 26.0) 4.0(2.0, 8.0) 5.0(3.0,10.0) 5.0 (3.0, 10.0)
HbA1c (%) 7.9(7.0,9.1) 7.9 (7.0,9.1) 7.9(7.0,9.1) 8.1(7.2,9.3) 7.9 (7.0,9.0) 8.1(7.2,9.2)
HbA1c (mmol/mol) 63 (53, 76) 63 (53, 76) 63 (53, 76) 65 (55, 78) 63 (53, 75) 65 (55, 78)
Previous hypoglycaemic event 511 (57.0) 4454 (90.4) 626 (90.2) 2472 (36.2) 4209 (74.1) 713 (74.9)
Use of a CGM device 282 (31.5) 1174 (23.8) 212 (30.5) 2073 (30.3) 1375 (24.2) 335(35.2)
Use of an insulin pump 84 (9.4) 1013 (20.6) 90 (13.0) 53(0.8) 71(1.3) 8(0.8)
Insulin regimen
Short-acting insulin 81(9.0) 554 (11.2) 53(7.6) 298 (4.4) 345 (6.1) 57 (6.0)
Long-acting insulin 33(3.7) 88(1.8) 13(1.9) 2164 (31.6) 1125(19.8) 207 (21.7)
Short- and long-acting 636 (71.0) 3524 (71.5) 532(76.7) 2380 (34.8) 2679 (47.2) 378 (39.7)
insulin
Other insulins 146 (16.3) 760 (15.4) 96 (13.8) 1996 (29.2) 1529 (26.9) 310 (32.6)
Geographical area(s)
Northern Europe/Canada 229 (25.6) 1401 (28.4) 136 (19.6) 1746 (25.5) 1153 (20.3) 141 (14.8)
Eastern Europe 253 (28.2) 2197 (44.6) 294 (42.4) 1353 (19.8) 2451 (43.2) 322 (33.8)
Latin America 47 (5.2) 289 (5.9) 61(8.8) 636 (9.3) 420 (7.4) 98(10.3)
South East Asia 83(9.3) 63(1.3) 8(1.2) 1570 (23.0) 549 (9.7) 175 (18.4)
Middle East 231 (25.8) 582 (11.8) 122 (17.6) 1349 (19.7) 788 (13.9) 177 (18.6)
Russia 53(5.9) 394 (8.0) 73(10.5) 184 (2.7) 317 (5.6) 39 (4.1)

Abbreviations: CGM, continuous glucose monitoring; F, female; IQR, interquartile range; N, number.
2N of participants with at least one type of hypoglycaemic episode (i.e. at least one severe or one non-severe hypoglycaemic episode). The number of
individuals reporting both types of hypoglycaemic episodes was 1121 (567 individuals with type 1 diabetes and 554 with type 2 diabetes).

severe (1.79) hypoglycaemia were observed in Latin America, while the
lowest rates were in South East Asia (1.06 and 0.16, respectively). In
T2D, the highest rates were observed in Russia for non-severe hypogly-
caemia (2.06) and in Russia and Latin America for severe hypoglycaemia
(0.39), while the lowest rates were in South East Asia (0.70) and North-
ern Europe/Canada (0.19), respectively.

3.3 | Risk factors of hypoglycaemia

Associations of each risk factor are shown in Figure S2 for total hypo-
glycaemic episodes and in Figure 2 for severe and non-severe
hypoglycaemia. Adjusting for other confounders, older age was asso-
ciated with slightly reduced rates of both non-severe and severe
hypoglycaemia in T1D (4% and 7% adjusted rate reduction per 1 year
older, respectively) and T2D (5% and 7%, respectively) (Figure 2).
Compared with males, females with T1D reported higher rates of

