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OBJECTIVEdTo determine whether subgroups of type 1 diabetic patients with different
glucose variability indices respond differently to continuous subcutaneous insulin infusion
(CSII) in terms of reduced hypoglycemic events.

RESEARCHDESIGNANDMETHODSdWe studied 50 adults with long-standing type
1 diabetes switched to CSII because of persistently high A1C or frequent hypoglycemia despite
well-managed intensive basal-bolus therapy. We compared A1C, hypoglycemic events, and
glucose variability from self-monitoring of blood glucose profiles at baseline and after 6 months
of CSII. Regression analysis was performed to identify predictors of response.

RESULTSdIn multivariate analysis, baseline low blood glucose index (LBGI) was the best
independent predictor of hypoglycemia outcome on CSII (R2 = 0.195, P = 0.0013). An ROC
curve analysis demonstrated a sensitivity of 70.8% (95% CI 48.9–87.4) and specificity of 73.1%
(52.2–88.4) by using the LBGI cutoff of 3.34 as predictor of reduction of hypoglycemia on CSII.
By grouping patients by LBGI tertiles, we found a 23.3% reduction in hypoglycemic events (,60
mg/dL [3.3 mmol/L]) in the third tertile (range 4.18–9.34) without change in A1C (P , 0.05).
Conversely, the first tertile (range 0.62–2.05) demonstrated the greatest A1C reduction,20.99%
(P = 0.00001), but with increasing hypoglycemia.

CONCLUSIONSdBaseline LBGI predicts the outcome of type 1 diabetic patients who switch
to CSII in terms of hypoglycemia.
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Continuous subcutaneous insulin in-
fusion (CSII) by pump is widely
used for patients with type 1 di-

abetes with persistently high A1C or
frequent, disabling, or severe hypoglyce-
mia, despite well-managed intensive insu-
lin therapy with multiple daily injections
(MDIs) (1,2).

For patients who fail to achieve A1C
targets (3), numerous meta-analyses of
randomized controlled trials support the
effectiveness of CSII, with a mean de-
crease of 0.5% in A1C in comparison

with MDI (4–13). The greatest improve-
ments in glycemic control were in indi-
viduals with the highest A1C: patients
with A1C levels $8.5% being treated
with MDI may expect a decrease of
~1.0–1.5% with CSII (6,8,14–16).

In contrast, the ability of CSII to
reduce hypoglycemic episodes remains a
matter of debate. While some trials or
meta-analyses showed a reduction in
severe (requiring third-party assistance)
(11) and nonsevere (5) hypoglycemic ep-
isodes on CSII compared with MDI,

others did not (6,7,10,12) or even
reported a higher rate of mild hypoglyce-
mic events compared with MDI (13).

In everyday life, individuals with type
1 diabetes experience, on average, about
two episodes of mild but symptomatic
hypoglycemia per week (17). In the ab-
sence of impaired hypoglycemia aware-
ness, mild hypoglycemia is, thus, far
more frequent than severe hypoglycemia
(average incidence of 1.0–1.7 episodes
per year) and may exert harmful psycho-
logical effects and hamper an individual’s
social life (18). These repeated events can
be a limiting factor preventing improve-
ment or maintenance of glycemic control
through the deliberate avoidance of fre-
quent episodes of low glucose levels
(19,20). A recent history of hypoglycemia
is also the cause of hypoglycemia-associated
autonomic failure (HAAF), leading to de-
fective glucose counterregulation and hy-
poglycemia unawareness and fueling the
vicious cycle of recurrent hypoglycemia
(20).However, while patients with frequent
severe hypoglycemia may show improve-
ment with CSII (8), clinical characteristics
that could predict a reduction in overall
hypoglycemia when switching from MDI
to CSII are, to our knowledge, currently
unknown.

Consequently, the aim of this study
was to identify factors predicting mild
hypoglycemic events (defined as glucose
value ,60 mg/dL [3.3 mmol/L]) when
switching from MDI to CSII. More specifi-
cally, we tested the hypothesis that patients
with the highest baseline glucose variability
would be those in whom CSII reduces it
the most, translating into a significant re-
duction of hypoglycemic events.

