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Aim: In the present analysis, we characterised the efficacy and safety of adding a single
daily injection of insulin glulisine to optimised basal-supported oral therapy (BOT) in
patients with a high BeAM value, defined as a more than 50 mg/dl difference between
bedtime and pre-breakfast blood glucose.

Methods: The BeAM value was retrospectively calculated for patients pooled from two
clinical trials that supplemented BOT with glulisine. Data regarding changes in HbAlc,
fasting plasma glucose (FPG), and postprandial glucose (PPG) levels from observation
periods of 3 to 6 months were assessed.

Results: Out of 358 patients that received BOT/glulisine, 182 had a high BeAM value. Patients
with a high BeAM value were older and had a longer diabetes duration than patients with
a medium BeAM value. Significant reductions in HbAlc (7.5% to 7.2% [59 to 55 mmol/mol],
p<0.0001) and PPG (202 to 143 mg/dl, p<0.0001) levels were documented. The proportion of
patients with a high BeAM value achieving an HbAlc <7% [53 mmol/mol], alone or in
combination with no hypoglycaemia, was lower than that of patients with a medium BeAM value.
Conclusion: The analysis indicates that the supplementation of BOT with a single daily
injection of prandial insulin is safe and effective for reducing HbAlc and PPG levels in
patients with a high BeAM value (more than 50 mg/dl). However, patients with a medium
BeAM value also responded well, which suggests that they should also be considered
candidates for this change in therapy.
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Introduction
Type-2 diabetes is a progressive disease, with B-cell function and insulin sensitivity
decreasing over time." As a result, anti-diabetic treatment needs to be gradually
intensified in order to maintain glycaemic control.> Oral monotherapy with metfor-
min is usually the first line of treatment after diagnosis followed by oral combina-
tion therapy. Eventually, insulin will be necessary if sufficiently low blood glucose
levels are to be achieved and maintained.> The addition of long-acting insulin
glargine to the oral treatment is a well-established method of intensifying diabetes
treatment (basal-supported oral therapy; BOT).

While this approach has been shown to effectively reduce blood glucose levels,
postprandial hyperglycaemia can still be a problem in some patients, even those
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who have achieved significant reductions in HbAlc
levels.*© It is essential that such excursions are controlled,
as they are associated with increased cardiovascular
risk.”® One approach to overcoming this problem is the
use of an injection of a short-acting insulin such as gluli-
sine just prior to the meal with the highest glycaemic
impact (basal-plus strategy).'™'" This has been shown to
effectively improve glycaemic control.'?”'> However, it is
not always clear at what point continued titration of basal
insulin stops being beneficial, and prandial insulin supple-
mentation becomes necessary. Therefore, a simple evi-
dence-based method to determine the requirement for
prandial insulin supplementation is required.

A straightforward method that provides such criteria
has been developed recently.'®'” The BeAM value is
a factor that is calculated by subtracting a patient’s morn-
ing (AM) blood glucose level from the one measured at
bedtime (Be) the previous night. BeAM was analysed and
explored in 1401 patients with type 2 diabetes mellitus; the
BeAM categories <0, 0 to 50 and >50 mg/dl corresponded
to almost equal proportion of the patients (33.1%, 36.8%
and 30.0%, respectively).'® A high BeAM value (>50 mg/
dl) is indicative of postprandial glucose (PPG) excursions
during the day giving a large bedtime value, in addition to
well-controlled fasting blood glucose (FBG) giving a low
morning measurement. Therefore, a high BeAM value
suggests the need for prandial insulin supplementation.

In the present study, we retrospectively assessed
a population of type 2 diabetes patients with a high
BeAM value who were being BOT treated, and evaluated
the efficacy and safety of adding a single daily injection of
prandial insulin to their treatment regimen.

Materials and Methods
Study Design and Patients

The present study is a retrospective analysis of anon-
ymized data collected in two randomised, multi-centre
clinical trials, the Orals Plus Apidra and Lantus (OPAL)
study and the Proof-of-Concept (POC) study.'*"'* Data on
the value of a negative BeAM value have been published
previously.'® The study required no ethical approval as it
was based on already collected, anonymized data.