non-severe (1.3-fold) and severe (1.6-fold) hypoglycaemia; conversely,

in T2D, the rates were similar between males and females for non-
severe and higher in females for severe (1.5-fold) hypoglycaemia. In
both patients with T1D and T2D, there was no statistically significant
association between duration of diabetes and severe or non-severe
hypoglycaemia. A longer duration of insulin treatment was associated
with higher rates of non-severe and severe hypoglycaemia in both
T1D (adjusted RR per 5-year longer duration: 1.09 [95% CI:
1.02-1.15] and 1.22 [1.00-1.49], respectively) and T2D (1.10 [95% ClI:
1.05-1.15] and 1.18 [1.07-1.31], respectively). In both T1D and T2D,
there was no clear evidence of an association between HbAlc and
non-severe or severe hypoglycaemia. Compared with no episode, a
previous hypoglycaemic episode was associated with higher rates of
both non-severe (adjusted RR: 2.48 [95% CI: 2.20-2.80] in T1D and
2.64 [2.40-2.91] in T2D) and severe (3.01 [2.20-4.12] and 2.87
[2.32-3.54], respectively) hypoglycaemia. The use of a CGM was asso-
ciated with increased rates of both non-severe (adjusted RR: 1.13
[95% Cl: 1.02-1.26]) and severe (1.44 [1.17-1.78]) hypoglycaemia only
in T2D, while the use of an insulin pump was associated with greater
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Type of No. of
Group hypoglycaemic hypoglycaemic
(no. of participants) episode episodes Rate (95% ClI)
All (5949) NonS 33114 ] 5.57 (5.51, 5.63)
Sev 5570 | 0.94 (0.91, 0.96)
Female (3229) NonS 20 689 ] 6.41 (6.32, 6.50)
Sev 3678 | 1.14 (1.10, 1.18)
Male (2720) NonS 12425 | 4.57 (4.49, 4.65)
Sev 1892 | 0.70 (0.66, 0.73)
Previous hypo event - No (884) NonS 2020 = 2.29 (2.19,2.39)
Sev 300 | 0.34 (0.30, 0.38)
Previous hypo event - Yes (5065) NonS 31094 | 6.14 (6.07, 6.21)
Sev 5270 | 1.04 (1.01, 1.07)
Use of CGM - No (4439) NonS 24724 u 5.57 (5.50, 5.64)
Sev 3982 | 0.90 (0.87, 0.93)
Use of CGM - Yes (1510) NonS 8390  J 5.56 (5.44, 5.68)
Sev 1588 ] 1.05 (1.00, 1.10)
Use of insulin pump - No (4846) NonS 24 039 | 4.96 (4.90, 5.02)
Sev 4590 ] 0.95 (0.92, 0.97)
Use of insulin pump - Yes (1103) NonS 9075 : 8.23 (8.06, 8.40)
Sev 980 ] 0.89 (0.83, 0.95)
Short-acting insulin (645) NonS 4797 - 7.44 (7.23,7.65)
Sev 513 ] 0.80 (0.73, 0.87)
Long-acting insulin (125) NonS 478 —— 3.82 (3.49,4.18)
Sev 123 L = 0.98 (0.82, 1.17)
Short-and long-acting insulin (4252) NonS 21900 | 5.15 (5.08, 5.22)
Sev 4150 | 0.98 (0.95, 1.01)
Other insulins (927) NonS 5939 . 6.41 (6.24, 6.57)
Sev 784 | 0.85 (0.79, 0.91)
Northern Europe/Canada (1650) NonS 10 800 3 6.55 (6.42, 6.67)
Sev 1265 | 0.77 (0.72,0.81)
Eastern Europe (2497) NonS 13199 | ] 5.29 (5.20, 5.38)
Sev 2327 u 0.93 (0.89, 0.97)
Latin America (345) NonS 2416 —— 7.00 (6.73, 7.29)
Sev 616 1.79 (1.65, 1.93)
South East Asia (148) NonS 157 L = 1.06 (0.90, 1.24)
Sev 24 ] 0.16 (0.10, 0.24)
Middle East (856) NonS 4151 L 5 4.85 (4.70, 5.00)
Sev 783 ] 0.91 (0.85, 0.98)
Russia (453) NonS 2391 - 5.28 (5.07, 5.49)
Sev 555 = 1.23 (1.13,1.33)

Crude rate T1D, per person (prospective 4 wk)

FIGURE 1

Number and rate of severe and non-severe hypoglycaemic episodes. Blue square: severe hypoglycaemia (Sev); red square: non-

severe hypoglycaemia (NonS). Bars indicate 95% Cls. CGM, continuous glucose monitoring; Cl, confidence interval; hypo, hypoglycaemic; T1D,

type 1 diabetes; T2D, type 2 diabetes.

