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Background: Prevailing insulin regimens for glycemic control in hospitalized patients have changed over time. We aimed to de-
termine whether the current basal-bolus insulin (BBI) regimen is superior to the previous insulin regimen, mainly comprising
split-mixed insulin therapy.

Methods: This was a single tertiary center, retrospective observational study that included non-critically ill patients with type 2
diabetes mellitus who were treated with split-mixed insulin regimens from 2004 to 2007 (period 1) and with BBI from 2008 to
2018 (period 2). Patients from each period were analyzed after propensity score matching. The mean difference in glucose levels
and the achievement of fasting and preprandial glycemic targets by day 6 of admission were assessed. The total daily insulin dose,
incidence of hypoglycemia, and length of hospital stay were also evaluated.

Results: Among 244 patients from each period, both fasting glucose (estimated mean=+standard error, 147.4+3.1 mg/dL vs.
129.4+3.2 mg/dL, P<0.001, day 6) and preprandial glucose (177.7+2.8 mg/dL vs. 152.8+2.8 mg/dL, P<0.001, day 6) were lower
in period 2 than in period 1. By day 6 of hospital admission, 42.6% and 67.2% of patients achieved a preprandial glycemic target
of <140 mg/dL in periods 1 and 2, respectively (relative risk, 2.00; 95% confidence interval, 1.54 to 2.59), without an increased in-
cidence of hypoglycemia. Length of stay was shorter in period 2 (10.23+0.26 days vs. 8.70+0.26 days, P<0.001).

Conclusion: BBI improved glycemic control in a more efficacious manner than a split-mixed insulin regimen without increasing
the risk of hypoglycemia in a hospital setting.
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INTRODUCTION

Diabetes is a pandemic disease, affecting the daily life of 463
million people globally [1]. One out of six hospitalized patients
have diabetes, and approximately 30% of hospitalized patients
experience hyperglycemic episodes during admission [2]. The
presence of hyperglycemia has been closely linked to adverse
outcomes in acute critical illness, including acute myocardial
infarction, stroke, and coronavirus disease 2019 (COVID-19)

[3,4]. In-hospital hyperglycemia is associated with increased
morbidity and mortality in critically ill patients admitted to the
intensive care unit; however, it has also proven to be an inde-
pendent risk factor for morbidity and mortality in patients ad-
mitted to surgery or general medicine wards [5,6]. In parallel, a
J-shaped glycemia-mortality risk curve has been observed [7-
10], emphasizing the importance of maintaining blood glucose
in an acceptable range to avoid hyperglycemia as well as detri-
mental hypoglycemia.
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One of the most alluring means of glycemic control in pa-
tients admitted to hospital, due to its simplicity, has been the
sliding-scale insulin injection (SSI), which entails administer-
ing a correctional dose of short- or rapid-acting insulin on de-
tection of hyperglycemia [11]. This approach is destined to re-
sult in suboptimal glycemic control as it overlooks anticipated
hyperglycemia, necessitating the implementation of a more
proactive scheduled insulin protocol [11-15]. The advent of the
structured basal-bolus insulin (BBI) algorithm has enabled
physicians to overcome the shortcomings of other insulin regi-
mens. The superiority of structured BBI over SSI was proven in
the Randomized Study of Basal-Bolus Insulin therapy in the
Inpatient Management of Patients with Type 2 Diabetes (RAB-
BIT2) study regarding target blood glucose achievement of
<140 mg/dL with no difference in the incidence of hypoglyce-
mia [16].

Another widely adopted algorithm for glycemic control was
the premixed insulin regimen, an example of the split-mixed
insulin regimen, especially prevalent in East Asian countries
until recently [16-18]. However, despite its potential advantag-
es of convenience, premixed insulin-based treatment can yield
maximum benefits only when the fixed ratio of rapid/short-
and intermediate-acting insulin accurately reflects the patient’s
requirement and patients comply with consistent daily rou-
tines regarding meals and physical activity.

As further real-world evidence has accrued to favor BBI over
SSJ, the standard insulin regimen for hospitalized patients has
gradually shifted from various insulin titration approaches to
BBI [19,20]. In our hospital, this transition from split-mixed
insulin therapy to BBI commenced in 2007; within BBI regi-
mens, the full adoption of structured BBI from the conven-
tional BBI ensued a few years later.

