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Abstract

Purpose: The aim of this study was to investigate the effect of insulin detemir and glargine on glycemic variability as determined by capillary
blood glucose measurements in Type 2 diabetics treated with oral antidiabetic drugs.

Material and Method: A fotal of 64 insulin-naive type 2 diabetics with a HbAlc level of 7.5%-10% were included in the study. The patients were
randomized into 3 groups according fo the basal insulin analog started; Group 1(n=22) was started on once-daily detemir, Group 2 (n=22) twice-
daily detemir, and Group 3 (n=20) insulin glargine. Basal insulin doses were titrated according to the morning/evening fasting capillary blood
glucose levels. Standard deviations of the 8-point intraday fasting and postprandial blood glucose values were compared.

Results: The fasting blood glucose intraday standard deviation values showed an improvement of 22.4% in Group 1, 21.4% in Group 2, and 26.4%
in Group 3, while the intraday standard deviation for the postprandial values showed an improvement of 14.4%, 15.2%, and 38.7%, respectively
(p>0.05). The standard deviation values did not show statistical significance when the groups were compared with each other. Baseline HbAlc
values and insulin doses negatively correlated with the glycemic variability.

Dicussion: Basal insulin added fo treatment in Type 2 diabetics provided an improvement of 14.4% to 38.7% in glycemic variability. There was no
significant difference between insulin glargine and detemir regarding this effect. Turk Jem 2014; 2: 33-38
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Ozet

Amag: Bu calismanin amaci, oral antidiyabetik ilaglar ile tedavi edilen Tip 2 diyabet hastalarinda instlin detemir ve glarjinin, kapiller kan glukoz
Olcumleri ile tespit edilen glisemik dalgalanmalar Uzerine etkilerinin incelenmesidir.

Gereg ve Yontem: Daha 6nce hig insulin kullanmamis ve HbAlc dUzeyi %7,5-%10 arasinda olan toplam 64 Tip 2 diyabetik hasta ¢alismaya
dahil edilmistir. Hastalar baslanan bazal insulin analoguna gére 3 gruba randomize edildi; Grup T'deki (n=22) hastalara ginde tek doz insulin
detemir, Grup 2'deki (n=22) hastalara ginde iki doz detemir ve Grup 3'deki (n=20) hastalara insulin glarjin baslandi. Bazal insulin dozlari sabah/
aksam aglik kapiller glukoz 6lcum dizeylerine gore titre edildi. GUn ici 8 nokta aclik ve 6gun sonrasi kan glukoz él¢imlerinin standart deviasyon
degerleri karsilastirildi.

Bulgular: Gin ici aglik kan glukoz 6l¢Umlerinin gun igi standart sapma degerlerinde Grup 1'de %22,4, Grup 2'de %21,4 ve Grup 3'te %26,4
duzelme gozlenirken, 5§0n sonrasi degerlerin standart sapma degerlerinde ise sirasi ile %14,4, %15,2 ve %38,7 (p>0,05) dUzelme tesbit edildi.
Standart sapma degerleri her U¢ grup birebir karsilastinldiginda istatistiksel olarak anlamli fark tesbit edilmedi. Baslangic HbAlc degerleri ve
insulin dozlari ile glisemik degiskenlik arasinda negatif korelasyon tesbit edildi.

Tarhsma: Tip 2 diayebtiklerde tedaviye bazal insulin eklenmesi, glisemik dalgalanmalarda %14,4'ten %38,7'ye kadar iyilesme saglamaktadir. Bu
etki acisindan insulin detemir ve glargjin arasinda istatistiksel olarak anlamli bir fark tesbit edilmemistir. Turk Jem 2014; 2: 33-38
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Introduction