rates only for non-severe hypoglycaemia, in both TiD (1.74
[1.50-2.02]) and T2D (2.26 [1.46-3.51]). For both non-severe and
severe hypoglycaemia, there was no evidence of increased rates
across insulin regimens in T1D; conversely, compared with short-
acting insulin, in T2D, long-acting insulin was associated with reduced
rates of both non-severe (adjusted RR: 0.76 [95% Cl: 0.61-0.94]) and

severe (0.50 [0.32-0.80]) hypoglycaemia, and other insulins with
reduced rates of severe hypoglycaemia (0.61 [0.40-0.94]). In T1D,
compared with Northern Europe/Canada, rates of non-severe hypo-
glycaemia were lower for Eastern Europe (adjusted RR: 0.85 [95% Cl:
0.79-0.92]), South East Asia (0.21 [0.14-0.30]), the Middle East (0.77
[0.69-0.86]) and Russia (0.82 [0.72-0.92]), but higher for Latin America
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All (12 914) NonS 18 050
Sev 3856 |
Female (6144)  Nons 982 |
Sev 2280 |
Male (6770) NonS 8668
Sev 1576 |
Previous hypo event-No (5968) ~ Nons 3913 | . B "N
Sev 867 |
Previous hypo event - Yes (6946) NonS 14 137
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Sev 313 E
Long-acting insulin (3398) NonS 3043
Sev 657 |
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Sev 1862 |
Other insulins (3677) NonS 4447
Sev 1024 |
“Northern Europe/Canada (2946)  NonS 3670 | -
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FIGURE 1 (Continued)

(1.18 [1.04-1.35]); for severe hypoglycaemia, the rates were lower for
South East Asia (0.21 [0.09-0.47]) and higher for Latin America (2.37
[1.57-3.56]). In T2D, the rates of non-severe hypoglycaemia were
higher for Eastern Europe (adjusted RR: 1.66 [1.49-1.85]), Latin Amer-
ica (1.28 [1.06-1.55]) and Russia (1.57 [1.34-1.83]), but lower for
South East Asia (0.73 [0.62-0.87]); while for severe hypoglycaemia
they were higher for Eastern Europe (1.48 [1.12-1.95]), Latin America
(1.92 [1.22-3.03]) and South East Asia (1.42 [1.01-2.02]).

3.4 | Comparing risk factors across different types
of hypoglycaemia

In both T1D and T2D, the magnitudes of the associations with severe
and non-severe hypoglycaemia were similar for most of the investi-
gated risk factors, including age, duration of diabetes and of insulin
therapy, previous hypoglycaemic episode and insulin regimen
(Figure 3). However, in T1D, the ratio of RR was 0.53 (95% ClI:
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FIGURE 2 Association of risk factors across types of hypoglycaemic episode. Blue square: severe hypoglycaemia (Sev); red square: non-
severe hypoglycaemia (NonS). Bars indicate 95% Cls. Estimates are mutually adjusted for the risk factors shown in the forest plot. References:
age (unit increase); male; diabetes duration (per 5-unit increase); insulin therapy duration (per 5-unit increase), HbA1c (per 1-percentage point
increase); no previous hypoglycaemic event; no use of a CGM; no use of an insulin pump; short-acting insulin; Northern Europe/Canada. CGM,
continuous glucose monitoring; Cl, confidence interval; hypo, hypoglycaemic; Rx, therapy.
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FIGURE 3 Relative association of risk factors with severe versus non-severe hypoglycaemia. The plot shows the ratio of the rate ratios
(severe/non-severe) shown in Figure 2. Bars indicate 95% Cls. P-int: P value for interaction. References: age (unit increase); male; diabetes
duration (per 5-unit increase); insulin therapy duration (per 5-unit increase), HbA1c (per 1-percentage point increase); no previous hypoglycaemic
event; no use of a CGM; no use of an insulin pump; short-acting insulin; Northern Europe/Canada. CGM, continuous glucose monitoring; Cl,

confidence interval; hypo, hypoglycaemic; Rx, therapy.

