
The Association Between HbA1c
and Time in Hypoglycemia During
CGMandSelf-Monitoring ofBlood
Glucose in People With Type 1
Diabetes and Multiple Daily
Insulin Injections: A Randomized
Clinical Trial (GOLD-4)
Diabetes Care 2020;43:2017–2024 | https://doi.org/10.2337/dc19-2606

OBJECTIVE

According to recent guidelines, individualswith type 1diabetes should spend<4.0%
of timeperdaywith glucose levels<3.9mmol/L (<70mg/dL) and<1.0%perdaywith
glucose levels <3.0 mmol/L (<54 mg/dL).

RESEARCH DESIGN AND METHODS

In theGOLDrandomized crossover trial, 161 individualswith type1diabetes treated
withmultiple daily insulin injections (MDI) were randomized to continuous glucose
monitoring (CGM) or conventional therapy with self-monitoring of blood glucose
(SMBG)andevaluatedover 16months.Weestimated the associationbetween time
spent in hypoglycemia and various mean glucose and HbA1c levels.

RESULTS

Time spent in hypoglycemia (<3.9mmol/L and<3.0mmol/L) increased significantly
with lowermeanHbA1c andmean glucose levels during both CGMand conventional
therapy. During CGM, 24 (57.1%) individuals with HbA1c <7.5% (<58 mmol/mol)
had<1.0% time spent in hypoglycemia <3.0mmol/L and 23 (54.8%) had<4.0% time
spent inhypoglycemia<3.9mmol/L.DuringCGM,mean time spent inhypoglycemia
for individuals with mean HbA1c 7.0% (52 mmol/mol) was estimated to be 5.4%
for <3.9mmol/L and 1.5% for <3.0mmol/L. The corresponding values during SMBG
were 9.2% and 3.5%, respectively. Individualswithmean glucose levels of 8mmol/L
spent 4.9% units more time with glucose levels <3.9 mmol/L and 2.8% units more
time <3.0 mmol/L during SMBG compared with CGM.

CONCLUSIONS

Reaching current targets for time in hypoglycemia while at the same time reaching
HbA1c targets is challenging for patientswith type 1 diabetes treatedwithMDI both
with CGM and SMBG monitoring. However, CGM is associated with considerably
less time in hypoglycemia than SMBG at a broad range of HbA1c levels and is crucial
for patients with MDI treatment if they are to have a chance to approach
hypoglycemia targets.
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Intensive insulin therapy resulting inmore
frequently achieving glycemic targets de-
lays the onset and slows the progression
of diabetes-related complications in indi-
viduals with type 1 diabetes (1,2). One of
themain obstacles related to insulin ther-
apy is hypoglycemia, a complication as-
sociated with neurocognitive dysfunction
and behavioral impairment over time (3).
For many years, conventional therapy

with regular capillary self-monitoring of
blood glucose (SMBG) has been crucial for
diabetes management. However, SMBG
onlyprovides singlepoint-in-timemeasure-
ments and, therefore, often fails to detect
nocturnal andasymptomatic hypoglycemia
(4). In recent years, there has been in-
creasing interest in the use of continuous
glucose monitoring (CGM), including the
flash glucose monitoring system. Since its
introduction, CGM has provided unique
opportunities to capture glucose profiles
over several days, including time in range
(TIR), time in hyperglycemia, and glyce-
mic variability as well as nocturnal and
daytime glucose level patterns (5). The
use of CGM and flash glucosemonitoring
has increased and, nowadays, is wide-
spread in several countries,whereasSMBG
is still the most common glucose monitor-
ing method in other countries.
According to recently published inter-

national consensus guidelines for gly-
cemic targets, individuals with type 1
diabetes should spend ,4.0% of time
per day with glucose levels,3.9 mmol/L
(,70 mg/dL) and ,1.0% per day ,3.0
mmol/L (,54mg/dL) (6). This guideline is
mostly based on studies with CGM and
insulin pumps in adults and adolescents
with type 1 diabetes. In adults with type 1
diabetes, multiple daily insulin injections
(MDI) are the most common method of
insulin delivery. However, corresponding
suitable targets for MDI treatment are
unclear due to lack of data.
To form a further basis for guidelines

using CGM metrics, the aim of the current
study was to evaluate the association
between time spent in hypoglycemia and
various HbA1c and mean glucose levels
during CGMand SMBG therapy in people
with type 1 diabetes treated with MDI.