RESEARCH DESIGN AND
METHODSdWe retrospectively re-
viewed medical records of 69 adult
patients with type 1 diabetes who were
consecutively switched to CSII in our
hospital because of persistently high
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A1C or frequent hypoglycemia despite a
well-managed intensive basal-bolus ther-
apy. Rapid-acting analogs (NovoRapid
[insulin aspart]; Novo Nordisk, Bagsvaerd,
Denmark, or Humalog [insulin lispro]; Eli
Lilly, Indianapolis, IN) were used for meals
and bolus corrections. Once- or twice-daily
Lantus (insulin glargine; Sanofi, Paris,
France) or Levemir (insulin detemir;
Novo Nordisk, Bagsvaerd, Denmark)
were mainly used for basal coverage.
A few patients used NPH as basal insulin.
Patients were asked to perform at least four
capillary blood glucose determinations per
day and to keep a log book of insulin and
glucose data. They were also taught to
document hypoglycemia by obtaining a
capillary glucose determination whenever
possible.

Initiation of CSII was performed
during a short hospitalization. A Med-
tronic pump (Paradigm or Veo; Med-
tronic, Minneapolis, MN) with insulin
lispro or insulin aspart was used for all
patients. During the initial 3- to 5-day
inpatient period, a diabetes nurse and a
dietitian conducted several education ses-
sions about insulin adjustments, basic
carbohydrate counting, and pump man-
agement. Basal rates were determined as a
function of insulin dosage on MDI and
were adjusted during the inpatient period
dependent on daily eight-point glucose
profiles. Patients returned thereafter to
the outpatient clinic after 6 weeks, 3
months, and 6 months for self-monitoring
of blood glucose (SMBG) profile review
and education, insulin dosage adjust-
ments, blood sampling, and clinical eval-
uation. A1C was assessed by a Diabetes
Control and Complications Trial stan-
dardized cation-exchange chromato-
graphic assay (nondiabetic reference
4–6%) and measured from venous blood
samples during the hospitalization for
CSII initiation and then at 3- and 6-month
visits. The hospital’s ethics committee ap-
proved the study.

Glucose profiles and variability
SMBG data were downloaded from pa-
tients’ glucose meters at each visit and
converted to raw data for further calcula-
tions. When raw glucose data were not
available, printed glucose profiles were
scanned and digitized with Engauge Dig-
itizer software (http://digitizer.source-
forge.net) to retrieve numeric data. Data
from a 1-month period preceding as close
as possible (and no more than 3 months
from) the initial hospitalization and the

6-month visit were used for calculation
of SMBG frequency, glucose mean, docu-
mented hypoglycemic events, and glu-
cose variability.

We determined glucose variability
with several SMBG-derived indices, since
there is no gold standard method and
each of them may be sensitive to different
aspects of variability (21). In addition to
SD, we calculated the percent coefficient
of variation (%CV = 1003 SD/mean), the
low blood glucose index (LBGI), the high
blood glucose index (HBGI), and the av-
erage daily risk range (ADRR), which
amalgamates information similar to
LBGI and HBGI with a supplementary
level of aggregation (21–25). ADRR was
computed only when SMBG data con-
tained at least three readings/day for at
least 14 days during the 1-month period
to guarantee its reliability (24).

Hypoglycemia
Documented low-glucose events (symp-
tomatic and asymptomatic) ,70 mg/dL
(3.9 mmol/L), 60 mg/dL (3.3 mmol/L),
and 50mg/dL (2.8mmol/L) were counted
fromSMBGvalues by an algorithm encoded
in Microsoft Excel (version 2010; Micro-
soft, Redmond,WA). To avoid taking into
account multiple glucose determinations
of the same event, we used an algorithm
that considered values in a row below the
cutoff as a single episode. Hypoglycemic
events were reported as events per patient
per week, and change in number of events
(Δhypoglycemia) was calculated as the dif-
ference in number of episodes per patient
per week ,60 mg/dL (3.3 mmol/L) from
MDI to CSII and expressed in events per
patient per week or relative percentage of
change.

