i | University
OPEN ) ACCESS of Dundee

University of Dundee

Hypoglycaemia in type 2 diabetes treated with pre-mixed insulin

Idris, Iskandar; Annamalai, Narayan; Aung, Theingi; Binnian, lan; Gibb, Fraser W.; Malik,
Mohammed Igbal Afzal

Published in:
Diabetic Medicine

DOIl:
10.1111/dme.14684

Publication date:
2022

Licence:
CC BY-NC-ND

Document Version
Publisher's PDF, also known as Version of record

Link to publication in Discovery Research Portal

Citation for published version (APA):

Idris, I., Annamalai, N., Aung, T., Binnian, I., Gibb, F. W., Malik, M. I. A., & Ramtoola, S. (2022). Hypoglycaemia
in type 2 diabetes treated with pre-mixed insulin. Diabetic Medicine, 39(2), [e14684].
https://doi.org/10.1111/dme.14684

General rights

Copyright and moral rights for the publications made accessible in Discovery Research Portal are retained by the authors and/or other
copyright owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with
these rights.

« Users may download and print one copy of any publication from Discovery Research Portal for the purpose of private study or research.
« You may not further distribute the material or use it for any profit-making activity or commercial gain.
* You may freely distribute the URL identifying the publication in the public portal.

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 24. Apr. 2022


https://doi.org/10.1111/dme.14684
https://discovery.dundee.ac.uk/en/publications/46c6649d-2503-485d-8291-3cb05bb8f359
https://doi.org/10.1111/dme.14684

Received: 26 February 2021 Accepted: 30 August 2021

DOI: 10.1111/dme.14684

LETTER

DIABETIC

Hypoglycaemia in type 2 diabetes treated with pre-mixed

insulin

The burden of hypoglycaemia in type 2 diabetes is increas-
ingly recognised, regardless of the treatment regimen.'™
However, time in hypoglycaemia for individuals with type
2 diabetes who use pre-mixed (biphasic) insulin remains
unclear. The aim of our prospective, open-label, single arm,
pilot, observational study was to determine the amount
of time individuals in this cohort spent in hypoglycae-
mia (ISRCTN 10603608). The primary endpoint was sen-
sor derived time in hypoglycaemia (TBR, <3.9 mmol/L).
Secondary endpoints included; time above range (TAR,
>10.0 mmol/L), time in range (TIR, 3.9-10.0 mmol/L), stan-
dard deviation (SD), coefficient of variation (CV) glucose,
and estimated Alc (calculated from sensor glucose data).
Eligible participants were adults with type 2 diabetes on
pre-mixed insulin for >6 months prior to enrolment with
an HbA,, <58 mmol/mol (7.5%). HbA,. was measured at
baseline (day 1) and study end (day 14). Participants wore a
professional continuous glucose monitoring (CGM) system
(FreeStyle Libre Pro Abbott, Diabetes Care) for 14 days con-
tinuing usual daily activities and using their personal device
for self-monitoring of blood glucose (SMBG). Sensors were
removed and sensor data were uploaded for study outcomes
analysis and were not clinically reviewed. Informed, written
consent was given by all participants.

Data from 12 study sites (eight primary, four sec-
ondary care) and 41 individuals (n = 41/43, 2 sensors
collecting <72 h of data were excluded) were used for
glycaemic analysis and from 43 individuals for the safety
analysis. Baseline values for study participants were; age
68.8 + 8.3 years, HbA,, 52 + 8.3 mmol/mol (6.9 + 0.8%),
BMI 35.0 + 9.2 kg/m® pre-mixed insulin use duration
6.8 + 4.8 years, 65.1% (28/43) participants used non-
insulin anti-diabetes medication, SMBG testing 1.9 + 1.1/
day and 65.1% were males (mean + SD).