0.34-0.85) for insulin pump, indicating a 47% relative reduction in the
magnitude of the association of insulin pump with severe (RR, 0.93;
Figure 2) than (RR, 1.74) hypoglycaemia
(i.e. 0.93/1.74 = 0.53). Conversely, ratios of RR were 1.44 (95% Cl:
1.09-1.92), 2.00 (1.30-3.07), 1.59 (1.10-2.29) and 1.73 (1.16-2.56) for
the Middle East and Russia,

non-severe

Eastern Europe, Latin America,

respectively, indicating associations of greater magnitude for severe
than for non-severe hypoglycaemia. In T2D, associations of magni-
tude greater for severe than for non-severe hypoglycaemia were
observed for female sex (1.42 [95% Cl: 1.16-1.74]), the use of a CGM
(1.27 [1.00-1.61]) and in South East Asia (1.94 [1.32-2.86]); con-

versely, an association of marginally lower magnitude for severe than
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for non-severe hypoglycaemia was observed for higher values of
HbA1c (0.99 [0.98-0.99]).

4 | DISCUSSION

This is one of the largest prospective studies assessing the impact of
potential risk factors simultaneously on severe and non-severe hypo-
glycaemia in the same insulin-using global patient population. We
found higher rates of non-severe than severe hypoglycaemia in both
T1D and T2D; however, this difference was more evident in T1D.
Both rates—which varied by geographical area—were higher in
females than in males, and in those with a longer duration of insulin
therapy and with a previous hypoglycaemic episode. The use of a
CGM was associated with higher rates of both severe and non-severe
hypoglycaemia in T2D, while the use of an insulin pump was associ-
ated with higher rates of non-severe hypoglycaemia in both T1D and
T2D, suggesting a possible indication bias. The magnitude of the asso-
ciation of risk factors with severe versus non-severe hypoglycaemia
was different for the use of an insulin pump, in T1D; sex and the use
of a CGM, in T2D; and geographical areas, in both T1D and T2D.

To the best of our knowledge, no previous study based on real-
world, prospective data has specifically and formally compared risk
factors for severe versus non-severe hypoglycaemia in adults by dia-
betes status across this wide geography. However, some of the fac-
tors we identified confirm previous findings. In the ORIGIN
randomized controlled trials, including patients with new-onset T2D,
younger age, lower BMI and higher baseline HbAlc levels were asso-
ciated with non-severe hypoglycaemia, while older age, hypertension,
higher serum creatinine level and lower cognitive function were asso-
ciated with severe hypoglycaemia.?° Similarly, the ARIC study identi-
fied older age, Black race, the use of diabetes medications, glycaemic
control, macroalbuminuria and poor cognitive function as risk factors
for severe hypoglycaemia in a large primary care cohort followed for
15 years.'® In a retrospective cohort analysis of 50 439 patients with
T2D receiving care in the Cleveland Clinic Health System, the use of
insulin or sulphonylureas, an increased number of diabetes medica-
tions, a history of non-severe hypoglycaemia, HbAlc less than 6%,
Black race and increased Charlson co-morbidity index, were each
associated with increased odds for severe hypoglycaemia, whereas
higher BMI and the use of metformin, dipeptidyl peptidase-4 inhibi-
tors and glucagon-like peptide-1 receptor agonists were associated
with lower odds of hypoglycaemia.l” Although some of our findings
are consistent with those of previous studies—such as the role of age,
gender, diabetes duration and insulin treatment duration—our study
was based on a very large prospective cohort and we additionally evi-
denced the role of diabetes type and geographical location in the
development of non-severe and severe hypoglycaemia. We were also
able to identify shared and unique risk factors for severe and non-
severe hypoglycaemia using the same cohort and to identify potential
risk factors that were heterogeneously associated with the rates of

severe compared with non-severe hypoglycaemia.