Despite the trend to shift to BBI utilizing insulin analogs, the
price of insulin inflated over the past two decades in the United
States affecting affordability. Consequently, use of less expen-
sive insulin formulations, i.e., human insulin in split-mixed in-
sulin regimen, has recently revived in patients suffering from
access to insulin [21]. However, research comparing the split-
mixed insulin regimen with BBI has shown conflicting results,
even in randomized clinical trials, and relatively limited infor-
mation regarding their competence is known in real-world, in-
hospital settings [22-28]. In this study, we aimed to compare
the efficacy and safety of the most widely used types of insulin
therapy from different periods (i.e., split-mixed insulin therapy
and BBI therapy) in a tertiary hospital.
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METHODS

Subjects

We conducted a retrospective analysis comparing type 2 dia-
betes mellitus patients treated with a BBI regimen with those
treated with all other insulin regimens at Seoul National Uni-
versity Hospital using clinical data warehouse and electronic
medical records. We selected patients admitted to the endocri-
nology division for glycemic control (Supplementary Fig. 1).

As soon as the data from the RABBIT?2 suggested superiori-
ty of the BBI regimen over SSI in September 2007, we com-
menced implementation of the BBI protocol in our hospital.
Therefore, we included 1,608 patients from 2008, considering
the transition period for the implementation of this system-
atized protocol. For comparison, 766 patients who were admit-
ted between October 2004 and August 2007 were selected, and
their data were retrieved from the clinical data warehouse: sex,
age, height, weight, Chronic Kidney Disease Epidemiology
Collaboration estimated glomerular filtration rate (CKD-EPI
eGFR), glycated hemoglobin (HbA1c), and the prescribed an-
tidiabetic medications. As regards information on the duration
of diabetes, measured glucose levels during hospital stay, and
the time and quantity of insulin administration, we reviewed
the electronic medical records.

For both groups, only patients who were treated for more
than 5 days were included, as the mean length of hospital stay
was longer than 5 days in the RABBIT? trial. Henceforth, for
the sake of simplicity, we assigned subjects who primarily re-
ceived split-mixed insulin therapy to the “period 1” group and
those who received the BBI regimen to the “period 2” group, in
chronological order. Within period 2, patients were further di-
vided into conventional BBI and structured BBI subgroups.
Briefly, conventional BBI is the traditional approach of adjust-
ing insulin dose as directed by physician, preferably endocri-
nologist, whereas structured BBI is a stepwise insulin titration
based on the adoption of the correction scale proposed by the
RABBIT?2 protocol [29].

Assessment of blood glucose levels and insulin doses

Assessment of glycemic control was based on fasting, prepran-
dial/postprandial, before-bedtime, and nocturnal readings of
blood glucose, which was measured using point-of-care (POC)
glucometers, with respect to administration of meal and bolus
insulin. Specifically, preprandial glycemic values were defined
as glucose values obtained nearest to the administration of bo-
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lus insulin during the typical mealtime interval and postpran-
dial glycemic values as the initial glucose value measurements
1.5 to 2.5 hours after bolus insulin delivery. If the bolus insulin
was not administered, glycemic values were arbitrarily defined
as the glucose values obtained in the designated time periods
(Supplementary Table 1). Bedtime blood glucose was defined
as the first glucose value obtained between 10:00 PM and 11:59
PM and dawn glucose as that between 2:00 AM and 4:00 AM.

Insulin therapy was also specified according to specific time
points as follows: basal insulin was calculated as the sum of the
total basal insulin administered during the day, and bolus in-
sulin was defined as preprandial if administered in between
the designated time periods (Supplementary Table 1). Bedtime
insulin was specified as the bolus insulin administered from
9:00 PM to 1:00 AM and when additional insulin was adminis-
tered during 1:00 AM and 4:59 AM, we delineated it as dawn
insulin.

Outcome measures

Glycemic control was assessed based on available measure-
ments of daily recorded POC blood glucose levels during hos-
pitalization. The assessment of POC glucose levels and insulin
doses is shown in Supplementary Table 1. There was a discern-
ible difference in the frequency of postprandial blood glucose
measurements between the groups, which was less than 0.2
times per day for period 1, whereas at least one glucose level
was recorded daily for period 2 (0.14+0.22 vs. 1.50+0.87, P<
0.001 during hospital stay, period 1 and 2, respectively) (Sup-
plementary Table 2). With limited postprandial glucose data
available for period 1, further analyses were conducted, mainly
focusing on preprandial glucose data.