In short, data from a total of 358 patients with type-2
diabetes who were being treated with insulin glargine, with
the subsequent addition of a single pre-meal injection of
insulin glulisine at baseline, were included. The BeAM
value was calculated for each patient (bedtime blood

glucose minus pre-breakfast blood glucose), and patients
with a high BeAM value (>50 mg/dl) were compared to
those with a BeAM value between 0 and 50 mg/dl.
Inclusion and exclusion criteria for the two trials are
detailed elsewhere.!>!* Briefly, in the POC trial, the dose
of insulin glargine was optimised via titration against FBG
over a period of 3 months to achieve a target value of
<100 mg/dl at baseline. Insulin glulisine was added prior
to the main meal (10 breakfast, 14 lunch, 25 dinner).13 In
the OPAL trial, 162 patients received their insulin glulisine
at breakfast (Group 1), and 154 at the main meal (Group 2;
no additional information on which meal was considered
to be the “main meal” was provided).'* During the screen-
ing period, the main mealtime was individually determined
by the
2-h postprandial (2h-pp) BG values after breakfast
(between 06:00 and 09:00 hours), lunch (between 11:00
and 14:00 hours) and dinner (between 18:00 and 21:00
hours) on three different days. The main mealtime was

recording median of mealtime-specific

defined as the maximum of the three medians. While there
was no specific optimisation, patients were excluded if
they recorded more than two FBG readings of >120 mg/
dl in the five consecutive days before baseline. The pur-
pose of the POC and OPAL trials was to intensify treat-
ment using insulin glulisine were to improve glucose
control with respect to the 2h-pp BG values (OPAL: <7.5
mmol/l), the FBG (POC and OPAL: <5.5 mmol/l.

For the BeAM analysis specifically, patients were
required to have HbAlc measurements at the start and
end of the trial in order to be included. Any patients with
an HbA 1c value <7% [53 mmol/mol] after insulin glargine
optimisation were excluded. During the trial periods, insu-
lin glulisine was titrated to give a 2-h PPG level of
<135 mg/dl or a pre-meal blood glucose level of
100-120 mg/dl (POC trial only).

Documentation

Baseline patient characteristics including age, gender,
weight, body mass index (BMI), diabetes history, diabetes
treatment history, HbAlc level, FBG level, PPG level, and
dosage of both insulin glargine and insulin glulisine were
pooled for analysis. A mean 7-point daytime blood glu-
cose profile (before and 2 h after each meal) was con-
structed by combining those recorded just prior to the
baseline of the two trials. Patient characteristics recorded
at the end of the study periods were compared to those
recorded at baseline.
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Any hypoglycaemic events that occurred during the
trial periods were classified as symptomatic, severe, or
nocturnal. Symptomatic hypoglycaemia was defined as
blood glucose <60 mg/dl with symptoms, while severe
hypoglycaemia was defined as blood glucose <36 mg/dl.
These definitions were chosen based on the research pro-
tocols of the two underlying trials rather than on more
recent recommendations.

Study Endpoints

The primary objectives of the analysis were to determine
the efficacy and safety of adding prandial insulin to BOT
in patients with a high BeAM value. This included evalua-
tion of changes in HbAlc, PPG, FPG, weight, and BMI, in
addition to the occurrence of hypoglycaemia, after the
addition of insulin glulisine. Further composite endpoints
were also assessed, defined as 1) HbAlc <7% [53 mmol/
mol], 2) HbAlc <7% [53 mmol/mol] and no symptomatic
hypoglycaemia, 3) HbAlc <7% [53 mmol/mol] and no
severe hypoglycaemia, 4) HbAlc <7% [53 mmol/mol]
and no weight gain, 5) HbAlc <7% [53 mmol/mol] and
no symptomatic hypoglycaemia and no weight gain, 6)
HbA1c <7% [53 mmol/mol] and no severe hypoglycaemia
and no weight gain.