Glycemic control is essential for the prevention of cardiovascular
disease and related complications in Type 2 diabetes (T2D)
patients. HbAlc remains the best parameter reflecting average
blood glucose levels over a 3-month period of time together with
fasting and postprandial 2-hour glycemic levels. Studies have
shown that decreased HbAIc levels caused reduction in micro
and macrovascular complications (1,2,3). However, many studies
have also shown that, besides increased fasting blood glucose
and HbATc levels, postprandial hyperglycemia is an independent
risk factor for macrovascular complications in Type 2 diabetics
(4,5,6). The Diabetes Epidemiology: Collaborative analysis of
Diagnostic criteria in Europe (DECODE) study has also shown a
higher relationship of postprandial glycemic levels with increased
mortality than that of higher levels of fasting blood glucose in
more than 25000 patients followed up for more than 7 years (7).
The Framingham Offspring Study has reported that an elevated
glucose level 2 hours after an oral challenge increased the
relative risk for cardiovascular disease by up to 40%, independent
of fasting hyperglycemia in nondiabetic subjects (8).

Many studies indicated that diabetes complications in T2D are the
result of excessive glycation and the generation of oxidative stress
as a consequence of the three main glycemic disorders: Fasting
hyperglycemia, postprandial hyperglycemia, and acute glucose
fluctuations (9). Excessive fasting and postprandial glucose levels
activate the glycation process, which can be evaluated by HbAlc
measurements. Fasting hyperglycemia, acute or sustained
postprandial hyperglycemia, and more generally, acute glucose
fluctuations lead to oxidative stress. The resulting effect is the
increased risk of complications as depicted by the diagonal arrow
of a geometric cube consisting of fasting plasma glucose (FPG),
postprandial plasma glucose (PPG), and glucose fluctuations
for the three axes The resulting effect is the risk of complications
depicted by the diagonal arrow of a geometric cube for which
three-dimensional coordinates on the three axes are fasting
plasma glucose, postprandial glucose, and glucose fluctuations
(10,1). This suggests that therapy for patients with T2DM should
not only target HbAlc as a long-term goal, also should aim to
avoid acute glucose fluctuations as an immediate goal.
Glycemic variability is a complex phenomenon that includes
both infraday and interday variability. The infraday component
corresponds to the within-day vertical glycemic fluctuations. The
interday component is defined as day-to-day glucose variations,
i.e., glycemic variability along a time-dependent horizontal axis.
From a statistical point of view, the standard deviation (SD) around
a mean glucose value measured over a 24-hour period using
a continuous glucose monitoring system is probably the most
appropriate ool for assessing infraday glycemic variability. The
mean of daily differences is still the only index for estimating
intraday glycemic variability. This parameter is calculated as the
mean of the absolute differences between glucose values at the
same time on two consecutive days (10).

The pharmacodynamic and pharmacokinetic properties of the
long-acting insulin analogues provide less nocturnal and overall
hypoglycemia than do NPH and this benefit has been observed in

several comparative clinical trials evaluating glycemic variability.
Both long-acting analogues have shown lower within-subject
variability in blood and plasma glucose measurements when
compared with NPH (12,13). Insulin detemir demonstrated less
within-subject variability of blood glucose levels than insulin
glargine in patients with Type 1 diabetes (T1D) or T2D in head-
to-head comparisons of the analogues in glucose clamp studies
(13,14). However, observational findings following the use of the
two insulin analogues in clinical practice vary from patient to
patient. Our aim in this study was to determine the effect detemir
and glargine added to the treatment on glycemic variability
according to capiallary blood glucose measurements of insulin
in Type 2 diabetics treated with oral antidiabetics but without
adequate glycemic control and to compare these two analogues
with extended effect durations regarding glycemic variability in
clinical practice.