The glucose profiles were compared between the periods at
each time point for the outcome measures. The mean of day 5
and 6 of hospital admission and that of day 1 and 2 were select-
ed to represent the results of the insulin regimens and the in-
dex date, respectively. The rationale behind our discretion was
that many patients were admitted late in the evening on the
day of admission and were either discharged on day 6 or trans-
ferred to other departments, leaving incomplete glycemic data.
The mean difference in POC glucose values and time to
achieve the preprandial glucose target, which is defined as a
value less than 140 mg/dL without hypoglycemia, were com-
pared between the periods. The achievement of both the mean
and all preprandial glucose levels was analyzed, where the lat-
ter was defined as a scenario in which every preprandial glu-
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cose level measured during the day was within the target range.
We also assessed the total daily dose of insulin, incidence of
hypoglycemia categorized into levels 1 (<70 mg/dL) and 2
(<54 mg/dL), and length of hospital stay in each period. In pe-
riod 2, an additional comparison was made between the struc-
tured and conventional BBI regimens.

Statistical analyses
Continuous variables are expressed as mean +standard error,
and categorical variables are presented as numbers and per-
centages. To balance any confounding covariates, 1:1 propensi-
ty score matching was conducted. The matched covariates in
the propensity score analysis included both dichotomous and
continuous variables: sex, age, body mass index (BMI), weight,
eGFR, duration of diabetes, and HbAlc. For propensity score
matching analysis, patients were 1:1 matched using the nearest
neighbor technique with a caliper width of 0.2, and an absolute
standard mean difference (SMD) of less than 0.1 was regarded
as a cutoff for the optimal matching of each covariate [30]. The
independent ¢-test and chi-square test were used to compare
the two groups in an unadjusted analysis. For multivariate
analyses, analysis of covariance (ANCOVA) was used for con-
tinuous variable outcomes, adjusted for age, sex, BMI, weight,
eGFR, duration of diabetes, HbAlc, number of concurrent an-
tidiabetic medications, antidiabetic medication use, and num-
ber of POC glucose measurements performed. A multiple lin-
ear regression model was used for P in the trend analyses.
Kaplan-Meier analysis, log-rank tests, and Cox regression
analyses were additionally performed to evaluate the extent of
glycemic target achievement in both intervention groups, fol-
lowed by subgroup analyses. The preprandial glycemic target
was defined as a blood glucose value less than 140 mg/dL with-
out hypoglycemia. Time-to-event data on preprandial glucose
levels was delineated on defining an “event” as the first day to
achieve the glycemic target. For multivariate analyses, we used
Cox regression analysis, adjusting for the same covariates as
those in the ANCOVA analysis. To properly interpret the Cox
regression analysis results, we used the term “relative risk
(RR)” instead of “hazard ratio” Subgroup analyses were per-
formed according to age, sex, BMI, eGFR, diabetes duration,
and HbAIc level, and the interaction between covariates was
also assessed. Differences were considered statistically signifi-
cant at P values less than 0.05, without correction for multiple
testing. All statistical analyses were performed using R soft-
ware version 4.0.3 (R Foundation for Statistical Computing,

441



Moon SJ, et al.

dmj

Vienna, Austria).

This study was conducted in accordance with the ethical
standards of the Declaration of Helsinki as well as national and
international guidelines. Due to a retrospective nature of our
study, written informed consent was waived. It was approved
by the Institutional Review Board of Seoul National University
Hospital (approval number: H-2002-026-1098).

RESULTS

Baseline characteristics

During period 1 (October 2004 to August 2007) and period 2
(January 2008 to December 2018), 303 and 295 patients met
the inclusion criteria, respectively. A matched cohort of 244 pa-
tient pairs was assembled using propensity score matching at a
ratio of 1:1. The clinical and demographic characteristics of the

Table 1. Baseline characteristics of the study patients

study population are shown in Table 1. The SMD was less than
0.1 across all variables, except for antidiabetic medications, in-
dicating that the matched variables, namely, age, sex, BMI,
eGFR, duration of diabetes, and HbA1c, were well balanced. In
both groups, the mean HbA1c level exceeded 10.0%, with a di-
abetes duration of more than 14 years. Obesity had low preva-
lence in both groups, with an average BMI of 24.5 kg/m” in
both periods. Various types of rapid- or short-acting insulin
were administered predominantly in combination with inter-
mediate-acting insulin in period 1 (Supplementary Table 3).

