J DI Journal of Diabetes Investigation Open access ,
Official Journal of the Asian Association for the Study of Diabetes %\&Fﬁb\, Q‘;{&*’
ORIGINAL ARTICLE

Relationship between glycated hemoglobin
level and duration of hypoglycemia in type 2
diabetes patients treated with sulfonylureas: A
multicenter cross-sectional study

Atsuko Matsuoka', Yushi Hirota" (), Akihiko Takeda? Minoru Kishi?, Naoko Hashimoto®, Takeshi Ohara®, Satomi Higo®,
Hiroyuki Yamada®, Tomoaki Nakamura®, Tetsushi Hamaguchi', Takehito Takeuchi', Yasushi Nakagawa', Yuko Okada'(®),
Kazuhiko Sakaguchi'(®), Wataru Ogawa'

"Division of Diabetes and Endocrinology, Department of Internal Medicine, Kobe University Graduate School of Medicine, Division of Diabetes and Metabolism, Shinko Hospital,
Kobe, Division of Internal Medicine, Nishiwaki Municipal Hospital, Nishiwaki, “Division of Diabetes and Endocrinology, Hyogo Brain and Heart Center, Himeji, *Division of Internal
Medicine, Rokko Island Konan Hospital, and ®Division of Diabetes, Kobe Rosai Hospital, Kobe, Hyogo, Japan

Keywords
Continuous glucose monitoring,
Hypoglycemia, Sulfonylureas

*Correspondence
Yushi Hirota

Tel: +81-78-382-5861
Fax: +81-78-382-2080
E-mail address:
hirota@med kobe-u.acjp

J Diabetes Investig 2020; 11: 417-425
doi: 10.1111/jdi.13132
Clinical Trial Registry

UMIN Clinical Trials Registry
UMIN000025284

INTRODUCTION

ABSTRACT

Aims/Introduction: Sulfonylurea-related hypoglycemia increases the risk of cardiovas-
cular sequela, such as cardiac arrhythmia. This study aimed to clarify the relationship
between the level of glycated hemoglobin (HbA;.) and the duration of hypoglycemia in
type 2 diabetes patients treated with sulfonylureas.

Materials and Methods: Glucose levels in the enrolled patients (n = 300) were inves-
tigated with a professional continuous glucose monitoring device in the outpatient setting
at six diabetes centers in Japan.

Results: A total of 269 participants completed the study. The duration of hypoglycemia
with glucose values of <54 mg/dL was significantly longer in patients with an HoA,. level
of <64% than in those with an HbA,. level of >80%, and that of hypoglycemia with glu-
cose values of <70 mg/dL was significantly longer in patients with an HbA;. level of
<64%, 6.5-6.9% or 7.0-74% than in those with an HbA,. level of >8.0%. Patients with an
HbA, . level of <64% were exposed to glucose values of <70 mg/dL for >10% of the time
in daily life (6.8 £ 5.6 min/h). The duration of hypoglycemia with glucose values of

<70 mg/dL was longer at night than during the daytime, and the nadir of glucose values
occurred between 03.00 and 05.00 hours irrespective of HbA. level. The duration of
hypoglycemia was associated with the duration of diabetes and sulfonylurea dose.
Conclusions: The duration of hypoglycemia was inversely correlated with HbA, . level
and was longer during the night-time than daytime in type 2 diabetes patients treated
with sulfonylureas.

Sulfonylureas, the oldest class of oral glucose-lowering drugs,

Hypoglycemia is one of the most frequent adverse events
in the treatment of diabetes. It not only triggers unpleasant
symptoms and, in severe cases, disturbed consciousness,
but also exerts exacerbating effects on various conditions
associated with diabetes, including microvascular complica-
tions, cardiovascular events, cognitive disorders and short-
ening of lifespan'~.
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are still widely administered around the world because of their
potent glucose-lowering effect and low cost. These drugs fre-
quently trigger hypoglycemia, however, particularly in individu-
als with low levels of glycated hemoglobin (HbA,)*". Evidence
suggests that sulfonylurea-related hypoglycemia increases the
risk of cardiovascular sequela, such as cardiac arrhythmia®. A
large database analysis showed that the lowest hazard ratio for
mortality was apparent at an HbA;. level of approximately
75% for patients with type 2 diabetes treated with
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sulfonylureas, with lower levels of HbA, . being associated with
increased mortality’, suggesting that sulfonylurea-induced hypo-
glycemia occurs more frequently in individuals with lower levels
of HbA;. and leads to the increase in mortality. Information
on the relationship between HbA,_ levels and the frequency of
hypoglycemia in patients treated with sulfonylureas is limited,
however.