Statistical Analysis

Descriptive statistics were used to describe patient demo-
graphics and clinical characteristics. The count and asso-
ciated percentage of the total were reported for all
categorical variables. The mean and standard deviation
(SD) are reported for continuous variables. Descriptive
statistics were also used to measure and describe the
efficacy and safety outcome measurements. Association
of BeAM value with the incidence of hypoglycaemia and
composite endpoints were evaluated using logistic regres-
sion analyses. Odds ratio (OR) estimates, Wald 95% con-
fidence intervals, and p-values derived from maximum
likelihood estimates are reported. All statistical analyses
were carried out using the SAS® 9.3 software.

Results

Patient Characteristics

Of the 358 patients included in the analysis, 182 had
a high BeAM value (>50 mg/dl) and 145 were calculated
to have a medium BeAM value (0-50 mg/dl). The high
BeAM value group was slightly older (63.9 vs 61.9 years),
had a lower mean BMI (30.7 vs 32.3 kg/m?) and a longer

Kress et al
Table | Patient Characteristics at Baseline
High BeAM Medium BeAM p-value
Value (n = 182) Value (n = 145)
Age (years) 63.9 £ 9.0 61.9 87 0.021
Male (%) 55.5 55.2 0.478
Weight (kg) 877+ 17.0 928 + 16.9 0.004
BMI (kg/m?) 30.7 £ 5.1 323+52 0.003
HbAIc level (%) 75+ 0.7[59 7] 7.3 £ 0.7 [56 * 8] 0.005
[mmol/mol]
FBG (mg/dl) 105.6 + 16.0 108.3 + 15.2 0.060
PPG (mg/dl) 201.8 + 47.9 172.9 + 332 <0.001
Diabetes duration 115+74 9.8 £ 6.5 0.014
(years)
OAD treatment 9.7 £ 6.7 77 +£53 0.001
duration (years)
Insulin treatment 23+23 1919 0.043
duration (years)

Notes: Data are given as mean + SD or percentage. High BeAM value is >50 mg/dl;
medium BeAM value is 0-50 mg/dl. BMI, body mass index; HbAlc, glycated
haemoglobin; FBG, fasting blood glucose; PPG, postprandial glucose; OAD, oral
antidiabetic drug.

diabetes duration (11.5 vs 9.8 years) than patients with
a medium BeAM (Table 1). Accordingly, the high BeAM
group had been treated with both oral antidiabetic drugs
and insulin for a longer duration than the medium group.
In terms of blood glucose levels, the high BeAM group
had a slightly lower mean FBG level (105.6 vs 108.3 mg/
dl), slightly higher mean HbAlc (7.5 vs 7.3% [59 vs 57
mmol/mol]), and a significantly higher mean PPG (201.8
vs 172.9 mg/dl).

Mean 7-point blood glucose profiles constructed from
those measured just prior to the baseline of the two trials
are shown in Figure 1. It is evident that the high BeAM value
group experienced a steeper rise in blood glucose after each
of the three meals of the day. This resulted in a significantly
higher reading at bedtime (199.9 vs 138.3 mg/dl for the high
and medium groups, respectively).

Changes in Patient Characteristics During
the Study Period

A significant decrease in HbAlc was documented for the
patients in both groups (p<0.0001) (Table 2). PPG levels
also decreased, with a more substantial reduction evident
for the high BeAM group. FBG levels increased in both
sets of patients (p<<0.0001 and p=0.0031, respectively).
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Figure | Variation in daytime blood glucose level at baseline.
Note: Blood glucose measurements were taken before and 2 h after each meal.

The dosage of insulin glargine increased during the
study period for both the high (37.8 to 44.7 units;
p<0.0001; A +6.9 units) and the medium (35.7 to 42.2
units; p<0.0001; A +6.5 units) BeAM value groups.
Titration of insulin glulisine during the study resulted in
a mean increase in the high group from 5.1 to 12.3 units (A
+7.3 units) and in the medium group from 4.9 to 11.2 units
(A +6.3 units). The high BeAM value group experienced
an increase in BMI during the study period, while that of
the medium group remained relatively constant.