Comparison of glycemic control

In general, the average POC glucose value obtained during the
initial 6 days of admission was lower in period 2 (198.0£2.3
mg/dL vs. 181.3+2.3 mg/dL, P<0.001) (Supplementary Table
4). The mean dawn and fasting POC glucose values did not

Unmatched Propensity score matched
Characteristic
Period 1 Period 2 Pvalue SMD Period 1 Period 2 Pvalue SMD

Number 303 295 244 244
Age, yr 60.1+£12.5 61.6+£13.7 0.17 0.112 61.0+£12.1 61.1+£13.4 0.901 0.011
Male, sex 152(50.2) 142 (48.1) 0.679 0.041 117 (48.0) 113 (46.3) 0.786 0.033
BMLI, kg/m* 244+3.6  24.6+4.1 0.548 0.049 24.5+3.6  245%40 0.873 0.014
Weight, kg 62.8+11.4 64.6+12.7 0.073 0.147 63.3+11.0 63.6+12.0 0.754 0.028
CKD-EPI eGFR, mL/min/1.73 m* 69.3+£21.7 72.5+29.0 0.129 0.124 70.7+£20.6 71.4+29.2 0.755 0.028
Diabetes duration, yr 14.6+10.1 14.7+£10.7 0.916 0.009 14.7+9.8  14.8+10.8 0.947 0.006
HbAlc, % 10.3£1.8 10.8+£2.2 0.001 0.267 10.5£1.8 10.5+£2.1 0.980 0.002
Concurrent antidiabetic medications  0.73+0.78 1.03+0.74  <0.001 0.394 0.78+0.79 1.00+0.74 0.002 0.285
Biguanide

Metformin 103 (34.0) 181(61.4) <0.001 0.570 88(36.1) 144(59.0) <0.001 0.472
Insulin secretagogues

Sulfonylurea 87(28.7)  79(268)  0.662 0.043 78(32.0) 66(27.0) 0275 0.108

Glinide 9(3.0) 19 (6.4) 0.070 0.164 8(3.3) 15(6.1) 0.200 0.136
Others

DPP4i 0 56 (19.0) <0.001 0.689 0 46 (18.9)  <0.001 0.682

Thiazolidinedione 24(79)  14(4.7) 0.155 0.131 19(7.8)  10(4.1) 0.126 0.156

SGLT2i 0 5(1.7) 0.068 0.186 0 5(2.0) 0.072 0.205

a-Glucosidase inhibitor 36 (11.9) 8(2.7) <0.001 0.358 32(13.1) 5(2.0) <0.001 0.427

GLP-1RA 0 4(1.4) 0.126 0.166 0 3(1.2) 0.247 0.158

Values are presented as meanz+standard error or number (%). Age, sex, BMI, weight, eGFR, diabetes duration, and HbA1c level were 1:1

matched using the nearest neighbor method with a caliper width of 0.2.

SMD, standardized mean difference; BMI, body mass index; CKD-EPI eGFR, Chronic Kidney Disease Epidemiology Collaboration estimated
glomerular filtration rate; HbAlc, glycated hemoglobin; DPP4i, dipeptidyl peptidase 4 inhibitor; SGLT2i, sodium-glucose cotransporter 2 in-

hibitor; GLP-1 RA, glucagon-like peptide-1 receptor agonist.
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vary between the two groups. Mean pre-lunch, pre-dinner,
post-dinner, and bedtime glucose levels were lower in period 2;
intriguingly, the mean post-breakfast glucose level was signifi-
cantly lower in period 1 (Fig. 1A). Because glycemic control
improved over the hospital days, we analyzed the glycemic
data pertaining to days 1-2 and days 5-6 (Fig. 1B). Mean pre-
prandial POC glucose tended to be lower in period 2 on days
1-2 (228.8+3.6 mg/dL vs. 218.5+3.6 mg/dL, P=0.049) but
were substantially lower in period 2 on days 5-6 (177.7+2.8
mg/dL vs. 152.8+2.9 mg/dL, P<0.001, period 1 and 2, respec-
tively) (Fig. 1C). By day 6, the mean fasting glucose target for
hospitalized patients (<140 mg/dL) [31] was achieved only in
period 2 (147.4+3.1 mg/dL vs. 129.4+3.2 mg/dL, P<0.001,
period 1 and 2, respectively) (Fig. 1D). On assessing all pre-

dmj

prandial glucose levels, the level was lower in period 2
(195.4£2.2 mg/dL vs. 176.3+2.2 mg/dL, P<0.001), and the
difference between the two groups was significant from day 2
(mean preprandial glucose at day 2: 208.2+3.6 mg/dL vs.
193.7£3.6 mg/dL, P= 0.005) (Fig. 1C, Supplementary Table 5).