Statistical analysis
Normal distribution was assessed for each
variable using the Shapiro-Wilk test. Re-
sults are expressed as means 6 SD for
parametric data andmedian (interquartile
range) for nonparametric data unless oth-
erwise stated. Comparisons between
groups were performed using two-tailed
paired Student t, Wilcoxon, or Mann-
Whitney U tests as appropriate. Linear
regression analysis was used to detect pre-
dictors for hypoglycemic events and A1C
outcomes on CSII. Variables tested in the
univariate analysis were age, diabetes du-
ration, baseline A1C, mean blood glu-
cose, number of low glucose events
(,70, ,60, and ,50 mg/dL), SMBG
measurements per day, SD of blood glu-
cose, %CV of blood glucose, LBGI, HBGI,

and ADRR. Variables correlated with the
respective outcome at P , 0.20 were en-
tered in a stepwise multivariate regression
analysis. Other correlations were ana-
lyzed by means of Spearman correlation
test. For intertertile A1C comparisons, we
used one-way unpaired ANOVA with
post hoc Tukey test when statistically dif-
ferences were found. For intertertile com-
parisons of hypoglycemic events, LBGI,
HBGI, and ADRR, we used the Kruskal-
Wallis test with post hoc Mann-Whitney
U testing when statistically significant dif-
ferences were found. P values,0.05 were
considered statistically significant. All sta-
tistical calculations were performed with
the StatEL software (version 2.6, www.
adscience.eu) add-on for Microsoft Excel
(version 2010; Microsoft). Regression
lines and receiver operating characteristic
(ROC) curves were generated byMedCalc
software (version 12.3, www.medcalc
.org).

RESULTSdThirteen patients were
not included in the analysis because of
incomplete baseline SMBG data. One
patient was excluded because she became
pregnant,6 months after CSII initiation,
and five other patients were excluded be-
cause they did not have sufficient SMBG
data after the switch to CSII. The final co-
hort thus consisted of 50 patients aged
21–71 years with long-standing type 1 di-
abetes (mean 6 SD 19.9 6 10.4 years)
and indices of high glucose variability
(see Table 1). The primary indication for
CSII was for persistent hyperglycemia in
26 patients (52%), frequent or severe hy-
poglycemia in 18 patients (36%), and
mixed (both hyperglycemia and hypogly-
cemia) in 6 patients (12%).

After 6 months’ treatment with CSII
(Table 1), there was a significant reduc-
tion in mean 6 SD blood glucosedfrom
176 6 37 mg/dL on MDI to 160 6 34
mg/dL with CSII (P = 0.0015)dwhich is
reflected by the significant improvement
in A1C, 8.046 1.16% onMDI vs. 7.486
0.90% on CSII: a decrease of 0.56% (P =
0.00001). This significant improvement
in A1C was not accompanied by an
increased rate of hypoglycemic events
(events/patient/week) ,50 mg/dL (2.8
mmol/L), median 0.74 (interquartile
range 0.23–1.92) vs. 0.90 (0.23–2.13)
(P = NS), or ,60 mg/dL (3.3 mmol/L),
2.07 (0.93–3.27) vs. 2.32 (1.18–3.67)
(P = NS). However, there was a trend to-
ward an increase in documented events
,70 mg/dL (3.9 mmol/L): 2.76 (1.53–
4.55) vs. 3.39 (2.23–5.18) (P = 0.059).
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There was also a slight but significant in-
crease in mean SMBG measurements:
3.65 6 1.04 on MDI vs. 3.97 6 1.16 on
CSII (P = 0.017). Several of our patients
experienced one or more episodes of se-
vere hypoglycemia (data not shown). Be-
cause of the short follow-up time of this
study, the number of these events was too
low to be analyzed accurately.

We observed a decrease in glucose
variability assessed by ADRR after 6
months on CSII: median 38.99 (inter-
quartile range 34.79–46.88) on MDI vs.
34.25 (28.81–42.82) on CSII (P = 0.017).
When LBGI and HBGI, which are selec-
tively sensitive to low and high glucose
peaks, are considered, it appears that
this benefit was entirely the result of the
reduction of high blood glucose peaks, as
HBGI decreased from 11.80 (8.24–15.22)
to 8.89 (5.95–12.23) (P = 0.00031) while
LBGI did not change. Glucose SD de-
creased significantly: 90.76 6 20.56 vs.
83.46 6 25.05 mg/dL (P = 0.0061), but
%CV did not change. At baseline, LBGI
was higher in patients switching to CSII

because of hypoglycemia (median 3.39
[interquartile range 2.54–4.53]) in com-
parisonwithwhose switching for sustained
hyperglycemia (2.58 [1.46–4.52]), but
given the small number of patients in
each group, this did not reach significance
(P = 0.068).