RESEARCH DESIGN AND METHODS

Cohort
The original GOLD trial was approved by
the ethics committee at the University
of Gothenburg (12 December 2013, di-
ary number 857-13). The study was an

investigator-initiated randomized, open-
label, crossover trial carried out at 15 sites
in Sweden (Supplementary Table 1) from
24 February 2014 to 1 June 2016. Before
participation, all individuals provided ver-
bal and written informed consent. The
design of the GOLD trial has been de-
scribed in detail (7).

Overall Procedures
Individuals $18 years old with type 1
diabetes and HbA1c $7.5% (58 mmol/
mol) treated with MDI were included.
Participants were required to have di-
abetes duration .1 year and fasting
C-peptide levels ,0.91 ng/mL (,0.3
nmol/L). Patients treated with insulin
pumps and current CGMuse (within the
previous 4months)were excluded. Study
design, including other inclusion and
exclusion criteria, has been described in
detail (7–9). Each participant wore a
masked CGM using the Dexcom G4 Plat-
inum (Dexcom, Inc., San Diego, CA) for
2 weeks during a 6-week run-in phase.
Afterward, participants were excluded if
they either did not believe they would
wear the CGM sensor.80% of the time
or did not perform adequate calibrations
on their CGM system during the run-in
phase (on average $12 of 14 during a
7-dayperiod). Participantswere random-
ized 1:1 to either CGM using the Dexcom
G4 Platinum stand-alone systemor SMBG
(conventional therapy) for the first treat-
ment period of 26weeks, with a 17-week
washout period between treatment
phases.

All participants were given basic in-
structionson insulindosing, suchasbolus
correction, foodchoices, and theeffectof
physical activityonglucosecontrol. In the
conventional, SMBG, group, participants
were encouraged to measure blood glu-
cose levels according to guidelines (i.e.,
at least four times daily) and adjust in-
sulin dosages according to those values.
All patients had the possibility to contact
the responsible staff member for the
trial at each site for additional support
between the visits if needed, e.g., for
technical problems with SMBG meters
or the Dexcom G4 system.

Clinical Assessments
Participants were assessed at the start of
each treatment phase and at weeks 2, 4,
13, and 26. HbA1c was measured at visits
in each treatment phase except week
2. During the conventional treatment

phase (SMBG), masked CGM was per-
formed during 2 of the last 4 weeks to
evaluate the total time spent in hypo-
glycemia, TIR, hyperglycemia, and glyce-
mic variability. Patients could then not
see their CGM data, but the data were
collected for comparisons with CGM
treatment data. At all visits, CGM and
SMBG data were downloaded and used
for optimizing glycemic control. During
the randomization visit, earlier advanced
diabetes complications were self-reported.

End Points
We evaluated the association between
HbA1c levels and amount of time (ex-
pressed as percentage) spent in hypo-
glycemia per day using two different
cutoffs: ,3.9 mmol/L (,70 mg/dL) and
,3.0mmol/L (,54mg/dL). Correspond-
ing analyses were performed between
mean glucose level estimated bymasked
CGM and time spent in hypoglycemia.
We also evaluated the association be-
tween percentage of time with glucose
levels 3.9–10.0 mmol/L (70–180 mg/dL)
(TIR) and time in hypoglycemia ,3.9
mmol/L (,70 mg/dL) and ,3.0 mmol/L
(,54 mg/dL). We further evaluated the
percentage of time spent in hypoglyce-
mia at different mean glucose and HbA1c
levels. Time spent in hypoglycemia was
evaluated as a continuous variable in
relation to HbA1c and mean blood glu-
cose level. Additionally,weevaluated the
percentage of patients who reached the
target for time spent in hypoglycemia
according to guidelines issued by ADA
(6) for HbA1c ,7.0% (,53 mmol/mol)
and,7.5% (,58mmol/mol). These anal-
yses were performed at baseline and af-
ter 26 weeks of CGM and SMBG therapy,
respectively.