Glycemic goal achievement and length of hospital stay

Thereafter, we assessed the rate of achieving the optimal glyce-
mic level in both groups using Kaplan-Meier analysis. By day 6
of hospital admission, 67.2% of patients in period 2 achieved a
mean target preprandial glucose level of less than 140 mg/dL
without hypoglycemia, whereas only 42.6% of patients in peri-
od 1 had their glucose level optimized (log-rank P<0.001)
(Fig. 1E). When the event of interest was defined as all mea-

350 r Mean total glucose of period 1 vs. 2: 330 30 - Mean preprandial glucose of period 1 vs. 2:
198.0+2.3 vs. 181.3+2.3 mg/dL, P<0.001 195.4+2.2vs.176.3+2.2 mg/dL, P<0.001
~ 300 ~ 300 ~ 300
=) a a a a a ) —
o s} S}
D ) o
£ 250 & 250 £ 250 |
O ) ] I a a a a
1723 173 «
3 ~ 3 3
3 200 3 200 =] 200 | 177.7+2.8 mg/dL
oh - oh o
g g g
9 150 L 150 g 150
= = = 152.8+2.8 mg/dL
—_— Per?oill 1 i b —_ Per@og 1
100 k£ — Period2 100 | — Period10fD1-2 — Period2of D1-2 100 L —Period2
T L L L L L L L 2 ——Perioq10fR5-6 T— Pgriod20fD5;6 T L L L L L
3AM Pre Post Pre Post Pre Post 3AM Pre Post Pre Post Pre Post Bedtime DI D2 D3 D4 D5 D6
[ R T R T [ TN R T )
Breakfast Lunch Dinner Q Breakfast Lunch Dinner e Hospital days e
30 ¢ Mean fasting glucose of period 1 vs. 2: 100 1 100 -
1544423 5. 149.7+2.3 mg/dL, P=0.165 Log-rank P<0.001 —Period 1 Log-rank P<0.001 —Period 1
—~ 300 ~ 80 F ——Period 2 ~ 80 | —Period 2
= = X
= = 67.2% =
%D 250 g g
< g 60 g 60
g 3 12.6% 5
S 6%
%,D 200 a § 40 F § 40 F 36.1%
g 147.4+3.1 mg/dL g g
ﬁ 150 [E 20k 5 20 b 19.7%
—— Period 1
100 L haindz 129432 mg/dL
:|: 1 1 1 1 1 1 0 1 1 1 1 J 0 i 1 1 1 1 J
D1 D2 D3 D4 D5 D6 1 2 3 4 5 6 1 2 3 4 5 6
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Fig. 1. Glycemic control during hospital stay. Data shown are the glucose values (estimated mean + standard error) obtained from
each time point with 95% confidence intervals. Analysis of covariance (ANCOVA) analyses were performed, adjusted for age, sex,
body mass index, weight, estimated glomerular filtration rate, diabetes duration, glycated hemoglobin, number of concurrent an-
tidiabetic medications, the usage frequency of each antidiabetic medication, and the number of plasma glucose measurements by
point-of-care testing. (A) Mean glucose from day 1 to 6 according to time of the day. (B) Mean glucose from day 1 to 2 vs. day 5 to
6. (C) Preprandial glucose from day 1 to 6. (D) Fasting glucose from day 2 to 6. (E) Kaplan-Meier analysis of target achievement
of the mean preprandial glucose on each day. (F) Kaplan-Meier analysis of target achievement of all preprandial (i.e., pre-break-
fast, pre-lunch, and pre-dinner) glucose on each day. *P<0.05 for period 1 day 1 to 2 vs. period 2 day 1 to 2, *P<0.05 for period 1

day 5 to 6 vs. period 2 day 5 to 6.
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sured preprandial (i.e., pre-breakfast, pre-lunch, and pre-din-
ner) glucose level of less than 140 mg/dL, 36.1% and 19.7% of
patients met the endpoint by day 6 in period 2 and 1, respec-
tively (log-rank P<0.001) (Fig. LF).