Materials and Methods

A total of 64 Type 2 diabetic patients, who were treated with
oral antidiabetics, had not received insulin treatment, and had
inadequate glycemic, control were included in the study. The
age range was 35-65 years and the HbAlc value was 7.5%-10%.
Patients with a known malignant disease, chronic renal failure
or chronic liver disease as well as pregnant patients, and those
with a body mass index (BMI) >40 kg/m2 were excluded from
the study. The patients were using sulphonylurea (gliclazide) and/
or metformin at the optimal dose for their body weight. Basal
insulin treatment at a daily dose of 0.12 U/kg was added without
changing the oral antidiabetic regiment. Following randomization,
22 patients received once-daily insulin detemir, 22 received twice-
daily insulin detemir and 20 patients once daily insulin glargine.
The patients were grouped as once-daily insulin detemir (Group 1),
twice-daily insulin detemir (Group 2) and insulin glargine (Group 3)
patients. Insulin doses were fitrated every two weeks according to
the morning preprandial glucose levels in the once-daily groups
and the morning and evening preprandial glucose levels for the
twice-daily group. A standard titration plan was used as follows:
If the blood glucose (mg/dl) level is <80: —reduce 2 U - 80-120:
—no change - 120-140: —increase 2U - 140-160: —increase 4U -
160-180: —increase 6U - >180: —increase 8U, while the plan for
twice-daily users was: if the blood glucose level is <80: —reduce
1U - 80-120: —no change - 120-140: —increase 1U - 140-160:
—increase 2U - 160-180: —increase 3U - >180: —increase 4U
for each morning and evening doses. The patients were followed
up for 12 weeks.

The trial was conducted in accordance with the Declaration of
Helsinki and the principles of Good Clinical Practice, and was
approved by the local ethics committee. All the subjects were
recruited in the study after they provided written informed consent.
The demographic data of the patients, the baseline fasting insulin
and C-peptide levels, and the baseline and 12th week HbAlc
levels were recorded. The patients were asked fo check their
blood glucose 8 times a day (before breakfast, after breakfast,
before lunch, after lunch, before dinner, after dinner, at 11:00
p.m, and at 02:00 a.m). The patients were given a glucometer
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and its sensors (Freestyle Optium TM, Abbott) at the beginning of
the study and, the relevant training was provided. The patients’
self-blood glucose measurements were recorded during the
telephone calls and clinic visits for dose fitration once every two
weeks. Body weight was measured at the beginning and end of
the study and any hypoglycemic events were recorded according
to patient information and blood glucose measurements. The
capillary blood glucose values recorded to evaluate glycemic
variability were evaluated in detail. The fasting and postprandial
blood glucose averages of the 4th and 12th week 8-point
measurements were calculated for each patient and the standard
deviation values were recorded as another variable. The pre-
meals and capillary blood glucose values at 02:00 p.m were used
for the fasting blood glucose while the values after meals and at
11:00 p.m were used for the postprandial blood glucose mean
value calculation.

Statistics

Demographic characteristics, HbAlc levels, age (years), diabetes
duration (years), daily insulin dose at the end of the 12th week
(U/kg), baseline insulin (U/mL) and C-peptide (ng/dL) levels, and
BMI (kg/m?2) were summarized with descriptive statistics, including
median and minimum-maximum values (given in parentheses)
for continuous variables and frequency and percentages for
categorical variables. Insulin dose data were given as units per
kilogram. Statistical analysis was performed using a chi-square
test for comparison of the categorical data, while the Kruskal-
Wallis test and Mann-Whitney U test were used for comparison of
the continuous data between the groups where appropriate. The
Wilcoxon signed-rank test was used for analysis of the differences
in standard error values and change ratios at the beginning and
the end of the 12th week. Spearman’s correlation coefficients
were calculated to assess the associations between variables.
All analyses were performed using IBM SPSS 20™ (SPSS Inc.,
Chicago, IL, USA) and a p value of less than 0.05 was considered
statistically significant.

Results

The median age of the 64 patients, who completed the study,
was 57(41-70) years and the mean diabetes duration was 6.5 (1-

10) years. The starting dose of insulin was 0.12 units/kg/day in
all the three groups. The HbAlc values were mildly elevated in
Group 1 and Group 3 compared to that in Group 2, although the
difference was not statistically significant. Baseline insulin and
C-peptide levels were mildly elevated in Group 3 compared to
Group 1and Group 2 (p=0.04). We did not divide the patients into
groups according to body measurements as the subjects were
chosen randomly. The body mass index (BMI) and waist to hip
ratio values were mildly higher in Group 3 than in the other two
groups (p=0.19 for BMI, p<0.01 for waist to hip ratio). The basal
characteristics of the groups are presented in (Table 1).