Continuous glucose monitoring (CGM), which provides a
comprehensive picture of glycemic profile, has brought great
advantages for the evaluation and control of glycemia in dia-
betes patients®. For the evaluation of hypoglycemia, CGM
allows quantitative assessment of the frequency, duration and
severity of the event. Furthermore, such devices are useful for
the detection of unrecognized or nocturnal episodes of hypo-
glycemia”®, which are likely related to unfavorable outcomes
in the treatment of diabetes'"'>. As far as we are aware, how-
ever, the relationship between HbA,. levels and the duration of
hypoglycemia in individuals treated with sulfonylureas has not
been examined with the use of CGM. We therefore designed a
multicenter, cross-sectional study with a large number of study
participants (1 = 300) to gain insight into the relationship
between HbA, levels and the duration of hypoglycemia in sul-
fonylurea-treated type 2 diabetes patients with a professional
CGM system.

METHODS

Study design and participants

This multicenter, cross-sectional study was carried out at six
diabetes centers in Japan. Potentially eligible patients at each
study site were invited to participate in the study. A total of
300 participants who had visited the study sites as outpatients
between September 2017 and January 2018, been diagnosed
with type 2 diabetes, and treated with sulfonylureas, but not
with insulin, were enrolled. Patients were excluded if they were
aged <20 years or had an HbA,. level of >12%. The protocol
for the study was approved by the institutional review boards
of the participating centers, and the study was carried out in
accordance with the Declaration of Helsinki and its amend-
ments. Written informed consent was obtained from all partici-
pants. The study was registered with the University Hospital
Medical Information Network (UMIN000025284).

Procedures

All participants wore a FreeStyle Libre Pro sensor (Abbott Dia-
betes Care, Alameda, CA, USA) for 14 days. We analyzed
CGM data of patients for whom at least 7 days of recorded
data were available. We excluded data for the first day of wear-
ing the device from analysis because of concerns about the
accuracy of the CGM system during this initial period". The
CGM data were analyzed with the use of the device software
(FreeStyle Libre Software, Abbott Diabetes Care; https://www.
myfreestyle.com/provider, accessed 11 April 2016). All partici-
pants were asked to report hypoglycemic events and to evaluate
the pain or itching associated with sensor insertion or wear

http://wileyonlinelibrary.com/journal/jdi

according to a 5-point scale (1, none; 2, almost none; 3, mild;
4, moderate; 5, severe).

Outcomes

The primary outcome of the study was the difference in the
duration of hypoglycemia (<54 or <70 mg/dL) between HbA,.
levels of >8.0% and either <6.4%, 6.5-6.9%, 7.0-7.4% or 7.5—
7.9%. We also analyzed the 24-h glucose profile for each HbA,.
group, the difference in the duration of hypoglycemia (<54 or
<70 mg/dL) between daytime (between 07.00 and 23.00 hours)
and night-time (between 23.00 and 07.00 hours) for each
HbA,. group, and the association between the duration of
hypoglycemia and age, the duration of diabetes, renal function,
body mass index (BMI), diabetic complications, dose of sul-
fonylurea, and concomitant antidiabetic medications. Further-
more, we analyzed the differences in the mean glucose level,
duration of hyperglycemia (>180 mg/dL), time in the target
glucose range (70-<180 mg/dL), standard deviation (SD) of 24-
h glucose values, mean amplitude of glycemic excursions
(MAGE), and the coefficient of variation of glucose levels
between an HbA,. level of >8.0% and the other HbA;. groups.
Safety end-points were the frequency of severe hypoglycemia
(requiring third-party assistance) during CGM wear and symp-
toms related to sensor insertion or wear.