Even after adjusting for multiple covariates, a significantly
greater number of patients in period 2 than that of patients in
period 1 achieved the preprandial glycemic target (RR, 2.00;
95% confidence interval [CI], 1.54 to 2.59; and RR, 2.03; 95%
CI, 1.41 to 2.93, mean and all preprandial glucose target
achievement, respectively) (Fig. 2, Supplementary Fig. 2). We
turther identified subsets of patients by age, sex, eGFR, BMI,
duration of diabetes, and HbAlc. Glycemic control in period 2
was superior to that in period 1, regardless of clinical factors in
subgroup analyses (Fig. 2, Supplementary Fig. 2). Accordingly,
the length of hospital stay was reduced in period 2 (10.23+0.26
days vs. 8.70+0.26 days, P<0.001, period 1 and 2, respectively)
(Table 2).

Insulin dose and incidence of hypoglycemia

Overall, the total mean daily dose of insulin was considerably
higher in period 2 (P<0.001) (Table 2). Specifically, the require-
ment of prandial insulin adjusted for body weight was greater
in period 2 whereas, on the contrary, the amount of long- or in-
termediate-acting insulin per day was greater in period 1 (pran-
dial insulin: 0.14+0.01 IU/kg vs. 0.41+0.01 TU/kg, P<0.001;
long- or intermediate-acting insulin: 0.43+0.01 IU/kg vs.
0.36+0.01 IU/kg, P<0.001, period 1 and 2, respectively). De-
spite the difference in the administered insulin dose, the inci-
dence of levels 1 and 2 hypoglycemia was comparable between
periods 1 and 2 (Table 2).

Comparison of conventional BBI with structured BBI

Since the introduction of the structured BBI in 2008, in-hospi-
tal practice has gradually shifted from conventional, expert-led
titration to the structured BBI adopting the RABBIT2 proto-

No. of target achievement/total (%) Relative risk Period 1 : Period 2 P value for
Source Period 1 Period 2 (95% ClI) better | better interaction
Overall 104/244 (42.6) 164/244 (67.2) 2.00 (1.54 to 2.59) —a—
Age
<65 62/138 (44.9) 96/134 (71.6) 2.09 (1.48 to 2.96) —a—— 0.575
265 42/106 (39.6) 68/110 (61.8) 1.88 (1.23 to 2.88) —a—
Sex
Male 46/117 (39.3) 80/113 (70.8) 2.61(1.76 to 3.86) —a— 0.178
Female 58/127 (45.7) 84/131 (64.1) 1.78 (1.25 to 2.54) —_
eGFR (CKD-EPI)
260 66/166 (39.8) 111/160 (69.4) 2.53 (1.80 to 3.57) —a— 0.087
<60 38/78 (48.7) 53/84 (63.1) 1.60 (1.01 to 2.54) a0
Body-mass index
<25 62/139 (44.6) 98/140 (70.0) 2.33 (1.64 to 3.31) —a— 0.797
225 42/105 (40.0) 66/104 (63.5) 2.04 (1.35to0 3.08) —a—
Diabetes Duration
<10 25/78 (32.1) 54/81 (66.7) 2.96 (1.73 to 5.05) B — 0.065
210 79/166 (47.6) 110/163 (67.5) 1.79 (1.31 t0 2.43) ——
HbA1c
<10 40/89 (44.9) 71/104 (68.3) 2.02 (1.34 to 3.03) —a 0.819
210 64/155 (41.3) 93/140 (66.4) 2.03 (1.44 t0 2.87) —a—
I T T 1
0.25 0.5 1 2 4

Relative risk (95% CI)

Fig. 2. Cox regression and subgroup analyses of the mean preprandial glycemic target achievement. Shown are the forest plots for
patient subgroups with respect to the target glycemic achievements. Age, sex, body mass index, weight, estimated glomerular fil-
tration rate (eGFR), diabetes duration, glycated hemoglobin (HbA1c), number of concurrent antidiabetic medications, the usage
frequency of each antidiabetic medication, and the number of plasma glucose measurements by point-of-care testing were ad-
justed. P values describe the interaction between the target glycemic achievement and subgroup variables with no adjustment for
multiple testing. CI, confidence interval; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration.
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Table 2. Outcome measures of insulin dosage, hypoglycemia, and length of stay

) Estimated means Adjusted
Variable
Period 1 Period 2 Pvalue

Insulin dose*

Long/Intermediate acting, IU/kg 0.43+0.01 0.36+0.01 <0.001

Short/Rapid acting, IU/kg 0.14+0.01 0.41+0.01 <0.001

Total insulin, TU/kg 0.57+0.02 0.77+0.02 <0.001
Number of hypoglycemic events”