Statistics
All continuous variables were described
bymean, SD, median, range, and 95% CIs
where applicable. Categorical variables
were described as numbers and percen-
tages, with exact 95% CI presented for
percentages where applicable.

Time spent in hypoglycemia with glu-
cose values ,3.9 mmol/L (,70 mg/dL)
and ,3.0 mmol/L (,54 mg/dL) was ex-
pressed as a continuous proportion with
the dependent variable analyzed with
fractional response models (FRM) using
a binomial distributionwith log-link func-
tion, with either continuous HbA1c or
glucose levels as explanatory variables.
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Robust sandwich estimators were ap-
plied in order to adjust for potential
heteroscedasticity. Relative risk (RR) per
1.0% (10 mmol/mol) increase in HbA1c
and 1 mmol/L (18 mg/dL) increase in
glucose was presented with associated
95% CI. Additionally, estimated mean
time spent in hypoglycemia with 95% CI
was presented for various HbA1c and
glucose levels.
Data for individuals from both treat-

ment sequences, as per the original
crossover randomization in the GOLD
trial, were analyzed together in the anal-
yses at the end of CGM and conventional
treatment.
All tests were two-tailed and con-

ducted at 0.05 significance level. All anal-
yses were performed using SAS software
(version 9.4, SAS Institute Inc., Cary, NC).

RESULTS

Baseline Characteristics
Baseline characteristics of participants
per treatment sequence are shown in
Table 1. Between February and Decem-
ber 2014, 161 patients were included in
thestudy,ofwhom137(85.1%)hadeither
valid masked CGM data during the first
14 days of the run-in period or at the end
of the SMBG treatment or valid CGMdata
during 14 days at the end of CGM treat-
ment. In total, mean age was 44.6 years,
and 43.1%werewomen.Mean HbA1c (SD)
was 8.7% (0.85%) (71.5 [9.3] mmol/mol) at
baseline, and mean diabetes duration
was 22.3 years. The numbers of individ-
uals in the analysis cohorts varied be-
tween 125 and 132. Baseline characteristics
for the analysis cohorts are shown in
Supplementary Table 2.

Association Between Mean Glucose
Levels and Time Spent in
Hypoglycemia
Time spent inhypoglycemia,3.9mmol/L
(70 mg/dL) and,3.0 mmol/L (54 mg/dL)
increased significantly with lower mean
glucose levels during both CGM (P ,
0.0001 and P, 0.0001) and SMBG (P,
0.0001 and P, 0.0001) (Supplementary
Table 3). The associations betweenmean
glucose values (mmol/L) and time spent
in hypoglycemia,3.9mmol/L (,70mg/
dL) and ,3.0 mmol/L (,54 mg/dL), re-
spectively, at baseline and at the end of
CGM and SMBG therapy are shown in
Fig. 1A and B.
According to masked CGM readings

from the run-in period, when all subjects

used SMBG readings for monitoring and
treatment adjustments, individuals with
mean glucose levels of 8 mmol/L (144
mg/dL) spent, on average, 12.0% of their
time with glucose levels ,3.9 mmol/L
(,70 mg/dL) and 4.9% of their time
with levels ,3.0 mmol/L (,54 mg/dL).
The amount of time spent in hypoglyce-
mia decreased with higher mean glucose
levels. At a mean glucose level of 14
mmol/L (252 mg/dL), 1.7% and 0.7% of
time was spent in hypoglycemia ,3.9
mmol/L (,70 mg/dL) and ,3.0 mmol/L
(,54 mg/dL), respectively.