Statistical analysis

We calculated that a sample size of 285 was required to pro-
vide 80% power for detection of a difference between the

Table 1 | Baseline characteristics of the study patients

Characteristic

Male/female 182/87

Age (years) 69.0 £ 107

BMI (kg/m?) 246+ 44

HbA; ¢ (%) 72408

eGFR (mL/min/1.73 m?) 671+ 225

Duration of diabetes (years) 175+ 91

Diabetic retinopathy (none/SDR/ 173/55/7/26/8
PPDR/PDR/unknown)

Diabetic nephropathy (stage 1/2/3/4) 166/75/22/ 6

Diabetic neuropathy 102

Macrovascular complications 69

Gliclazide/glimepiride/glibenclamide 85/168/16

Other antidiabetic agents (DPP-4 inhibitors/
biguanides/ thiazolidinediones/o-glucosidase
inhibitors/SGLT-2 inhibitors/GLP-1
receptor agonists)

224/183/40/78/36/18

Total n = 269. Data are n or mean + standard deviation values. BM|,
body mass index; DPP-4, dipeptidyl peptidase-4; eGFR, estimated
glomerular filtration rate; GLP-1, glucagon-like peptide-1; HbA,, glycated
hemoglobin; PDR, proliferative diabetic retinopathy; PPDR, preprolifera-
tive diabetic retinopathy; SDR, simple diabetic retinopathy; SGLT-2,
sodium—glucose cotransporter 2.
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Figure 1 | Duration of hypoglycemia according to glycated hemoglobin (HbA;J) level. (a) Duration of hypoglycemia with glucose values of
<54 mg/dL. (b) Duration of hypoglycemia with glucose values of <70 mg/dL. (c) Duration of hypoglycemia with glucose values of <54 mg/dL
during the daytime and night-time. Daytime: between 07.00 and 23.00 hours. Night-time: between 23:00 and 07:00 hours. (d) Duration of
hypoglycemia with glucose levels of <70 mg/dL during the daytime and night-time. All data are the mean + standard deviation. *P < 00125,

TP < 005 (unpaired Student's t-test).

highest HbA,. group and the other groups for the primary
end-point with a two-sided significance level of 0.0125
(=0.05/4), as previously described®'*. Allowing for a dropout
rate of 5%, a total of 300 participants was adopted for recruit-
ment. We assessed the primary end-point with the unpaired
Student’s t-test, with a P-value <0.0125 being considered sig-
nificant after application of Bonferroni’s correction. Compar-
ison of daytime and nocturnal hypoglycemia, as well as
comparison of the mean glucose level, duration of hyper-
glycemia, time in the target glucose range, SD of 24-h glucose
values, MAGE and CV of glucose levels among HbA, . groups
were also carried out with the unpaired Student’s t-test, and
with a P-value of <0.05 and <0.0125, respectively, being con-
sidered significant. Analysis of covariance was applied with
adjustment for HbA,. level to compare the duration of hypo-
glycemia between subgroups based on age (>75 vs <75 years),
duration of diabetes (>15 vs <15 years), renal function (esti-
mated glomerular filtration rate [eGFR] of >60 vs <60 mL/

min/1.73 m?), BMI (>25 vs <25 kg/mz), dose of sulfonylurea
(high vs low dose relative to the median) or concomitant
antidiabetic medications (plus vs minus dipeptidyl peptidase-
4 [DPP-4] inhibitors or glucagon-like peptide-1 [GLP-1]
receptor agonists; biguanides; thiazolidinediones; sodium—glu-
cose cotransporter 2 inhibitors; or alpha-glucosidase inhibi-
tors). Mean glucose levels and glycemic variability (SD of 24-
h glucose values, MAGE and CV) were calculated with the
use of EASY GV software (Nuffield Department of Primary
Care Health Sciences, The University of Oxford, Oxford,
UK)". All statistical analysis was carried out with SPSS soft-
ware version 22 (IBM SPSS Statistics, IBM Corp, Armonk,
NY, USA).