The development of non-severe and severe hypoglycaemia is
complex and influenced by multiple factors, including sociodemo-
graphic characteristics, co-morbidities, diabetes management and
medication. Although older age has been shown to be associated with

18,20

an increased risk of hypoglycaemia in previous studies, our find-

ings and those of other studies'?2%2¢

suggest that younger age may
be a potential risk factor for non-severe hypoglycaemia. The associa-
tion between younger age and increased rates of hypoglycaemia may
reflect (i) lifestyles and behaviours (e.g. increased physical activity
and/or exercise, alcohol consumption and irregular eating patterns)
that promote hypoglycaemia®’; and (i) the fact that older adults may
under-report the frequency of hypoglycaemic episodes attributable to
changes in symptoms of hypoglycaemia.?®2?? The increased rates of
hypoglycaemia in females may reflect their higher insulin sensitivity,
lower fasting glucose levels, prolonged gut glucose absorption, hor-
monal fluctuations and lower counter-regulatory responses to hypo-
glycaemia.*® As expected, our results showed that participants with
T1D were more probable to experience both non-severe and severe
hypoglycaemic events. The reasons for this include the lack of insulin
production and dependence on insulin, insulin requirements depen-
dent on diet, and impaired awareness of hypoglycaemic symptoms,
particularly for T1D with a long disease duration.>*? The lack of an
association of HbA1c levels with both non-severe and severe hypo-
glycaemia mirrors several real-world and prospective data analyses,
such as a trend analysis based on a large cohort of more than 37 000
participants, which concluded that the relationship between HbAlc
and diabetes has diminished in recent years®; this is probably
because, in recent times, patients are titrated to the limit of hypogly-
caemia.’® The increased rates of non-severe and severe hypoglycae-
mia associated with a longer duration of insulin treatment duration
may reflect the progressive nature of diabetes, with reduced insulin
production over time with reduced C-peptide, which is associated
with a concomitant requirement for more intensive insulin regimens,
as well as impaired hormonal counter-regulation.®*3> The rates of
non-severe and severe hypoglycaemia varied across regions, particu-
larly in T1D patients. These findings may reflect differences in factors
such as diabetes management and self-monitoring of hypoglycaemia,
as well as knowledge and awareness of hypoglycaemia.?®

Our findings suggest that (i) some risk factors may be common to
both severe and non-severe hypoglycaemia; and (ii) other factors may
play a more specific role in the development of one or the other type
as more strongly associated with one type of hypoglycaemia than the
other. These findings extend the growing body of evidence on
the potential role of various putative risk factors for non-severe and
severe hypoglycaemia and have important implications for the man-
agement of diabetes and the prevention of overall hypoglycaemia.
The findings also highlight the fact that non-severe and severe hypo-
glycaemia tend to occur in different situations and need to be evalu-
ated separately. The identification of common risk factors for both
severe and non-severe hypoglycaemia highlights the importance of
careful monitoring of blood glucose levels and adjusting insulin doses

or treatment plans in these specific population groups to help reduce
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the risk of any hypoglycaemia, while maintaining target glucose levels.
The identification of risk factors that are more strongly associated
with one type of hypoglycaemia than the other will guide the develop-
ment of personalized treatment plans for patients with diabetes, as
well as targeted interventions to prevent and manage specific types
of hypoglycaemia.

In addition to the use of a single cohort to simultaneously compare
risk factors for both severe and non-severe hypoglycaemia in patients
with T1D and T2D, the other strengths of this study include (i) the large
and geographically diverse population studied, which offered the possi-
bility to explore the impact of geographical location on hypoglycaemic
events; and (i) the prospectively defined data collection using diaries,
to provide enough events allowing the comparison of non-severe and
severe hypoglycaemia and reduce recall bias. Several limitations
deserve consideration, including (i) biases associated with the use of an
observational cohort design; (i) the likelihood of selection bias because
of participants' willingness to participate; (iii) the use of self-reported
patient questionnaires could have introduced biases; (iv) the lack of
data on potential risk factors such as BMI, the socioeconomic level of
participants, ethnicity or education related to diabetes management;
(v) data were collected in the HAT study more than 10 years ago, and
the availability of newer insulins alongside a larger utilization of CGMs
and insulin pumps in more recent years should be considered when
interpreting the overall burden of hypoglycaemia; however, this limita-
tion might not affect the conclusions, as we have accounted for these
confounders in the analyses; and lastly, (vi) because severe and non-
severe hypoglycaemia may be considered as two different levels of the
same underlying pathophysiological phenomenon, their differentiation
is not always straightforward.

In conclusion, some risk factors may be common to both
non-severe and severe hypoglycaemia; however, the magnitude of
associations differs between T1D and T2D and the severity of hypo-
glycaemia. These observations may be important in developing tar-
geted individualized interventions to prevent and manage overall

hypoglycaemia.
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