Overall, there was less time spent in
hypoglycemia with CGM treatment com-
pared with SMBG. In individuals with
mean glucose levels of 8 mmol/L (144
mg/dL), the mean percentage of time
spent with glucose levels ,3.9 mmol/L
(,70 mg/dL) was 11.3% in the SMBG
group, whereas the corresponding
value for individuals using CGM was
6.4%. Corresponding values at glucose
levels ,3.0 mmol/L (,54 mg/dL) were
4.5% with SMBG versus 1.7% with CGM
use. With increasing mean glucose lev-
els, time spent in hypoglycemia was
further reduced at the end of SMBG
and CGM therapy. Relative risks were
similar for all six analyses performed on
the impact of a 1 mmol/L (18 mg/dL)
increase in glucose on time spent in
hypoglycemia and ranged between 0.70
and 0.73di.e., a 1 mmol/L (18 mg/dL)
increase in glucose resulted in an ap-
proximate 30% reduction in time spent
in hypoglycemia (Supplementary Table
3).

Association Between HbA1c Levels and
Time Spent in Hypoglycemia
Figure 2A and B show the association
between different HbA1c levels (mmol/
mol) and time spent in hypoglycemia at
baseline and at the end of CGM and
SMBG therapy. Time spent in hypogly-
cemia ,3.9 mmol/L (70 mg/dL) and
,3.0 mmol/L (54 mg/dL) increased sig-
nificantly with lower HbA1c levels during
CGM (P , 0.0001 and P 5 0.0004) and
SMBG (P , 0.0001 and P 5 0.0005).

At baseline, when all patients had
SMBG, individuals with HbA1c 7.0% (52
mmol/mol) spent on average 12.0% of
their time with glucose levels,3.9 mmol/L
(,70 mg/dL) and 5.4% with glucose
levels ,3.0 mmol/L (,54 mg/dL). Indi-
vidualswith HbA1c levels 9.7% (83mmol/
mol) spent less time in hypoglycemia,

with baseline values of 2.6% at ,3.9
mmol/L (,70 mg/dL) versus 0.9% at
,3.0mmol/L (,54mg/dL) (Supplementary
Table 4).

At the end of CGM use, individuals with
HbA1c 7.0% (52mmol/mol) reduced their
time spent in hypoglycemia compared
with SMBG therapy. Time spent in hy-
poglycemia ,3.9 mmol/L (,70 mg/dL)
was 5.4% at the end of CGM use com-
paredwith 9.2%with SMBG therapy. The
corresponding values for CGMandSMBG
at glucose values,3.0mmol/L (,54mg/
dL) were 1.5% and 3.5%, respectively.
Individuals with CGM use and higher
HbA1c levels further decreased their time
in hypoglycemia for both the higher and
lower hypoglycemia cutoffs. As seen in
Supplementary Table 4, the effect was
morepronounced at the endof CGMuse,
with time spent in hypoglycemia reduced
by 44.0% per 1.0% (10 mmol/mol) in-
crease in HbA1c. In the SMBG group, the
corresponding values were ;34.0% per
1.0% (10 mmol/mol) increase in HbA1c.

Association Between TIR and Time
Spent in Hypoglycemia
The associations between percent TIR
(3.9–10.0mmol/L [70–180mg/dL]) and
time spent in hypoglycemia at ,3.9
mmol/L (70 mg/dL) and ,3.0 mmol/L
(54 mg/dL), respectively, at baseline
and at the end of CGM and SMBG
therapy are shown in Fig. 2C and D.

Time in hypoglycemia (both ,3.9
mmol/L [,70 mg/dL] and ,3.0 mmol/L
[,54 mg/dL]) showed an increase with
more TIR. Moreover, patients using CGM
had less time in hypoglycemia at all
degrees of TIR compared with SMBG.
With a TIR of 60%, i.e., slightly below
target of 70%, the mean time in hypo-
glycemia was still above targets, 4.2%
,3.9 mmol/L (,70 mg/dL) and 1.1%
,3.0mmol/L (,54mg/dL) during CGM
and 7.7% and 2.8%, respectively, during
SMBG.