RESULTS

Among the 300 enrolled patients, 25 individuals had CGM data
for <7 days, and six lost their CGM sensors. A total of 269
participants who completed the study were thus included in

© 2019 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Figure 2 | Correlation between glycated hemoglobin (HbA;J) level and duration of hypoglycemia. There was an inverse correlation between the
duration of hypoglycemia with glucose levels of (a) <54 mg/dL or (b) <70 mg/dL and HbA1c level after adjustment for age, duration of diabetes,

body mass index and estimated glomerular filtration rate.

the analysis. The baseline characteristics of the participants are
shown in Table 1. A total of 38 (14%), 73 (27%), 69 (26%), 38
(14%) and 51 (19%) patients had HbA,. levels of <6.4%, 6.5-
6.9%, 7.0~7.4%, 7.5-7.9% and >8.0%, respectively. A total of 85,
168 and 16 patients were treated with gliclazide, glimepiride
and glibenclamide, respectively, with total (mean % SD) daily
doses of 273+ 184 mg, 1.1+ 076 mg and 3.3 £ 2.0 mg,
respectively.

The duration of hypoglycemia with glucose levels <54 mg/
dL was 16+22, 06%+23, 04+13 05%15 and
0.1 + 0.2 min/h for patients with HbA,. levels of <6.4%, 6.5—
6.9%, 7.0-7.4%, 7.5-7.9% and >8.0%, respectively, and was
significantly (P < 0.0125) longer in the HbA,. <6.4% group
than in the >8.0% group (Figure la). The duration of hypo-
glycemia with glucose values of <70 mg/dL was 6.8 * 5.6,
26+ 41,18+ 3.2, 1.6 3.3 and 04 £ 0.9 min/h for HbA,,
levels of <6.4%, 6.5-6.9%, 7.0-7.4%, 7.5-7.9% and >8.0%,

respectively, and was significantly (P < 0.0125) longer in the
HbA,. <6.4%, 6.5-6.9% and 7.0-7.4% groups than in the
>8.0% group (Figure 1b). The duration of hypoglycemia with
glucose values of <54 mg/dL (r = —0.198, P < 0.01) or
<70 mg/dL (r = —0.381, P < 0.001) was inversely correlated
with HbA, levels after adjustment for age, duration of dia-
betes, BMI and eGFR (Figure 2).

The duration of hypoglycemia with glucose values of
<54 mg/dL at night-time was significantly (P < 0.05) longer
than that in the daytime for patients with HbA,. levels of
<6.4%, 6.5-6.9% or 7.0-7.4% (Figure 1c), whereas the duration
of hypoglycemia with glucose values of <70 mg/dL at night-
time was significantly longer than that in the daytime for all
HbA,. groups (Figure 1d). The mean 24-h glucose profiles
determined for each HbA,. group are shown in Figure 3. The
nadir of glucose levels was apparent between 03.00 and
05.00 hours irrespective of HbA,. level.
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Figure 3 | The mean 24-h glucose profiles over 24 h according to glycated hemoglobin (HbA;J) level. The nadir of glucose levels was apparent

between 03.00 and 05.00 hours irrespective of HbA;  level.

The duration of hypoglycemia with glucose values <70 mg/
dL tended to be longer in patients aged >75 years than in those
who were younger (3.0 vs 2.2 min/h, P = 0.09) after adjust-
ment for HbA,. levels (Table 2). The duration of hypoglycemia
with glucose values of <54 or <70 mg/dL was significantly
longer in patients with a diabetes duration of >15 years than in
those with a shorter disease duration (0.80 vs 0.29 min/h,
P <0.05, and 3.0 vs 1.7 min/h, P < 0.01, respectively). The
duration of hypoglycemia with glucose values of <70 mg/
dL tended to be longer in patients with an eGFR of
<60 mL/min/1.73 m* than in those with an eGFR of
>60 mL/min/1.73m? (3.1 vs 2.1 min/h, P =0.06). The
duration of hypoglycemia with glucose values of <54 or
<70 mg/dL was similar between patients with a BMI of
<25 or >25 kg/m”. There were no significant differences in
the duration of hypoglycemia between patients with or
without diabetic retinopathy, nephropathy and neuropathy,
as well as macrovascular complications (Table 2).

