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ABSTRACT 

Objective: Evidence supporting the twice-daily 
administration of insulin glargine as an app- 
roach to address its waning effectiveness at the 
end of a 24 hour period is sparse. We hypothe- 
sized that insulin concentrations determined 
during the last four hours of a 24 hour period 
would be greater when identical doses of insulin 
glargine were administered twice-daily as com- 
pared to once-daily among type 1 diabetes pati- 
ents. Research Methods: Ten subjects with in- 
sulin deficient type 1 diabetes were admitted for 
two 38-hour studies at least one week apart. 
Patients received full-dose insulin glargine once 
daily at 0800 and half-dose insulin glargine 
twice-daily at 0800 and 2000 for at least one 
week in random order prior to overnight studies. 
Overnight glucose was stabilized with intrave- 
nous insulin on the evening prior to study, and 
subjects fasted and did not receive short acting 
insulin during the study period. Insulin concen- 
trations were assessed every 30 minutes with an 
ultra-sensitive assay between study hours 20 
and 24. Results: Insulin concentrations for the 
final four hours of study period did not differ 
between once-daily and twice-daily insulin glar- 
gine administration (p = 0.38). Home glucose 
testing results and overnight plasma glucose 
concentrations did not differ between study 
conditions. Conclusions: These results demon- 
strate that insulin concentrations are equivalent 
during the last four hours of a 24-hour period 
when insulin glargine is administered once- or 
twice-daily. These findings do not support a role 
for twice-daily insulin glargine in the manage- 
ment of patients with type 1 diabetes. 
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1. INTRODUCTION 

The first long-acting insulin analog, insulin glargine, 
was introduced in the United States in 2001. It has since 
become a basal insulin of choice due to its once-daily 
dosing and its reduced peak activity, resulting in fewer 
episodes of hypoglycemia [1,2]. Nevertheless, it is a 
commonly held clinical notion that once-daily insulin 
glargine administration provides inadequate basal cover- 
age for some patients with type 1 diabetes. Pharmacody- 
namic studies are consistent with the possibility that rela- 
tive insulinopenia may occur with once-daily dosing. 
Lepore et al. showed that the “end of action” of insulin 
glargine was 22 ± 4 hrs in subjects with type 1 diabetes 
[2]. Similarly, a euglycemic glucose clamp study in 
non-diabetic subjects showed that glucose infusion rates 
began to decline approximately 22 hours after insulin 
glargine injection [3]. Clement et al. published a case 
report in 2002 which reported a patient with elevated 
bedtime glucose values on once-daily insulin glargine 
therapy administered in the evening, and this patient 
noted significant improvement in capillary blood glucose 
measurements after administering insulin glargine as a 
split dose every 12 hours [4]. In order to examine the 
hypothesis that twice-daily insulin glargine administra- 
tion provides superior insulinization during the waning 
hours of a 24-hour period, this study was designed to 
compare insulin and glucose concentrations with admini- 
stration of equivalent daily doses of insulin glargine in- 
jected once or twice daily during a 38 hour fast.  

2. RESEARCH DESIGN AND METHODS 

2.1. Study Subjects 

Ten subjects with type 1 diabetes mellitus (9 female) 
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were studied on two separate occasions in a prospective, 
randomized, cross-over study. Inclusion criteria included 
age 18 - 50 years, diagnosis of type 1 diabetes at least 
one year prior to study enrollment, an A1c less than 9%, 
and basal-bolus therapy using insulin glargine. Exclusion 
criteria included complications requiring hospitalization 
within the last 12 months, allergy to insulin glargine, 
clinically significant chronic medical disease (AST 
greater than 2.5 timers upper limit of normal, creatinine 
greater than 1.8 mg/dl, hemoglobin less than 11 for males 
and less than 10 for females, or NYHA class III or IV 
heart disease), systolic and diastolic blood pressure 
above 180 or 110 mmHg, respectively, or active alcohol 
or drug abuse. The study was approved by the University 
of New Mexico Human Research Protections Office and 
all participants provided written informed consent. 

2.2. Study Protocol 

After an initial screening visit to determine eligibility 
and to obtain informed consent, study subjects were 
randomized to receive insulin glargine as either one 
full-dose injection (0.2 units/kg) at 2000 hours or two 
half-dose injections (0.1 units/kg) at 0800 and 2000 
hours. Subjects subsequently recorded fasting capillary 
blood glucose (CBG) levels prior to breakfast and in the 
evenings before dinner, and insulin glargine doses were 
titrated until fasting CBG’s were less than 150 mg/dl 
(8.33 mmol/l). Once the dose of study insulin remained 
unchanged for one week with fasting CBG’s less than 
150 mg/dl (8.33 mmol/l), subjects were admitted for an 
overnight study.  