Endpoint Achievement

Incidence rates of confirmed symptomatic, nocturnal, and
confirmed severe hypoglycaemia were slightly higher for
patients with a high BeAM value in comparison to those
with a medium value (Table 3). The proportion of patients
achieving an HbAlc level below the target of 7% [53
mmol/mol], on the other hand, was lower for the high

BeAM group in comparison to the medium group (39.0
vs 62.8%, respectively; Table 3). This trend was also
evident for each of the composite endpoints, although for
those including no weight gain, this was less distinct.
Accordingly, a high BeAM value was found to be
a predictor for a lower achievement rate for the composite
endpoints of HbAlc <7% [53 mmol/mol], and HbAlc
<7% [53 mmol/mol] plus no incidence of confirmed symp-
tomatic hypoglycaemia, with ORs suggesting that patients
with a medium BeAM value were more likely to achieve
these endpoints (OR, 1.842; 95% CI, 1.071-3.170; and
OR, 1.845; 95% CI, 1.081-3.148; Table 4). The BeAM
value appeared not to be an indicator for the achievement
of endpoints that included no weight gain.

Discussion

BOT-treated patients who had undergone basal insulin opti-
misation were assigned a BeAM value calculated from two
self-measured blood glucose readings, one at bedtime and the
other prior to breakfast the next day. The role of a negative
BeAM value has been discussed extensively and, in these
patients, supplementation of BOT with prandial insulin is not
beneficial. Patients with negative BeAM values are typically
younger, had a shorter duration of diabetes and lower HbAlc
levels.'” A high BeAM value is indicative of a large bedtime
blood glucose level caused by postprandial hyperglycaemia
accumulating during the day. It is a sign that while the
administered basal insulin is sufficient for maintaining FBG
levels, diabetes has progressed to an extent that PPG cannot
be controlled via this treatment alone. The addition of an
injection of prandial insulin prior to meals provides an insulin
release profile that is relatively physiological.'® Furthermore,

Table 2 Change in Blood Glucose Related Characteristics During the Study Period

High BeAM Value (n = 182) Medium BeAM Value (n = 145)

Baseline Endpoint A p-value Baseline Endpoint A p-value
Weight (kg) 877 £17.0 88.6 = 17.1 +09 | <0.0001 928 £ 16.9 933+ 168 +05 0.045
BMI (kg/m?) 30.7 £ 5.1 311 £5.1 +04 | <0.0001 32352 325 5.1 +02 0.0427
HbAlclevel (%) [mmol/mol] | 75+0.7[59+7] | 72+08[55+9] | —0.3 | <0.000l | 73+07[56+8] | 69+08[52+9] | —04 | <0.000I
FBG (mg/dl) 105.6 £ 16.0 1143 £ 256 +87 | <0.0001 107.7 + 154 114.9 £ 252 +72 0.0031
PPG (mg/dl) 201.8 + 47.9 143.1 = 40.6 +58.7 | <0.0001 172.9 + 33.2 133.6 + 30.6 —39.3 | <0.0001
Insulin glargine dose (units) 378 £ 258 447 £ 31.8 +6.9 | <0.0001 357+ 173 422 +21.1 +6.5 | <0.0001
Insulin glulisine dose (units) 51 %18 123 £ 6.7 +73 | <0.0001 49 +24 112 £ 65 +6.3 | <0.0001

Notes: Data are given as mean + SD. High BeAM value is >50 mg/dl; medium BeAM value is 0-50 mg/dl.
Abbreviations: BMI, body mass index; HbAc, glycated haemoglobin; FBG, fasting blood glucose; PPG, postprandial glucose; SD, standard deviation.
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Table 3 Incidence of Hypoglycaemia® and Frequency of Composite Endpoints Achievement
High BeAM Value Medium BeAM Value p-value
(n=182) (n = 145)
Confirmed symptomatic hypoglycaemia® 52+ 118 28 +6.3 0.010
Nocturnal hypoglycaemia 1.0 + 3.1 03 +09 0.002
Confirmed severe hypoglycaemia® 0.03 +0.3 0002 0.149
HbAlc <7% [53 mmol/mol] 39.0 62.8 <0.0001
HbAlc <7% [53 mmol/mol] and no confirmed symptomatic hypoglycaemia® 23.6 40.7 0.0005
HbAlc <7% [53 mmol/mol] and no confirmed severe hypoglycaemia® 385 62.1 <0.0001
HbAlc <7% [53 mmol/mol] and no weight gain 19.8 30.3 0.0145
HbAlc <7% [53 mmol/mol] and no confirmed symptomatic hypoglycaemia 12.1 20.7 0.0177
and no weight gainb
HbAlc <7% [53 mmol/mol] and no confirmed severe hypoglycaemia and no 19.2 303 0.0102
weight gain®