The glycemic control values of the 64 patients completing the
study were similar between the groups. In Group 1, a median
insulin dose increase of 0.19 (0.0-0.4) U/kg led to a median
change of -1.9% [(-4.5)-(-1.4]1 in HbAIlc levels in 12 weeks. In Group
2, a median insulin dose increase of 0.22 (0.0-0.6) U/kg led to a
median change of -1.2% [-4.4)-(-0.4]1 in HbAIc levels. In Group 3, a
median insulin dose increase of 0.25 (0.0-0.5) U/kg led to median
change of 1.35% [(-7.0)-1.5] in HbAIc levels (Table 2). There was a
decrease of 7.4% in fasting blood glucose levels (the mean value
of the 4 fasting values among the 8-point intra-day capillary blood
glucose values) and 1.9% in postprandial blood glucose values
(the mean value of the 4 postprandial values among the 8 point
intra-day capillary blood glucose values). These values were 4.3
and 9.9% in Group 2, and 6.9 and 1.8% in Group 3. Comparison
of the groups showed no statistically significant difference in
changes in FBG and PBG levels (Table 3). Weight changes and
hypoglycemic events are summarized also in Table 2 and there
were no difference between the groups.

Standard deviations calculated from the 8-point capillary blood
glucose measurements of the intraday mean FBG and PBG
values at the 4th and 12th weeks were compared to evaluate the
glycemic variability. The standard deviation of FBG values had
decreased from a median value of 37.0 at 4 weeks to 28.7 at
12 weeks in group | while the values were 40.5 to 31.8 for Group
2 and 38.5 to 28.3 for Group 3, respectively. Standard deviation
of PBG values had decreased from 43.6 at 4 weeks to 37.73 at
12 weeks in group | while the values were 45.9 to 38.9 in Group
2 and 44.9 to 27.5 in Group 3, respectively. When the groups
were compared, no statistically significant difference was found

Table 1. Baseline characteristics according to the groups

Group 1(n=22) Group 2 (n=22) Group 3 (n=20) p

Age (year) 57 (41-70) 54(39-73) 59 (40-69) 0.38
Diabetes duration (year) 6.5 (1-10) 7.0(2-10) 7.0 (1-10) 0.72
Male/female (%/%) 32/68 68/32 35/65 0.03
Starting insulin dose (U/kg/day) 0.12 0.12 0.12

Basal insulin level (U/mL) 12.1(2-35) 9.8 (2-58) 12.7 (3-49) 0.25
Basal ¢ peptide level (ng/dL) 2.7(1.0-9.4) 2.5(0.3-8.4) 3.4(1.7-10.8) 0.04
HbATc (%) 9.9 (7.7-12.0) 9.3(7.5-12.0) 9.6 (7.3-12.0) 0.35
Weight Kg 75.5 (50-130) 84.5(67-117) 79.5(61-113) 0.19
Body Mass Index kg/m?2 28.7 (22-40) 27.6 (21-36) 30.1(21-37) 0.19
Waist to Hip Ratio cn/cm 0.94(0.8-1.0) 0.91(0.8-1.0) 1.02 (0.8-1.1) <0.01
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regarding the 4- and 12-week standard deviation values between
Group 1and 2, Group 1 and 3, and Group 2 and 3 (Table 4). An
improvement of 22.4%, 21.4% and 26.4% was seen in Group 1, 2
and 3, respectively in FBG fluctuation with basal insulin treatment
according to the standard deviation values while the values for
PBG fluctuation were 14.4%, 15.2% and 38.7%, respectively. These
changes in standard deviations were not statistically significant,
probably due to small sample size (Figure 1).