Percentage of Patients Reaching
Target HbA1c Levels and Time in
Hypoglycemia
Number, percentage, and 95% CI for
percentages of patients with HbA1c

,7.5% (,58 mmol/mol) and ,7.0%
(,52 mmol/mol) and the defined target
values for time in hypoglycemia (,3.0
mmol/L and,3.9 mmol/L) are shown in
Table 2. During CGMuse, 24 (57.1%, 95%
CI 41.0–72.3) individuals with type 1
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diabetes and HbA1c ,7.5% (,58 mmol/
mol) spent ,1.0% of their time in hy-
poglycemia ,3.0 mmol/L compared with
5 (21.7%, 95% CI 7.5–43.7) individuals
withSMBGand2 (15.4%,95%CI1.9–45.5)
at baseline. The corresponding numbers
for ,4.0% time spent in hypoglycemia
,3.9 mmol/Lwere 23 (54.8%, 95%CI 38.7–
70.2) with CGM, 5 (21.7%, 95% CI 7.5–43.7)
with SMBG, and 3 (23.1%, 95% CI 5.0–
53.8) at baseline. For individuals with type 1
diabetes and HbA1c levels ,7.0% (,52
mmol/mol), 3 (27.3%, 95% CI 6.0–61.0)
had spent ,1.0% time in hypoglycemia
,3.0 mmol/L and 3 (27.3%, 95% CI 6.0–
61.0) had spent ,4.0% time in hypogly-
cemia ,3.9 mmol/L at the end of CGM
therapy. The corresponding numbers for
the end of SMBG treatment were 1
(25.0%, 95% CI 0.6–80.6) and 1 (25.0%,
95%CI 0.6–80.6%), respectively (Table 2).

CONCLUSIONS

Principal Findings
This study, based on data from the GOLD
randomized clinical trial, showed that
people with type 1 diabetes treated
with MDI have difficulties reaching tar-
gets for time in hypoglycemia and simul-
taneously reaching HbA1c targets. This
was evident both with CGM and SMBG
monitoring, but the time in hypoglycemia
was considerably less during CGM than
during SMBG monitoring. When HbA1c lev-
els,7.5% (,58 mmol/mol)di.e., some-
what above targetdwere evaluated,.40%
of patients during CGMand.70% during
SMBG spent more time in hypoglycemia
than recommended by recent guidelines.
At HbA1c 7.0% (52mmol/mol), time spent
in hypoglycemia,3.9mmol/L (70mg/dL)
was ;5.5% and 9.0% during CGM and
SMBG treatment, respectively, and 1.5%
and 3.5% for the hypoglycemia cutoff
,3.0 mmol/L (54 mg/dL). A consistent
association was found both during CGM
andSMBGmonitoringover abroad range
of HbA1c levels showing that the lower
the HbA1c level obtained, the more time
in hypoglycemia.

Guidelines and Earlier Studies
Our results from the current study show
that it will remain challenging for many
individuals with type 1 diabetes treated
with MDI to achieve the targets set for
time spent in hypoglycemia in recent
international guidelines even with mod-
ern CGM devices. For patients using

Table 1—Baseline characteristics for patients included in analyses of time in
hypoglycemia, mean glucose, and HbA1c

Demographics and baseline characteristics
All patients
(n 5 137)

Age, years, mean 6 SD 44.6 6 12.9
Median (range) 44 (19–77)

Sex
Male 78 (56.9)
Female 59 (43.1)

Race
Black 1 (0.7)
White (Caucasian, including Middle East and North Africa) 136 (99.3)

Ethnicity: not Hispanic or Latino 137 (100.0)

Years from diabetes onset to inclusion, mean 6 SD 22.3 6 11.8
Median (range) 21.7 (1.4–56.6)

Smoking
Current 17 (12.4)
Previous 31 (22.6)
Never 89 (65.0)