Subjects were admitted to the University of New 
Mexico Inpatient Clinical Research Unit at 1500 on the 
afternoon prior to study. In order to avoid carryover of 
long-acting insulin from the previous day, subjects were 
instructed not to take any insulin glargine at home on the 
day of admission. All subjects received a 7 kcal/kg 
American Diabetic Association meal at 1800, and then 
fasted for the remainder of the study [5]. A continuous 
intravenous infusion of human regular insulin was ad- 
ministered between 1900 on day 1 and 0700 on day 2 to 
achieve a target CBG of 90 - 120 mg/dl (5.0 - 6.66 
mmol/l). CBG’s were monitored on an hourly basis and 
the insulin infusion was adjusted as needed to maintain 
CBG’s in the target range. At 0800 on day 2, subjects 
received either full- or half-dose insulin glargine injected 
subcutaneously into the abdomen, corresponding to their 
assigned regimen. Subjects randomized to the twice- 
daily insulin glargine regimen received their second in- 
jection at 2000 on day 2. Blood samples were obtained 
for plasma glucose and PEG-treated serum insulin every 
60 minutes between 0800 on day 2 and 0400 on day 3, 
and every 30 minutes between 0400 and 0800 (i.e., the 

final 4 hours of the 24 hour period since initial insulin 
glargine administration) on day 3. In addition, bedside 
CBG’s were performed every 60 minutes. If hypoglyce- 
mia occurred, defined as a CBG value less than 50 mg/dl 
(2.78 mmol/l), subjects received 25 ml 50% dextrose 
intravenously and the study was continued. The inpatient 
study concluded at 0800 on day 3. At the conclusion of 
the first overnight stay, subjects switched to the alterna- 
tive study insulin regimen (either once or twice-daily 
insulin glargine) and repeated the protocol as described 
above, followed by a second inpatient admission. Upon 
conclusion of the second hospital admission, subjects 
returned to their pre-study insulin regimen. 

2.3. Sample Analysis 

CBG concentrations were determined in duplicate us- 
ing mixed venous blood with a standard, commercially 
available meter (Accucheck Advantage, Roach Diagnos- 
tics, Indianapolis, IN). Plasma glucose was assessed us- 
ing the ACE Glucose Reagent (Alfa Wassermann, Cald- 
well, NJ). Free insulin concentrations were determined 
using an Ultra Sensitive Human Insulin Radioimmuno- 
assay (Linco, St Charles, Missouri), which employs the 
double antibody/PEG technique to achieve a sensitivity 
of 0.2 mcU/ml when using a 100 microliter sample.  

2.4. Validation of the Insulin Glargine Assay 

Validation of the use of the Linco ultra-sensitive hu- 
man insulin radioimmunoassay for insulin glargine was 
performed using the methods of Owen et al. [6]. The 
Human Insulin RIA Kit from Linco Research (St. 
Charles, Missouri) uses a standard curve from 0.2 to 20 
mcU/ml. To validate the assay, 100 U/ml of Glargine was 
diluted volumetrically with 6 g/dl of Bovine Serum Al- 
bumin to final concentrations of 40, 20, 10, and 5 
mcU/ml. These dilutions were prepared in triplicate and 
treated with 25% PEG, and every dilution was then ana- 
lyzed in duplicate using the Linco Research Free Insulin 
Extraction Procedure (PEG protocol). The percentage of 
cross-reactivity was calculated from a ratio of measured 
and nominal concentrations. The cross-reactivity was 
determined to be 94% at a standard concentration of 5 
mcU/ml (35 pmol/l); levels that correspond well with 
those observed in our study. 

2.5. Statistical Analysis 

The primary outcome variable of the study was the 
serum insulin concentration during the final 4 hours of 
the 24-hour study period. It was determined that ten sub- 
jects would be adequate to provide 80% power to detect 
a 49 pmol/l difference in serum insulin during the last 4 
hours of the 24-hour study period between the once-daily 
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and twice-daily insulin glargine regimens using a paired 
student’s t-test with alpha equal to 0.05. Secondary out- 
come variables include all insulin and glucose concentra- 
tions over the 24-hour period and the results of home 
CBG testing during the week prior to admission. Results 
from the once-daily and twice-daily insulin dosing regi- 
mens were compared using ANOVA and the paired Stu- 
dent’s t test, when appropriate. Area under the curve 
(AUC) for insulin and glucose during the last four hours 
of study was calculated using the trapezoidal rule. Re- 
sults are reported as mean ± SD, except in the figures, 
which depict mean ± SEM. 