TBR (<3.9 mmol/L) was 1.35 + 1.56 h/day (mean + SD
[median 0.66]) including 0.82 + 1.06 at night (23:00 to
06:00). TBR occurred in 34 (82.9%) participants and TBR
>1 h/day (4%) in 17 (41%) participants (Table 1). TBR
was associated with baseline HbA,, <53 mmol/mol (7%)
compared to >53 mmol/mol (7%), p-value, multiway

ANOVA, 0.006. No association with TBR for age (<65 and
>65 years), BMI (<30 kg/m? and >30 kg/m?), duration of
diabetes (<16 and >16 years), sex, higher daily insulin
doses, and insulin units/kg of body weight was observed.

Mean TIR was 19.1 h/day (79.6%); 13.3 h (78.5%)
during waking hours (06:00 to 23:00) and 5.8 h (82.2%)
at night, <70% TIR was observed in 7 (17%) participants.
Mean TAR (>10.0 mmol/L) was 3.55 h/day including
3.15 h during waking hours, >25% TAR was observed
in 8/41 (20%) participants. For glucose variability, mean
SD was 2.3 mmol/L, (2.2 mmol/L day, 1.8 mmol/L night)
while CV was 31.2% and similar during day/night.

Study end HbA,, was 52 + 7.6 mmol/mol (mean + SD
[6.9 + 0.7%]). Overall, estimated Alc was 44 mmol/mol
(6.2%), 47 mmol/mol (6.5%) for daytime and 37 mmol/mol
(5.6%) at night. Glucose Management Indicator was 6.5%
(47 mmol/mol) overall, 6.6% (49 mmol/mol) daytime and
6.0% (42 mmol/mol) nighttime).

There were no serious adverse or unanticipated ad-
verse events related to the device or study procedure. The
minimal mild symptoms relating to sensor insertion/
wear were typical of medical adhesive use in diabetes
technology.

Knowledge of clinically applicable CGM glycaemic
metrics arising from pre-mixed insulin use are largely un-
reported outside of efficacy and safety trials. International
Consensus Guidelines for Time in Range (IC-TiR) recom-
mended an optimal percentage of time spent in, above or
below range.4 Our analysis revealed a mean TBR of 81 min
day (5.6%), higher than the IC-TiR recommended <60 min
(4%). Comparative reported hypoglycaemia data in a sim-
ilar population with CGM are sparse.””’ A 2015 meta-
analysis of population-based studies of type 2 diabetes
(excluding pharmacological trials) reported a prevalence
of 45% for mild/moderate hypoglycaemia in type 2 diabe-
tes with insulin treatment, broadly similar to the global
HAT study (>46.5%)" In the current study, almost 83% of
participants spent time in level 1 hypoglycaemia* most of
which (60% or 49 min) was at night (23.00-06.00 h). The
findings from the recent global HAT study” confirmed
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TABLE 1 Glycaemic measures

Night

Glycaemic measure 24h Day (06:00-23:00) (23:00-06:00)
Time spent (h/day)
<3.9 mmol/L

Mean 1.35 0.51 0.82

SD 1.56 0.62 1.06

25th percentile 0.13 0.02 0.04

Median 0.66 0.29 0.25

75th percentile 2.01 0.93 1.45

95% confidence interval 0.85t0 1.84 0.31t00.71 0.49 to 1.16
Time spent (%)
<3.9 mmol/L

Mean 5.6 3.0 11.8

SD 6.5 3.6 15.1

25th percentile 0.5 0.1 0.5

Median 2.8 1.7 3.6

75th percentile 8.4 5.5 20.7

95% confidence interval 3.6t07.7 1.8t04.1 7.0 to 16.5
Time spent (h/day)
<3.0 mmol/L

Mean 0.02 0.00 0.01

SD 0.05 0.02 0.05

25th percentile 0.00 0.00 0.00

Median 0.00 0.00 0.00

75th percentile 0.00 0.00 0.00

95% confidence interval 0.00 to 0.03 0.00 to 0.01 0.00 to 0.03
Time spent (%)
<3.0 mmol/L