Level 1 (glucose <70 mg/dL) 0.37+0.05 0.34£0.05 0.678

Level 2 (glucose <54 mg/dL) 0.07+0.02 0.05+0.02 0.465
Length of hospital stay, day 10.23+0.26 8.70+0.26 <0.001

Values are presented as mean +standard error. Analysis of covariance (ANCOVA) analyses were performed, adjusted for age, sex, body mass in-
dex, weight, estimated glomerular filtration rate, diabetes duration, glycated hemoglobin, number of concurrent antidiabetic medications, anti-
diabetic medication use, and number of blood glucose measurements by point-of-care testing.

*Data from hospital day 2 to 5 were analyzed because the patients did not receive the full dosage on the day of admission, and there was insuffi-
cient information for day 6, "Number of hypoglycemic episodes during hospital stay.
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Fig. 3. Comparison of conventional vs. structured basal-bolus insulin (BBI). Data shown are the glucose values (estimated
mean+standard error) obtained from each time point with 95% confidence intervals. Analysis of covariance (ANCOVA) analy-
ses were performed, adjusted for age, sex, body mass index, weight, estimated glomerular filtration rate, diabetes duration, glycat-
ed hemoglobin, number of concurrent antidiabetic medications, the usage frequency of each antidiabetic medication, and the
number of plasma glucose measurements by point-of-care testing. (A) Proportion of conventional and structured BBI from 2009
to 2018. (B) Mean glucose from 2009 to 2018. (C) Mean glucose from day 1 to 6 according to time of the day. (D) Mean glucose
from day 1 to 2 vs. day 5 to 6. (E) Kaplan-Meier analysis of target achievement of the mean preprandial glucose on each day. (F)
Kaplan-Meier analysis of target achievement of all preprandial glucose on each day.
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col. Both regimens were utilized throughout period 2; howev-
er, structured BBI prevailed in 2013 (Fig. 3A). We compared
patients from period 2 who were treated with either regimen
to ascertain whether there was a difference in the efficacy of ei-
ther regimen.

Opverall, the baseline characteristics of the patients who were
treated with conventional BBI and structured BBI were similar
(Supplementary Table 6). Despite a shift toward structured
BBI, the mean glucose levels remained consistent over the
years in period 2 (P for trend=0.162) (Fig. 3B). On average,
there was no difference in mean glucose level at any time point
or throughout hospital stay (Fig. 3C, D, Supplementary Tables
7 and 8). The achievement rate of mean preprandial glycemic
target was slightly higher in patients treated with structured
BBI; nonetheless, the difference failed to achieve statistical sig-
nificance (65.6% vs. 68.8%, log-rank P=0.429, conventional
BBI vs. structured BBI, respectively) (Fig. 3E). The trend was
maintained when all measured preprandial glucose levels less
than 140 mg/dL were assessed to evaluate the achievement rate
(35.5% vs. 37.3%, log-rank P=0.768, conventional BBI vs.
structured BBI, respectively) (Fig. 3F). Among the BBI regi-
mens, the insulin titration method did not result in any differ-
ences in hypoglycemic events or the length of hospital stay
(Supplementary Table 9).

DISCUSSION

In this propensity score-matched study, hyperglycemia was
managed more effectively in period 2 than in period 1, without
an increase in hypoglycemic events. By day 5-6, mean pre-
prandial glucose levels were 177.7+2.8 and 152.8+2.8 mg/dL
for periods 1 and 2, respectively. Overall, a considerably larger
proportion of patients from period 2 achieved the glycemic
target, with the odds of patients in period 2 being approxi-
mately two times higher than that of patients in period 1 across
the subgroups.

To the best of our knowledge, this study is the first to un-
equivocally reflect real-world data that demonstrate the effica-
cy and safety of BBI in routine clinical practice. We have dem-
onstrated that patients treated with BBI, the predominant in-
sulin regimen in period 2, had more optimal glycemic control
than those treated with the principal insulin regimens of peri-
od 1 in terms of achieving glycemic target. Glycemic control
was superior in period 2 at most time points but was reversed
at post-breakfast, where period 1 had a lower level. This is be-
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cause premixed insulin is administered at a fixed ratio, and a
relatively higher amount of insulin is administered before
breakfast, with the expectation that its effect will last until the
next scheduled dose before dinner. This potentially results in
substantial glucose reduction during the post-breakfast period,
in which the mixture of intermediate- and short/rapid-acting
insulin have a concerted peak effect. However, without any
preprandial insulin administered before lunch, hyperglycemia
in the late afternoon might have been inevitable; hence, the re-
sultant hyperglycemia was not fully reversed and persisted un-
til bedtime.