We also analyzed the relationship between sulfonylurea dose
and the duration of hypoglycemia after adjustment for HbA,.
level (Table 2). Given that the median dose for gliclazide and
glimepiride was 20 and 1 mg/day, respectively, we defined low
and high doses of these drugs as <20 and >20 mg/day for gli-
clazide, and as <1 and >1 mg/day for glimepiride, respectively.
We did not analyze the data for glibenclamide because of the
small number of participants taking this drug. The duration of
hypoglycemia with glucose values <54 or <70 mg/dL was sig-
nificantly longer in patients treated with the high dose of each
drug than in those treated with the low dose (gliclazide and
<54 mg/dL, 0.84 vs 023 min/h, P < 0.05; gliclazide and
<70 mg/dL, 42 vs 1.6 min/h, P <0.01; glimepiride and
<54 mg/dL, 1.5 vs 0.42 min/h, P < 0.01; and glimepiride and
<70 mg/dL, 4.2 vs 1.8 min/h, P < 0.01).

The mean glucose level over a 24-h period was significantly
(P < 0.0125) higher, the duration of hyperglycemia (>180 mg/
dL) was significantly longer and the time in the target glucose
range (70 to <180 mg/dL) was significantly shorter in the
HbA,. >8.0% group than in each of the other four HbA,,
groups (Table 3). The SD of 24-h glucose values and MAGE
were significantly higher, and the CV of glucose levels was sig-
nificantly smaller in the HbA,. >8.0% group than in the <6.4%
and 6.5-6.9% groups (Table 3).

After adjustment for HbA,. levels, the duration of hypo-
glycemia with glucose values of <70 mg/dL was significantly
shorter in patients taking incretin-related agents (DPP-4 inhibi-
tors or GLP-1 receptor agonists) than in those not taking these
drugs (2.3 vs 3.8 min/h, P < 0.05). When DPP-4 inhibitors
and GLP-1 receptor agonists were analyzed independently, no
significant reduction of the duration of hypoglycemia with these
drugs was observed. There were no significant differences in
the duration of hypoglycemia between patients taking or not
taking other concomitant antidiabetic medications (Table 4).

No episodes of severe hypoglycemia were reported by the
study patients. Unrecognized hypoglycemia (glucose of
<70 mg/dL without a self-report of hypoglycemia) occurred in
all patients for whom a glucose value of <70 mg/dL was
recorded at least once (n = 205, 76%). A total of 18 of these
patients also reported hypoglycemia with symptoms.

The wearing time for the sensor was 13.4 + 1.5 days
(mean * SD). A total of 228 (85%) patients reported no pain or
almost no pain during sensor insertion, and 240 (89%) patients
reported no itching or almost no itching during sensor wear.

DISCUSSION
By CGM analysis with a large number of participants, we have
shown here that the duration of hypoglycemia was inversely

© 2019 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 2 | Duration of hypoglycemia according to age, duration of diabetes, estimated glomerular filtration rate, body mass index, sulfonylurea dose
or diabetic complications

Duration (min/h) Duration (min/h) P
Hypoglycemia of <54 mg/dL
Age (years) <75 >75
045 (n = 178) 081 (n =91) 011
Duration of diabetes (years) <15 >15
029 (n = 111) 080 (n = 151) <005
eGFR (mL/min/1.73 m?) <60 >60
064 (n = 94) 055 (n = 171) 068
BMI (kg/m?) <25 >25
065 (n = 68) 045 (n = 199) 038
Gliclazide (mg/day) <20 >20
023 (n = 58) 084 (n = 27) <005
Glimepiride (mg/day) <l >1
042 (n = 130) 15 ( = 38) <001
+) (—)
Diabetic retinopathy 078 (n = 89) 48 (n = 173) 0.18
Diabetic nephropathy 0.50 (n = 103) 061 (n= 66) 058
Diabetic neuropathy 081 (n = 102) 042 (n = 167) 007
Macrovascular complications 057 (n = 69) 054 (n = 200) 089
Hypoglycemia of <70 mg/dL
Age (years) <75 >75
22 (n=1798) 30 (n=97) 009
Duration of diabetes (years) <15 >15
1.7 (n=111) 30 (n = 151) <001
eGFR (mL/min/1.73 m?) <60 >60
31 (0 =94) 21 (=171 006
BMI (kg/m?) <25 >25
26 (n = 68) 22 (n =199 032
Gliclazide (mg/day) <20 >20
16 (n = 58) 42 (n=27) <001
Glimepiride (mg/day) <I >1
18 (n = 130) 42 (n = 38) <001
+) )
Diabetic retinopathy 29 (n = 88) 23 (nh=173) 026
Diabetic nephropathy 28 (n = 103) 2 (n = 166) 026
Diabetic neuropathy 29 (nh =102 22 (n=167) 0.12
Macrovascular complications 25 (n = 69) (n = 200) 0.74