Medical history
Previous laser photocoagulation of the retina 27 (19.7)
Previous myocardial infarction 3 (2.2)
Previous stroke 2 (1.5)
Previous bypass graft 1 (0.7)
Previous PCI 2 (1.5)
Previous amputation 1 (0.7)
Previous diabetic foot (or leg) ulcer 6 (4.4)
Current diabetic foot (or leg) ulcer 3 (2.2)
Number of hypoglycemias per week in last 2 months,* mean 6 SD 2.18 6 1.91
Median (range) 2 (0–12)
Number of patients 130

Number of severe hypoglycemias past year, mean 6 SD 0.074 6 0.358
Median (range) 0 (0–3)
Number of patients 136

Number of severe hypoglycemias past 5 years, mean 6 SD 0.618 6 2.235
Median (range) 0 (0–20)
Number of patients 136

HbA1c at visit 2 and randomization
HbA1c at visit 2 (IFCC, mmol/mol), mean 6 SD 71.5 6 9.3
Median (range) 70 (58–104)

HbA1c at visit 2 (NGSP, %), mean 6 SD 8.70 6 0.85
Median (range) 8.56 (7.46–11.67)

HbA1c at visit 4 randomization (IFCC, mmol/mol), mean 6 SD 68.9 6 9.5
Median (range) 67 (50–103)
Number of patients 136

HbA1c at visit 4 randomization (NGSP, %), mean 6 SD 8.46 6 0.87
Median (range) 8.28 (6.73–11.58)
Number of patients 136

Diabetes medication at randomization visit
Base insulin type
Insulatard (NPH insulin) 3 (2.2)
Glargine 110 (80.3)
Detemir 17 (12.4)
Degludec 7 (5.1)

Meal insulin type
Lispro 52 (38.0)
Aspart 76 (55.5)
Glulisine 7 (5.1)
Insulin regular human 2 (1.5)

Total daily meal insulin dose (units), mean 6 SD 27.6 6 13.5
Median (range) 25 (0–80)

Total daily base insulin dose (units), mean 6 SD 30.5 6 13.9
Median (range) 26 (8–90)

Total daily insulin dose (units), mean 6 SD 58.1 6 23.5
Median (range) 55 (21–138)

Continued on p. 2021
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SMBG for glucose monitoring, which is
still the most common method in many
developed countries for people with
type 1 diabetes, few are likely to achieve
hypoglycemia targets. The recent guide-
lines for recommended time spent in
hypoglycemia are mainly based on a clin-
ical trial of the semi-closed-loop system
where patients obtained a mean HbA1c
levelof6.9%(52mmol/mol)and3.3%time
in hypoglycemia ,3.9 mmol/L and 0.6%
time ,2.8 mmol/L. Of note, patients in-
cluded in that trial had HbA1c close to
recommended glycemic target of HbA1c
7.4% (57 mmol/mol) at baseline and pos-
sibly achieved better results with a semi-
closed-loop system than other patients
further from glycemic targets (10). More-
over, patients generally receive more sup-
port in clinical trials than clinical practice.
In a recent randomized trial of a semi-
closed-loop system, patients with HbA1c
7.4% (57 mmol/mol) at baseline spent
1.58% of their time in hypoglycemia,3.9
mmol/L and 0.29% of time,3.0 mmol/L
(11). It is essential to note that time spent
in hypoglycemia may differ by various
semi-closed-loop systems depending on
sensor and algorithms used (10,11).

Explanations
Although direct comparisons between dif-
ferent studies should be performed with
caution, the proportion of time spent in
hypoglycemia seems to be greater inMDI-
treated patients than in patients with
semi-closed-loop systems. A recent study
that compared adding CGM to MDI and
pump treatment showed relatively similar
effects with respect to HbA1c and time
spent in hypoglycemia when patients fully
performed insulin dosing (12). Halting the
insulin infusion by sensor-augmented
pump therapy has been shown to further
reduce time spent in hypoglycemia (13).
Interestingly, insulin delivery by semi-
closed-loop systems reduced not only
HbA1c but also time spent in hypoglycemia
comparedwithapumpsystemonlyhalting
insulin delivery at low glucose levels (10).
Thus, it likely will be difficult for many
patients using MDI to reach effects on time
spent in hypoglycemia similar to those seen
with semi-closed-loop systems because,
for example, continuous modification of
insulin delivery cannot be performed dur-
ing MDI treatment and because of the
difficultymanypatientsexperiencemaking
appropriate adjustments on a regular basis
as compared with an automatic algorithm.