3. RESULTS 

3.1. Patient Characteristics 

Subjects had a mean age of 40 ± 8 years, a mean dura- 
tion of diabetes of 16 ± 10 years, and a mean BMI of 31 
± 8 m/kg2. All enrolled subjects were C-peptide negative 
(less than 1 pmol/ml) during hyperglycemia 60 minutes 
after ingestion of 8 ounces of Boost® nutritional bever- 
age (Nestle HealthCare Nutrition, Inc., Minnetonka).  

3.2. Serum Free Insulin Concentrations 

Figure 1 shows the mean free insulin concentrations 
obtained during the 24 hour study period. At baseline 
(0800), there was no statistical difference in serum free 
insulin levels between the once-daily and the twice-daily 
insulin glargine regimens (137 ± 97 vs. 146 ± 128 pmol/l, 
respectively, p = 0.86). Twelve hours after the first injec- 
tion of insulin glargine, serum insulin levels in the 
once-daily treatment regimen were significantly higher 
than during the twice-daily treatment regimen (150 ± 99 
vs. 63 ± 39 pmol/l, p = 0.02). At the end of the 24-hour 
study period, there was no significant difference between 
the serum insulin levels in the once-daily and the twice- 
daily insulin glargine regimens (70 ± 56 vs. 84 ± 63 
pmol/l, p = 0.60). Table 1 summarizes the AUC for insu- 
lin during the last four hours of the 24-hour study period. 

3.3. Plasma Glucose Concentrations 

At baseline (0800), there was no significant difference 
between the glucose levels in the once-daily or the twice- 
daily insulin glargine treatment regimens (86 ± 35 vs. 97 
± 38 mg/dl and 4.8 ± 1.9 vs. 5.4 ± 2.1 mmol/l, respec- 
tively, p = 0.54). Twelve hours after the first insulin 
glargine injection, glucose concentrations were not sig- 
nificantly different despite a statistical difference in se- 
rum insulin levels (83 ± 53 vs. 108 ± 58 mg/dl and 4.6 ± 
2.9 vs. 6.0 ± 3.2 mmol/l, p = 0.30). At the end of the 
24-hour study, there was no statistical difference between 
the plasma glucose levels in the once-daily and the 
twice-daily insulin glargine regimens (119 ± 44 vs. 134 ±  

 

Figure 1. Serum free insulin concentrations following once- 
daily (solid circles) and twice-daily (solid squares) insulin 
glargine injection during a 24-hour fast. To convert to mcU/ml, 
divide by 7. 
 
Table 1. Comparison of serum free insulin concentration AUC 
during the final four hours of a 24-hour fast between once-daily 
and twice-daily insulin glargine injection. 

Time  
Period 

Once Daily 
Insulin Glargine 

(pmol/l·time) 

Twice Daily 
Insulin Glargine

(pmol/l·time) 
p-value

0400 - 0800 53 ± 37 48 ± 37 0.38 

0600 - 0800 25 ± 17 22 ± 15 0.24 

0700 - 0800 13 ± 9 11 ± 7 0.24 

 
48 mg/dl and 6.6 ± 2.4 vs. 7.4 ± 2.7 mmol/l, p = 0.24). 
Figure 2 depicts the mean glucose concentrations during 
the 24 hour study period, and Table 2 summarizes the 
AUC for glucose during the last four hours of the 24- 
hour study period. 

Nine of ten subjects recorded and returned home cap- 
illary blood glucose results for the week prior to admis- 
sion. As shown in Figure 3, there was no significant dif- 
ference between mean home CBG values recorded dur- 
ing the morning before breakfast (174 ± 74 vs. 168 ± 72 
mg/dl and 9.7 ± 4.1 vs. 9.3 ± 4 mmol/l, p = 0.64) or in 
the evening before supper with once-daily or twice-daily 
insulin glargine dosing (169 ± 92 vs. 191 ± 104 mg/dl 
and 9.4 ± 5.1 vs. 10.6 ± 5.8 mmol/l, respectively, p = 
0.27). 