Data are adjusted by glycated hemoglobin level. P < 0.05 was considered significant. BMI, body mass index; eGFR, estimated glomerular filtration rate.
[Correction added on 2 October, after first online publication: Some alignments in the table have been amended]

Table 3 | Mean glucose levels and other glycemic parameters according to glycated hemoglobin level

Parameter <64% 6.5-6.9% 70-74% 75-79% >80%

Mean glucose level (mg/dL) 1183 + 189* 1340 + 169* 1444 + 17.1% 155.7 + 300* 1794 £+ 292
Duration of hyperglycemia (min/h) 55+ 55% 97 + 64* 133+ 70* 175 £ 12.1% 276 £ 121
Duration of euglycemia (min/h) 477 £ 64* 477 £ 7.0* 449 + 7.2% 409 + 114* 319+ 118
SD (mg/dL) 382 + 84* 426 +10.7% 432 + 105 46.1 £ 99 510 £ 131
MAGE (mg/dL) 958 + 236% 1076 + 304* 1103 £ 257 1188 + 268 1236 + 368
CV (%) 327 £ 72 319+ 72 303+ 76 300 £ 60 286 £ 67

Data are mean % standard deviation (SD). *P < 00125 versus glycated hemoglobin level of >8.0% (unpaired Student’s t-test). CV, coefficient of varia-
tion; MAGE, mean amplitude of glycemic excursions.

422 J Diabetes Investig Vol. 11 No. 2 March 2020 © 2019 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 4 | Duration of hypoglycemia according to concomitant antidiabetic medications

Duration (min/h) Duration (min/h) P
S ()
Hypoglycemia of <54 mg/dL
Incretin-related agents (DPP-4 inhibitors or GLP-1 receptor agonists)f 054 (n = 241) 082 (n = 28) 042
DPP-4 inhibitors 055 (n = 224) 067 (n = 45) 067
GLP-1 receptor agonists 040 (n = 18) 058 (n = 251) 066
Biguanides 063 (n = 183) 043 (n = 86) 038
Thiazolidinediones 044 (n = 40) 059 (n = 229) 060
SGLT-2 inhibitors 037 (n = 36) 06 (n = 233) 047
Alpha-glucosidase inhibitors 041 (n =78 063 (n = 191) 033
Hypoglycemia of <70 mg/dL
Incretin-related agents (DPP-4 inhibitors or GLP-1 receptor agonists)t 23 (n=241) 38 (n =28 <005
DPP-4 inhibitors 23 (n = 224) 32 (n =45 0.15
GLP-1 receptor agonists 21 (=18 25 (n = 251) 069
Biguanides 27 (n=183) 19 (n = 86) 0.13
Thiazolidinediones 26 (n = 40) 24 (n = 229 085
SGLT-2 inhibitors 23 (n = 36) 25 (n = 233) 0.77
Alpha-glucosidase inhibitors 18 (n =78 27 (n=191) 007

Data are adjusted by glycated hemoglobin level. TOne participant administered both a dipeptidyl peptidase-4 (DPP-4) inhibitor and a glucagon-like

peptide-1 (GLP-1) receptor agonist. SGLT-2, sodium-—glucose cotransporter 2

correlated with HbA,. level in patients with type 2 diabetes
treated with sulfonylureas. Whereas previous CGM-based stud-
ies with smaller numbers of participants showed that hypo-
glycemia occurs more frequently in individuals treated with
sulfonylureas than in those not taking these drugs, the relation-
ship between HbA,. level and the duration of hypoglycemia
was not analyzed in these studies™'®. A meta-analysis found
that the incidence of hypoglycemia was inversely correlated
with baseline HbA; level in type 2 diabetes patients who initi-
ated medications, including sulfonylureas, with the development
of hypoglycemia being detected by symptoms or self-monitor-
ing of blood glucose'”, which does not allow quantitative assess-
ment. A CGM-based study with 101 type 1 diabetes patients
treated with basal-bolus insulin therapy showed that the HbA,;.
level was inversely correlated with the duration of hypo-
glycemia'®. The present study is thus the first to investigate the
relationship between HbA,. level and the duration of hypo-
glycemia, as determined by CGM in type 2 diabetes patients
treated with sulfonylureas.