Notes: Data are given as mean * SD or % of patients achieving endpoint. High BeAM value is >50 mg/dl; medium BeAM value is 0-50 mg/dl. *Events per patient-year.
bSymptomatic hypoglycaemia is defined as blood glucose <60 mg/dl. “Severe hypoglycaemia is defined as blood glucose <36 mg/dI.

Table 4 Endpoint Predictors for Medium vs High BeAM Value Groups

Odds (Wald 95% Confidence p-value

Ratio Limits)
Confirmed symptomatic hypoglycaemia® 0.702 (0.425-1.160) 0.167
Nocturnal hypoglycaemia 0.674 (0.322-1.411) 0.342
Confirmed severe hypoglycaemia® 0514 (0.050-5.326) 0.577
HbAlc <7% [53 mmol/mol] 1.842 (1.071-3.170) 0.027
HbAIc <7% [53 mmol/mol] and no confirmed symptomatic hypoglycaemia® 1.845 (1.081-3.148) 0.025
HbAlc <7% [53 mmol/mol] and no weight gain 1.104 (0.613-1.987) 0.742
HbAlc <7% [53 mmol/mol] and no confirmed symptomatic hypoglycaemia and no 1.156 (0.641-2.083) 0.630
weight gain®

Notes: *Symptomatic hypoglycaemia is defined as blood glucose <60 mg/dl. ®Severe hypoglycaemia is defined as blood glucose <36 mg/dl.

as the greatest contribution to daytime hyperglycaemia is
usually the largest meal, the addition of a single injection of
prandial insulin prior to the meal with the highest glycaemic
impact is often sufficient to achieve adequate blood glucose
control.'*'*'* With this in mind, we would suggest
a stepwise increase in the utility of the BeAM from low (no
indication for insulin glulisine), to medium (insulin glulisine
may or may not be a reasonable addition) to high (insulin
glulisine is a good treatment strategy).

One of the biggest challenges with studies such as this
is determining which is the patient’s largest/main meal — is

it breakfast, lunch or evening meal? Even in the two

studies used in this analysis, there were variations in the
largest meal. In the POC study, the main meal was break-
fast for 10 patients, lunch for 14 patients and dinner for 25
patients.'* Conversely, in the OPAL trial, 162 patients
received their insulin glulisine at breakfast (Group 1),
and 154 at the main meal (Group 2)." In an ideal scenario,
patients would consume their main meal at the same time
of day to allow for a more standardised treatment
approach, but this is unrealistic. The data provided in
this study, however, provide information on the effective-
ness of a single daily injection of insulin glulisine after the

main meal, irrespective of its timing.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14
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At baseline in the two trials that provided the data for
the BeAM study, patients were initiated on the basal-plus
strategy using insulin glulisine. For the present analysis,
information acquired over a 3- to 6-month observation
period was collected for patients with a retrospectively
calculated high or medium BeAM value. Patients with
high BeAM values were slightly older and had longer
diabetes duration, which is consistent with their disease
having progressed further than that of the medium BeAM
patients. Accordingly, their PPG levels were higher,
demonstrating that the basal insulin was not as effective
in controlling glucose levels after meals. As expected,
PPG levels decreased greatly as a result of the addition
of the prandial insulin to the BOT. Though this trend was
evident for both groups, a greater reduction was observed
in patients in the high BeAM group compared to those in
the medium group; demonstrating the particular efficacy of
the basal plus approach for the former patients.