Figure 1—A: The association between mean glucose levels (mmol/L) and time with glucose
level,3.9mmol/L (,70mg/dL) at baseline, at the end of conventional (SMBG) treatment, and at
the end of CGM treatment. B: The association between mean glucose levels (mmol/L) and time
with glucose level ,3.0 mmol/L (,54 mg/dL) at baseline, at the end of conventional (SMBG)
treatment, and at the end of CGM treatment.

Table 1—Continued

Demographics and baseline characteristics
All patients
(n 5 137)

Number of insulin injections, mean 6 SD 4.82 6 0.97
Median (range) 5 (1–8)

Metformin used at randomization visit 2 (1.5)

Data are n (%) unless otherwise indicated. IFCC, the International Federation of Clinical Chemistry
and Laboratory Medicine; NGSP, the National Glycohemoglobin Standardization Program; PCI,
percutaneous coronary intervention. *Hypoglycemias experienced per week in last 2 months
based on subjective estimation, not blood glucose values.
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Furthermore, in this study,80.3%hadbasal
insulin glargine. It is possible that with
novel development of insulins, basal and
mealtime insulin may further reduce the
time spent in hypoglycemia.

Implications
Our results imply that targets for time
spent in hypoglycemia may be further
discussed for MDI- and semi-closed-loop–
treated patients. Additionally, if people
with MDI are to have a chance to reach
targets for time spent in hypoglycemia,
theywill needCGMsupport, sincepatients
in the current study had considerably less
time in hypoglycemia at all evaluated
HbA1c levels compared with SMBG. Pa-
tients using SMBG were in general far
from reaching hypoglycemia targets. More-
over, to obtain targets many individuals
will likely benefit from replacing MDI

treatment with semi-closed-loop systems.
Additionally, lately, the TIR metric has
been more in focus in clinical practice.
It is noteworthy that during CGM use,
less time in hypoglycemia existed at all
evaluated degrees of TIR compared with
when patients used SMBG. However, the
majority still had difficulties simulta-
neously reaching the target of 70% TIR
and the targets for time in hypoglycemia.
Semi-closed-loop systems likely provide a
safer strategy to achieve near-normal gly-
cemic control in the absence of hypogly-
cemia risk comparedwith CGMalone (11).
However, it should be noted that these
systemsare relativelynew, and safetydata
from further long-term trials and real-life
studies will be needed, although current
clinical trial data look promising including
one where no severe hypoglycemia oc-
curred in 168 patients over 6months (11).

Finally, studies aimed at supporting pa-
tients using MDI treatment with algo-
rithms and education for optimal insulin
dosing decisions are warranted to obtain
better results in lowering of HbA1c and
simultaneously reducing time spent in
hypoglycemia.

HbA1c Level and Time Spent in
Hypoglycemia
When the main results of the Diabetes
Complications and Control Trial were
released in 1993, it was clear that the
risk of hypoglycemia increased substan-
tially with lower mean HbA1c levels (1). It
was recently debated to what extent this
association exists, with modern glucose
monitoring having the capability to alarm
for low glucose levels. The current study,
however, shows that during MDI treat-
ment and CGM use, this association still