Previous studies with CGM showed that hypoglycemia
occurred more frequently during the night than during the
daytime in insulin-treated patients with type 1 or type 2 dia-
betes'®'”. In contrast, daytime hypoglycemic events were
more frequent than nocturnal hypoglycemic events in a study
based on self-reporting of such events®. In the present study,
we found that the duration of nocturnal hypoglycemia was
longer than that of daytime hypoglycemia, and became
longer as the HbA,. level decreased. A meta-analysis in insu-
lin-treated patients with type 2 diabetes also showed that the
incidence of nocturnal hypoglycemia was inversely correlated
with HbA,. level”’. The 24-h glucose profiles of patients in
the present study showed that glucose levels were lowest in

the early hours of the morning irrespective of HbA,. level.
Of note, patients were not aware of most nocturnal hypo-
glycemic events, suggesting that healthcare providers should
pay careful attention to night-time hypoglycemia, particularly
in the early hours of the morning, in patients treated with
sulfonylureas.

We found that diabetes duration, but not age, was directly
related to the duration of hypoglycemia in patients treated with
sulfonylureas. The duration of diabetes and age have previously
been shown to be associated with the incidence of hypo-
glycemia in patients with type 2 diabetes in other treatment set-
tings®'~>*. Furthermore, we found that the dose of sulfonylureas
was associated with the duration of hypoglycemia. A study in
which hypoglycemia was detected on the basis of a question-
naire administered to patients showed a weak positive associa-
tion between sulfonylurea dose and hypoglycemia®*. Treatment
with DPP-4 inhibitors or with GLP-1 receptor agonists is asso-
ciated with a reduced risk of self-reported hypoglycemia®. We
have now shown that the duration of hypoglycemia with glu-
cose values of <70 mg/dL was shorter for patients taking these
drugs. Impairment of renal function (eGFR of <60 mL/min/
m?) tended to be related to the duration of hypoglycemia in
the present study, with such impairment having previously
been associated with an increased rate of severe hypoglycemic
events in sulfonylurea-treated patients with type 2 diabetes™.

The strengths of the present study include its multicenter
design and large number of participants. Furthermore, CGM
analysis allowed us to quantitatively evaluate the duration, tim-
ing and severity of hypoglycemia, and the study with outpa-
tients was informative not only of hypoglycemia, but also of
glycemic variability in a real-world setting. Here, we showed
that that patients with an HbA,. level of <6.4% were exposed
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to glucose values of <70 mg/dL for >10% of the time during
daily life (6.8 + 5.6 min/h).

There were several limitations in the current study. First, the
accuracy of the CGM device (FreeStyle Libre Pro) has not been
fully characterized. The mean absolute relative difference of the
device was reported to be 11.1%, which is not inferior to that of
other conventional calibrated CGM devices®. Second, we did not
collect information that might affect the duration of hypo-
glycemia, such as dietary and exercise habit, alcohol intake or
socioeconomic status. Third, given that the present study was car-
ried out at diabetes units of core hospitals of the community, it is
unknown whether the current results are applicable to general
patients cared for by general practitioners. Finally, whereas we
recruited 300 patients, which is our predetermined sample size,
we could only analyze the data of 269 patients because of the loss
and the inappropriate length (<7 days) of available data. The
sample size of 269 is, however, larger than the required number
of patients with the statistical power of 75% (250).

We have shown for the first time that the duration of hypo-
glycemia was inversely correlated with HbA,. level in patients
with type 2 diabetes treated with sulfonylureas. Healthcare pro-
viders, as well as patients themselves, should thus pay careful
attention to the possibility of hypoglycemia development during
treatment with sulfonylureas.
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