In contrast to the previous randomized trial by Bellido et al.
[32], the risk of hypoglycemia was very low in both groups and
did not increase in period 1. This may be partially associated
with the different characteristics of the study populations along
with the treatment goals and strategies of physicians in charge.
When emphasis is placed on avoiding hypoglycemia, it be-
comes even more challenging to achieve an optimal glucose
target with a less systematized regimen with higher glucose
variability. Without a systematic correction scale in the pre-
mixed insulin regimen, physicians tend to be relatively passive
in frequent glucose monitoring and dose escalation, indisput-
ably leading to therapeutic inertia [33-37]. Accordingly, in pe-
riod 2, subjects achieved their preprandial target glucose level
of <140 mg/dL in a more expeditious manner.

In controlled settings, BBI is evidently by far the most physi-
ologic means of delivering insulin, simulating insulin response
to meals in conjunction with basal insulin secretion; with this
regimen, both hyper- and hypoglycemia can be managed safe-
ly with the assistance of an experienced endocrinologist or
preset insulin titration protocol. However, as diabetes is a
chronic health condition where sustainable treatment is funda-
mental, many physicians prescribe premixed insulin in the
outpatient clinic as a feasible alternative, especially in Asian
countries [38,39]. When these patients are admitted to hospi-
tal, a majority pursue their previous insulin regimens. Conse-
quently, despite the emphasis on providing structured order
sets to solicit high quality hospital care in clinical guidelines
[31], hyperglycemia in hospitalized patients from many medi-
cal centers is often managed in unstructured ways [40], which
leaves room for improvement. Intriguingly, the implementa-
tion of BBI itself resulted in superior glycemic control regard-
less of insulin titration strategies; insulin titration guided by an
expert endocrinologist in a tertiary hospital was comparable to
titration by structured protocol in terms of efficacy and safety.
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This is consistent with recent studies that also suggested com-
parable efficacy of various BBI treatment algorithms that are
tailored to individual patients [41-45]. However, the retrospec-
tive nature of this study could not distinguish the patients who
were genuinely treated with conventional BBI from those ap-
parently treated with conventional methods but were in fact
performed by resident physicians who were accustomed to the
RABBIT?2 protocol. Further analysis adopting each BBI meth-
od by cluster randomization may more accurately reveal
whether the two methods of insulin titration are undoubtedly
equivalent [46,47].

This study has several limitations. First, it was a retrospective
study with period 1 and 2 patients selected from different time
periods. We endeavored to countervail this by adopting pro-
pensity score. However, it could not fully compensate for
changes in practice over the years; for example, the classes of
oral antidiabetic drugs have changed over the years and more
numbers of drugs were concurrently used with insulin in peri-
od 2 compared to those in period 1 (Table 1). Thus, we have
additionally adjusted for the usage and the number of oral an-
tidiabetic drugs used in performing multivariate analysis. Sec-
ond, the frequency of POC testing differed between the peri-
ods, and it is plausible that hyperglycemic episodes might have
gone unnoticed with less rigorous postprandial glucose moni-
toring in period 1. Thus, in addition to making adjustments for
POC glucose testing, we conducted further analyses focusing
on preprandial glucose data only. Third, we did not assess
long-term clinical outcomes. Therefore, the two periods could
not be directly compared in light of sustainability, efficacy, and
safety after discharge, as many patients were presumed to have
subsequently simplified their insulin regimens. Finally, we only
included patients in a non-critical setting. These patients may
not be generalizable to the majority of hospitalized patients in
a typical tertiary hospital requiring intravenous nutrition, ste-
roid therapy, invasive procedures, and surgery [48-50].

In conclusion, BBI demonstrated improved glycemic control
without an increase in hypoglycemia in comparison with other
insulin regimens, mostly consisting of split-mixed insulin
therapy. The difference between the mean preprandial blood
glucose levels during hospital stay was pronounced, and more
subjects treated with BBI achieved target glycemic control re-
gardless of clinical factors. BBI is a safe and efficacious regimen
for insulin intensification in a real-world hospital setting.
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