Multiple regression analysis and ROC
curves of predictors of outcome
To identify potential predictive factors of
glycemic outcome, we performed a uni-
variate regression analysis: first against
reduction of hypoglycemic events (Δhy-
poglycemia) and then against lowering of
A1C level (ΔA1C). Correlations at the P,
0.2 level with the corresponding outcome
are shown in Table 2.

Baseline LBGI and number of events
,50 mg/dL were the best correlates with
the Δhypoglycemia outcome (R2 = 0.195
and 0.165, respectively). In the multi-
variate analysis, only baseline LBGI corre-
lated independently with Δhypoglycemia
(R2 = 0.195, P = 0.0013). The regression
line is shown in Fig. 1A. Correlation was

similar when the 70 mg/dL (3.9 mmol/L)
threshold for Δhypoglycemia was used.
However, when the reduction of hypogly-
cemic events ,50 mg/dL (2.8 mmol/L)
was taken as outcome, the best indepen-
dent correlate was no longer LBGI but,
rather, the baseline number of events
,50 mg/dL (2.8 mmol/L) (R2 = 0.340,
P = 0.00001) (Supplementary Table).

We then constructed an ROC curve to
determine the optimal LBGI cutoff for
predicting a reduction of hypoglycemic
events (Δhypoglycemia,0). The area un-
der the curve (AUC) was 0.744 6 0.073
(P = 0.0009 in comparison with area =
0.5), and the LBGI value of 3.34 gives
the best compromise of sensitivity,
70.8% (95% CI 48.9–87.4), and specific-
ity, 73.1% (52.2–88.4), in our cohort
(Fig. 1B). When analyzing subgroups by
function of the pump indication, we
found an ROC curve with an AUC of
0.690 6 0.113 (P = 0.09) for patients
with persistent hyperglycemia on MDI
and of 0.85 6 0.116 (P = 0.0026) for
patients with frequent or severe hypogly-
cemia. In this group, sensitivity reached
75% (34.9–96.8) and specificity 100%
(69.2–100.0), but the number of patients
in each subgroup was insufficient to
compare the curves between them
(Fig. 1B).

Several factors significantly correlated
with the change in A1C with CSII, the
best correlates being baseline A1C level
(R2 = 0.403, P = 0.00001) and LBGI on
MDI (R2 = 0.126, P = 0.008). In the mul-
tivariate analysis, only baseline A1C level
(R2 = 0.403, P = 0.00001) and, to a lesser
extent, diabetes duration (R2 = 0.056, P =
0.0093) were independently correlated
with ΔA1C. The regression line for A1C
is displayed in Supplementary Fig. 1A.

Baseline A1C also correlates nega-
tively with baseline LBGI (R2 = 0.216,
P = 0.0011) (Supplementary Fig. 1B).
Given that LBGI correlates with the Δhy-
poglycemia outcome, it would be intui-
tive to postulate that baseline A1C also
correlates with the Δhypoglycemia out-
come, but we did not find such correla-
tion (Supplementary Table 1).

Analysis by LBGI tertiles
To display the combined correlations
between baseline LBGI and Δhypoglyce-
mia, baseline A1C and baseline LBGI, and
baseline A1C and ΔA1C, we compared
the outcome of the patients divided into
three equal groups sorted by ascending
value of baseline LBGI (tertiles). The third
tertile (median 5.84 [range 4.18–9.34])

Table 1dCharacteristics of study patients

On MDI
(baseline)

On CSII
(month 6 visit) P

Clinical characteristics
n 50
Sex (male/female) 20/30
Age (years) 50.5 (38–53)
Type 1 diabetes duration (years) 19.9 6 10.4

Primary indication of CSII
Persistent hyperglycemia 26
Frequent or severe hypoglycemia 18
Mixed (including two patients
planning pregnancy) 6

Diabetes management
A1C (%) 8.04 6 1.16 7.48 6 0.90 0.00001
Mean of blood glucose (mg/dL)* 176 6 37 160 6 34 0.0015
Blood glucose ,70 mg/dL
(3.9 mmol/L)*† 2.76 (1.53–4.55) 3.39 (2.23–5.18) 0.059