Figure 2—A: The association between HbA1c levels (mmol/mol) and time in glucose level ,3.9 mmol/L (,70 mg/dL) at baseline, at the end of
conventional (SMBG) treatment, and at the end of CGM treatment. B: The association between HbA1c levels (mmol/mol) and time in glucose
level ,3.0 mmol/L (,54 mg/dL) at baseline, at the end of conventional (SMBG) treatment, and at the end of CGM treatment. C: The association
between percent TIR 3.9–10 mmol/L (70–180 mg/dL) and time with glucose level,3.9 mmol/L (,70 mg/dL) at baseline, at the end of conventional
(SMBG) treatment, and at the end of CGM treatment. D: The association between percent TIR 3.9–10 mmol/L (70–180 mg/dL) and time with glucose
level ,3.0 mmol/L (,54 mg/dL) at baseline, at the end of conventional (SMBG) treatment, and at the end of CGM treatment.
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exists. When discussing goals for hypo-
glycemia targets with an individual pa-
tient, it is essential to take the current
HbA1c level into consideration. The
reason is that there is an exponential
relationship between HbA1c and risk of
long-term complications (1,14). This
means that reductions in HbA1c at
high levels will lead to much greater
reductions in risk of complications than
at levels closer to HbA1c targets. Since
many patients with type 1 diabetes and
MDI will not reach HbA1c and hypoglyce-
mia targets simultaneously, thesemust be
weighed against each other for certain
patients. For many patients, it may be
reasonable to accept a certain increase
in risk of hypoglycemia in exchange for
lowering HbA1c from high levels, whereas
such a risk may not be reasonable when
HbA1c levels are already close to general
targets.

Strengths and Limitations
Strengths of the current study include that
patients were examined in a clinical trial
where detailed procedures were used for
downloading and storing CGM data. The
same CGM system was used among pa-
tients, and HbA1c was analyzed at a cen-
tral laboratory. Moreover, CGM data
were obtained both during CGM treat-
ment and conventional SMBG treatment
(when masked CGM was performed) for
one and the same patient. Information
obtained during SMBG treatment pre-
sentedhere is importantsince themajority
of individuals with type 1 diabetes world-
wide still use this type of glucose moni-
toring. Limitations include that relatively
few patients could be evaluated at the

general HbA1c target of 7.0% (52 mmol/
mol), especially during conventional ther-
apy. On the other hand, we saw that even
at higher HbA1c levels (7.5%, 58 mmol/
mol), many patients did not reach hypo-
glycemia targets. Another limitation is that
since this study was performed, CGM
technology has improved (e.g., no calibra-
tions are needed with the Dexcom G6).
Although direct comparisons do not exist
of Dexcom G4 and G6 of accuracy, studies
of individual systems indicate an increas-
ing accuracy for Dexcom G6 (15). Data
on frequency of calibrations, calibration
errors, and transmitter issues were not
reported during this study. Although the
number of SMBGmeasurements has earlier
been shown to be fewer during CGM treat-
ment (2.75 vs. 3.66), it is noteworthy that
duringDexcomG4use, incontrast tocurrent
generations of CGM, capillary testing was
performed for calibrationsduringCGM(8). It
should also be noted that the current study
was performed in adults and may not be
generalizable to children with type 1 di-
abetes treated with MDI. Additionally, the
study cohort represents individuals who
feel they would wear CGM .80% of the
time, possibly leading to a somewhat se-
lected study population. Therefore, further
studies in a more general population of
people with type 1 diabetes are of interest.

Conclusion
Time spent in hypoglycemia for people
with type 1 diabetes treated with MDI
increases both during CGM and SMBG
therapy with lower mean glucose and
lower mean HbA1c levels. It is difficult for
many patients with type 1 diabetes and
MDI treatment to reach targets for time

spent in hypoglycemia even with some-
what higher HbA1c levels than the gen-
eral target of 7.0% both with CGM and
SMBG. CGM is, however, associatedwith
considerably less time with hypoglycemia
than SMBG both at HbA1c levels close to
target and at high HbA1c levels. Overall,
patients with type 1 diabetes treated
with MDI need CGM treatment for glu-
cose monitoring to have a chance to
approach hypoglycemia targets and si-
multaneously reach HbA1c targets.
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