HbAlc levels were reduced in both the high and med-
ium BeAM value groups, with no apparent difference
between groups in terms of magnitude. A higher propor-
tion of patients with a medium BeAM value achieved an
HbAlc level below 7% [53 mmol/mol] at the end of the
observation periods, which is unsurprising considering that
patients of this group were closer to the target value when
HbAlc levels were documented at baseline. On the other
hand, mean FBG levels increased slightly for both groups,
with a statistically significant rise for patients with a high
BeAM value. This may be due to sub-optimal insulin
glargine dosages due to more moderate titration of the
drug after the addition of insulin glulisine to the treatment
regimen. Indeed, increases in insulin glargine dosage dur-
ing the observation periods were fairly low. This indicates
that while the supplementation of BOT with prandial insu-
lin is efficient for reducing PPG and HbA1c levels, further
increases in basal insulin should not be overlooked.

Over the course of the study, the insulin glargine dose
increased in patients with both a high BeAM value (+6.9
units) and a medium BeAM value (+6.5 units). Absolute
doses were slightly higher in patients with a high BeAM at
both baseline and the follow-up. Increasing the basal insu-
lin dose contributes to improving the general glucose con-
trol, such as the HbAlc. Furthermore, the BeAM value
focuses on patients that may have appropriate HbAlc
values but still experience postprandial hyperglycaemia.
As insulin glargine doses were increased to a similar
extent in both groups, a bias arising from this for the
interpretation of the BeAM value is not expected.

Hypoglycaemic events were slightly more common in
the high BeAM group than in the medium group during
the study periods. However, less than 2% of patients
experienced a severe episode. This indicates that the addi-
tion of the prandial insulin to the BOT was relatively safe,
with rates of symptomatic hypoglycaemia similar to those
reported for patients receiving BOT in other studies.”’
While decreases in HbAlc levels were found for both
BeAM groups over time, a higher proportion of medium
BeAM patients achieved the target HbAlc endpoint (<7%
[53 mmol/mol]).
showed a high BeAM value to be associated with

Concurrently, multivariate analysis
a lower probability of patients achieving this endpoint.
Similarly, meeting the composite endpoint of HbAlc
<7% [53 mmol/mol] and no hypoglycaemia was also
found to be less likely for patients with a high BeAM
value. The achievement of composite endpoints which
included no weight gain as a criterion differed less
between the two groups, though the achievement rate
was again higher in the patients with a medium BeAM
value.

There are a number of limitations to the present study.
Firstly, as the data were pooled from two independent
trials, there are significant differences in the protocols.
The most notable of these is that only the POC trial
included a run-in period where the basal insulin was
optimised.'* Furthermore, the period between baseline
and endpoint was a lot shorter in the POC trial (3 months
in comparison to 6 months for the OPAL trial).'*'* These
relatively short data collection periods raise the question of
whether the dosages of insulin glargine and insulin gluli-
sine were fully optimised by study completion, and
whether the maximal therapeutic effects had been achieved
at this point. A longer observation period may have
demonstrated more significant differences in blood glucose
level changes and rates of hypoglycaemia, and future
studies should be carried out to investigate this hypothesis.
Ideally, this study would have used a control group.
Unfortunately, however, there was only a small number
of patients in the POC study who did not receive glulisine,
which leaves insufficient numbers of patients for reason-
able analyses in comparison to the other groups. Although
BeAM provides valuable data for this study, continuous
glucose monitoring would be the ideal modality to assess
the effect of adding insulin glulisine. Finally, the retro-
spective nature of this study is a limitation but is sufficient
for the proof-of-concept study presented here. Prospective

submit your manuscript

1220

Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Kress et al

determination of the BeAM value and its consideration for
treatment warrant further investigation.

Conclusions

The data indicate that insulin glulisine supplementation of
BOT is safe and effective for lowering HbAlc and PPG
levels in patients with a high BeAM value. However,
patients with a medium value also responded well to the
treatment change, with a significantly higher proportion
achieving the composite endpoints described here. This
suggests that the addition of prandial insulin to BOT
should be considered not only for patients with a high
BeAM value but also for those with a more moderate
value. The BeAM value is an easy-to-determine marker
for the utility of short-acting insulin and, therefore, should
be determined in all patients. Furthermore, the data
demonstrate the importance of continual optimisation of
basal insulin after the addition of prandial insulin
supplementation.
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