4. CONCLUSIONS 

Pharmacodynamic studies have suggested that there 
may be a window of relative insulinopenia with once- 
daily administration of insulin glargine because the dura- 
tion of action for insulin glargine insulin being approxi- 
mately 22 hours [2,3]. Furthermore, patients often report 
a rise in glucose concentration in the hours just prior to 
their next scheduled insulin glargine injection. The pre- 
sent study addressed the question of whether or not  
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Table 2. Comparison of plasma glucose concentration AUC 
during the final four hours of a 24-hour fast between once-daily 
and twice-daily insulin glargine injections. 

Time  
Period 

Once Daily 
Insulin Glargine 

(mg/dl·time) 

Twice-Daily 
Insulin Glargine 

(mg/dl·time) 
p-value

0400 - 0800 218 ± 78 211 ± 86 0.74 

0600 - 0800 118 ± 43 105 ± 43 0.17 

0700 - 0800 62 ± 23 55 ± 22 0.11 

 

 

Figure 2. Mean plasma glucose concentrations following once- 
daily (solid circles) and twice-daily (solid squares) insulin 
glargine injection during a 24-hour fast. To convert to mmol/l, 
multiply by 0.05551. 
 

 

Figure 3. Morning and evening home capillary blood glucose 
(CBG) concentrations do not differ between once-daily (solid 
bars) and twice-daily (empty bars) insulin glargine dosing. To 
convert to mmol/l, multiply by 0.05551. 
 
administering insulin glargine as a once-daily full-dose 
or as twice-daily half-doses 12 hours apart affects serum 
insulin concentrations during the final hours of a 24-hour 
study period. We used a fasting model to eliminate the 
confounding factor of rapid acting insulin. We also held 
long-acting insulin on the day prior to study in attempt to 
eliminate carry-over effects from the previous days’ in- 
sulin injections. In addition, we used a highly sensitive 

insulin assay in attempt to optimize determination of 
insulin glargine concentrations. 

These data did not show improved insulinization at the 
end of a 24 hour period with twice-daily insulin glargine 
compared to once-daily insulin glargine dosing. More- 
over, these data contradict the case report by Clement et 
al., which demonstrated improved glycemic control with 
twice-daily insulin glargine injections in an uncontrolled 
report [4]. It should be noted that the current study did 
find a statistical difference between the treatment regi- 
mens in insulin concentrations at 12 hours, but at that 
point only half of the total daily insulin glargine dose had 
been given in the twice-daily regimen. This finding is 
likely to be accentuated by the fact that insulin glargine 
was withheld on the day prior to admission because, 
whereas in a more clinically realistic setting, there would 
have been overlap in insulin concentrations from the 
previous day’s insulin glargine dose.  

Albright et al. demonstrated increased glycemic con- 
trol with twice-daily insulin glargine administration in 
type 1 diabetics, but a nearly 70% increase in the insulin 
glargine dose was required to achieve that result [7]. 
Further, twice-daily split doses were given only if titra- 
tion of bedtime insulin glargine resulted in morning hy- 
poglycemia or if subjects had persistent elevation of af- 
ternoon blood glucose values that could not be corrected 
with bolus titration. Thus, twice-daily dosing allowed 
continued titration of the insulin glargine dose. In the 
present study, subjects received equivalent total daily 
doses of insulin glargine during both the once-daily and 
twice-daily treatment regimens, and no benefit to the 
twice-daily approach was demonstrated.  

Ashwell et al. demonstrated that serum free insulin 
levels were increased at the end of a 24-hour study pe- 
riod in fifteen type 1 diabetics using a once-daily insulin 
glargine regimen compared to the same patients using a 
twice-daily regimen [8]. However, the subjects were not 
fasting and continued to receive rapid-acting insulin with 
meals, thereby confounding interpretation of that study. 
The protocol described in this report has the advantage of 
isolating the effect of the basal insulin by fasting the 
subjects to allow for the omission of rapid acting insulin 
injections.  

This study is limited by the relatively small number of 
study participants. Additionally, given that subjects re- 
mained in a fasting state during the inpatient admissions, 
we cannot definitively comment on the utility of twice- 
daily insulin glargine when used in combination with 
rapid acting pre-prandial insulin. Furthermore, we cannot 
definitively comment about the longer term efficacy of 
twice-daily insulin glargine versus once-daily insulin 
glargine or the effect of such a regimen on A1c values. 
Based upon our prospective power analysis, this study 
excludes a difference of 49 pmol/l or greater between 
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