Mean 0.1 0.0 0.2

SD 0.2 0.1 0.6

25th percentile 0.0 0.0 0.0

Median 0.0 0.0 0.0

75th percentile 0.0 0.0 0.0

95% confidence interval 0.0to 0.1 0.0to 0.1 0.0 to 0.4
Time spent (h/day)
>10 mmol/L

Mean 3.55 3.15 0.42

SD 3.07 2.83 0.51

25th percentile 1.29 1.09 0.00

Median 2.58 2.02 0.22

75th percentile 4.97 4.52 0.54

95% confidence interval 2.58 to 4.52 2.25t04.04 0.26 to 0.58
Time spent (%)
>10 mmol/L

Mean 14.8 18.5 6.0

SD 12.8 16.7 7.3

(Continued)
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TABLE 1 (Continued)

Glycaemic measure 24h
25th percentile 5.4
Median 10.8
75th percentile 20.7
95% confidence interval 10.8 to 18.8
Time in range (h/day)
3.9-10 mmol/L
Mean 19.1
SD 3.0
25th percentile 17.9
Median 19.8
75th percentile 214
95% confidence interval 18.2 t0 20.0
Time in range (%)
3.9-10 mmol/L
Mean 79.6
SD 12.4
25th percentile 74.5
Median 82.6
75th percentile 89.1
95% confidence interval 75.7 to 83.5
Mean glucose (mg/dl)
Mean 131.8
SD 22.2
25th percentile 117.2
Median 129.4
75th percentile 145.6

95% confidence interval 124.8 t0 138.8

Mean glucose (mmol/L)

Mean 7.3
SD 1.2
25th percentile 6.5
Median 7.2
75th percentile 8.1

95% confidence interval 6.9 to 7.7

that hypoglycaemia may be present at any level of glucose
control.® Our findings are especially pertinent in this older
cohort at increased risk of hypoglycaemia. The IC-TiR
recommendation is <15 min or 1% TBR in 24 h for these
individuals.*

Observed CV was within the IC-TiR recommended
target,* however, both CV and SD of glucose are higher
than reported findings for basal bolus insulin use in type
2 diabetes.”'°

The difference in the observed HbA,, and eAlc val-
ues should be interpreted with caution as the eAlc

DIABETIC I

Night

Day (06:00-23:00) (23:00-06:00)

6.4 0.0

11.9 3.1

26.6 7.7
13.3t0 23.8 3.7t08.3
13.3 5.8

2.7 1.1

12.1 53

14.2 6.1

15.3 6.6
12.5t0 14.2 54to06.1
78.5 82.2

15.8 15.2
71.4 75.4
83.4 86.8

89.8 93.7
73.5t083.5 77.4 t0 87.0
139.6 113.0
25.2 21.9
122.2 94.8
131.9 113.7
151.3 130.9

131.7 to 147.6 106.1 to 119.9

7.7 6.3
1.4 1.2
6.8 5.3
7.3 6.3
8.4 7.3
7.3t08.2 5.9t06.7

measurement was calculated using CGM data during the
14-day sensor wear. Although these two measurements
may not exactly concur, previous studies have reported
reasonable correlations, with eAlc value being clinically
useful and offering an awareness of trends and what a fu-
ture laboratory-measured HbA,. might be.'"*?

The generalisability of findings is restricted to well-
controlled type 2 diabetes managed with a biphasic insulin
regimen, 65.1% of whom were also receiving non-insulin
anti diabetes medication. The impact of bi-phasic insulin
and non-insulin anti-diabetes medication on glucose profile
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and patterns were, however, not able to be analysed due to
the observational nature of this study and hence outside the
remit of this study. However, the inclusion of primary and
secondary care sites utilising biphasic insulin within rou-
tine practice highlights the potential ease of CGM technol-
ogy utilisation in specialist and non-specialist clinics.

Our finding highlights a continuing risk of level 1 hy-
poglycaemia in individuals with type 2 diabetes using pre-
mixed insulin and who have an HbA, at target levels. The
use of professional or real-time CGM may be an invalu-
able tool to identify hypoglycaemia risk and review treat-
ment in this population.
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