Blood glucose ,60 mg/dL
(3.3 mmol/L)*† 2.07 (0.93–3.27) 2.32 (1.18–3.67) NS

Blood glucose ,50 mg/dL
(2.8 mmol/L)*† 0.74 (0.23–1.92) 0.90 (0.23–2.13) NS

SMBG measurements per day* 3.65 6 1.04 3.97 6 1.16 0.017
Glucose variability
SD of blood glucose (mg/dL)* 90.76 6 20.56 83.46 6 25.05 0.0061
%CV of blood glucose* 52.02 6 8.93 51.54 6 8.56 NS
LBGI* 3.20 (1.60–4.52) 3.49 (1.88–5.64) NS
HBGI* 11.80 (8.24–15.22) 8.89 (5.95–12.23) 0.00031
ADRR*x 38.99 (34.79–46.88) 34.25 (28.81–42.82) 0.017

Data are means6 SD, median (interquartile range), or n unless otherwise indicated. *All data derived from
SMBG were calculated from the 1-month period preceding the visit. †Hypoglycemia is reported as events/
patient/week. xADRR was computable on 39 patients’ datasets only.
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was associated with a reduction in hypo-
glycemia of 0.85 6 1.48 events/patient/
week (or a 23.3% decrease) when treated
with CSII (P, 0.05 vs. MDI). In the first
tertile (1.20 [0.62–2.05]), hypoglycemia
was not reduced but increased to 1.14 6
1.38 events/patient/week (P , 0.01 vs.
MDI, P , 0.003 for intertertile compari-
son) (Fig. 2A). In accordance with the
change in hypoglycemia, patients with
the highest baseline LBGI (third tertile)
had significantly reduced LBGI value
when switching to CSII, –1.56 6 2.21

(P , 0.05 vs. MDI), while in the first ter-
tile LBGI increased by 1.88 6 2.44 (P ,
0.01 vs. MDI, P , 0.0007 for intertertile
comparison) (Fig. 2B).

Consistent with the LBGI and A1C
correlation, the first tertile was the one
with the highest baseline A1C, 8.69 6
1.08 vs. 7.396 1.02% for the third tertile
(P , 0.004 for intertertile comparison),
and it benefitted from the best A1C reduc-
tion, 20.99 6 0.64% (P = 0.00001 vs.
MDI, P , 0.014 for intertertile compari-
son) (Fig. 2A). The reduction in A1C was

also accompanied by the greatest HBGI
reduction: –6.08 6 0.64 (P , 0.01 vs.
MDI, P , 0.0008 for intertertile compar-
ison) (Fig. 2B).

Finally, patients from the middle
tertile (median 3.34 [range 2.19–4.13])
experienced a smaller but significant im-
provement in A1C, 20.46 6 0.66% vs.
MDI (P = 0.01), without significant
change in hypoglycemia.

CONCLUSIONSdWe describe here a
cohort of 50 patients with a long duration
of type 1 diabetes who switched from
MDI to CSII. Their mean number of
events ,60 mg/dL (3.3 mmol/L) corre-
sponds well to the number of symptom-
atic hypoglycemic events experienced by
an average patient with type 1 diabetes
(17), and their overall outcome in terms
of A1C and hypoglycemia was similar to
that usually reported in the literature:
A1C was reduced by ~0.5%, without a
significant increase in hypoglycemia. In
accordance with previous continuous
glucose monitoring system studies, we
also observed significant reductions in
glucose variability (assessed by ADRR)
and hyperglycemic peaks (assessed by
HBGI) after switching to CSII (26,27).

Our main finding was that baseline
LBGI derived from a 1-month period of
systematic SMBG predicts hypoglycemia
outcome onCSII. By virtue of choosing an
appropriate cutoff, the sensitivity and
specificity of LBGI to predict a reduction
in hypoglycemic events were both.70%,
and these scores might be even better in
the subgroup of patients switched to the
pump for frequent or severe hypoglyce-
mia.

We also show that LBGI, which is
sensitive to both the magnitude and
frequency of low glucose events, is a
better predictor of the hypoglycemia out-
come than baseline hypoglycemic event
rates alone. Documenting hypoglycemic
events in a retrospective study has limi-
tations because there is a risk of under-
reporting. However, this situation
corresponds to real-life, where the assess-
ment of hypoglycemic events during rou-
tine visits is largely retrospective.
Moreover, LBGI calculations have been
validated with SMBG collections of no
more than 50 readings over a 2- to 3-week
period (28).

Although we were unable to show an
overall improvement of hypoglycemia
with CSII, LBGI divided our population
into two groups (first and third tertiles)
with opposite outcomes. Patients with

Table 2dUnivariate and multivariate analysis of predictors of A1C and hypoglycemia
outcomes on CSII

Univariate Multivariate

R2 P R2 P

DHypoglycemia on CSII*
Mean of blood glucose† 0.106 0.017
Blood glucose ,70 mg/dL
(3.9 mmol/L) on MDI† 0.144 0.004

Blood glucose ,60 mg/dL
(3.3 mmol/L) on MDI† 0.148 0.004

Blood glucose ,50 mg/dL
(2.8 mmol/L) on MDI† 0.165 0.002

%CV on MDI† 0.156 0.003
LBGI on MDI† 0.195 0.0007 0.195 0.0013
HBGI on MDI† 0.072 0.054

DA1C on CSII
Age 0.038 0.17
Type 1 diabetes duration 0.056 0.091 0.056 0.0093
Mean of blood glucose† 0.051 0.11
A1C on MDI 0.403 0.00001 0.403 0.00001
%CV on MDI 0.084 0.036
LBGI on MDI 0.126 0.008

*ΔHypoglycemia is the difference in number of hypoglycemic events ,60 mg/dL (3.3 mmol/L) on CSII vs.
MDI. †All data derived from SMBG were calculated from the 1-month period preceding the visit.

Figure 1dPrediction of Δhypoglycemia outcome on CSII by LBGI. A: Regression line of baseline
LBGI for changes in hypoglycemic events (,60 mg/dL [3.3 mmol/L]) on CSII. Dotted lines are
95% CI. B: ROC curve of LBGI as predictor of a reduction of hypoglycemic events on CSII in the
entire cohort (solid line) and in the subgroups switching to CSII because of hyperglycemia
(dashed line) and hypoglycemia (dotted line).
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the lowest LBGI values experienced im-
provements in HBGI and A1C but with
increased LBGI and more hypoglycemia.
By contrast, patients with the highest
LBGI values improved their LBGI and
experienced a decreased number of hy-
poglycemic events but with no significant
improvement in A1C or HBGI. This
findingmay explain the conflicting results
in the literature regarding hypoglycemia
outcome with CSII treatment. Indeed, in
the absence of a systematic determination
of baseline LBGI before switching to
CSII, a small imbalance in favor of pa-
tients with higher LBGI values may lead
to a better global hypoglycemia outcome
and vice versa.

Previous data support our results.
Patients with type 1 diabetes with the

highest rates of severe hypoglycemia on
MDI experience the largest reduction in
severe hypoglycemic episodes when
switched to CSII (8). Given that LBGI cor-
relates with risk of severe hypoglycemia
(23,28), it is likely that this high-risk pop-
ulation also has high LBGI values, which
would be consistent with our results
showing that patients with the highest
LBGI display the greatest reduction in hy-
poglycemic events.

We confirmed that baseline A1C cor-
relates well with A1C reduction with CSII
(6,8,14–16) but, on the other hand, pro-
vides no indication about response to hy-
poglycemia, although baseline A1C
correlates (negatively) with baseline
LBGI. As LBGI is computed from actual
glucose values and not from amplitude of

glucose excursions, an SMBG profile
with a higher glucose mean will be asso-
ciated with a lower LBGI than another
profile with the same intrinsic glucose
variability but with lower mean glucose.
We thus hypothesize that high A1C may
lower LBGI in a way not directly linked to
the intrinsic variability and the hypogly-
cemia risk.

In summary, LBGI derived from
SMBG data is, as far as we know, the first
identified predictor of mild hypoglycemia
outcomewhen switching to CSII. Patients
with the highest LBGI values experience
the greatest reduction of hypoglycemia,
while those with the lowest LBGI values
and the highest starting A1C level obtain
the greatest lowering of A1C on CSII. We
are now undertaking a prospective trial
using both SMBG and continuous glucose
monitoring system data to confirm these
findings.
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