The correlation analysis of patient characteristics and mean
standard deviations was conducted by evaluating all parameters
together. Baseline Alc values, insulin dose per body weight and
insulin dose change in the 12-week period significantly positively
correlated with the standard deviation values. We demonstrated
that high baseline Alc level and high insulin dose were the most
important factors for increased glycemic fluctuation (Figure 2).

Discussion

The aim of our study was to determine the effects of long-acting
insulin analog treatment on glycemic fluctuation in Type 2 diabetic
patients. This study has demonstrated that both insulin analogues
(detemir once or twice-daily and glargine) had positive effect on
glycemic fluctuation although it is not significant.

Studies comparing the two insulin analogues with NPH insulin
have shown that they are much better than NPH insulin regarding
glycemic variability (12,13,15). However, the LANMET study using
HbA1lc and 8-point capillary glucose measurement as marker of
glucose control has reported similar improvement with insulin
glargine and NPH insulin added to the treatment of Type 2
diabetic patients who had not used insulin. An equal decrease
in capillary blood glucose measurement values was found in
different periods of the day and the glycemic variability was not
affected (11,16). The Study of Once Daily Levemir (SOLVE) evaluating

the effectiveness of single-dose insulin detemir in 1671 patients
have demonstrated a significant improvement in HbAlc, fasting
plasma glucose, hypoglycemic events and glycemic variability
when once-daily insulin detemir was added (17). In a Turkish

Group 3

Group 2

Group 1

e &
;023
\ 276

Group 3
Group 2
Group 1

Figure 1. Changes in standard deviation values of within-day fasting
and postprandial capillary blood glucose levels at the fourth week and
the end of the study

Table 2. The markers of the diabetes control in once-daily insulin detemir, twice daily insulin detemir and insulin glargine groups

Change in insulin dose (U/kg) | Change in HbAIc (%) Weight change (kg) | BMI change (kg/m?2) Hypoglycemic events
Per week/patient
Group 1 +0.19 (0.0-0.4) -1.9 [(-4.5)-1.4] +1.0 (-8)-9] +0.34((-3.3)-2.6] 0.0 (0-4)
Group 2 +0.22 (0.0-0.6) -1.2 [-4.4)-0.4] +0.0 [-5)-31 +0.00 [-1.6)-1.11 0.5 (0-4)
Group 3 +0.25(0.0-0.5) -1.35((-7.0)-1.5] +1.11(-5)-3] +0.42 [-2.0)-1.1] 0.0(0-2)
p (Group 1-2) | 0.51 0.74 0.32 0.34 0.82
p (Group 1-3) | 0.32 0.78 0.73 0.73 0.26
p (Group 2-3) | 0.73 0.84 0.31 0.35 0.13

Table 3. Medians of fasting and postprandial capillary blood glucose levels at the fourth week and the end of the study, after the addition of

insulin to OAD therapy

FBG 4th week FBG 12th week PBG 4th week PBG 12th week
Group 1 147 (82-352) 133 (102-281) 191 (136-313) 191 (136-313)
Group 2 152 (85-316) 142 (86-260) 200 (150-325) 190 (11-257)
Group 3 179 (89-301) 162 (107-230) 204 (122-342) 195 (144-295)
p (Group 1-2) 0.95 0.74 0.34 0.78
p (Group 1-3) 0.18 0.04 0.40 0.61
p (Group 2-3) 0.16 0.23 0.89 0.32
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cohort of the Predictable Results and Experience in Diabetes
through Intensification and Control to Target: an International
Variability Evaluation (PREDICTIVE) study where the effectiveness
of once-daily dose insulin detemir was evaluated in 72D patients
found a significant improvement in HbAlc and glycemic variability
12 weeks after the switching from NPH or glargine insulin (18).

There are only a few studies with a small number of patients
comparing head to head the two long-acting insulin
analogues. Heinse et al. evaluated the pharmacokinetic and
pharmacodynamic features of NPH insulin, insulin glargine and
insulin detemir in 54 Type 1 diabetic patients and concluded that
insulin detemir was associated with significantly less within-
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Figure 2. Correlations of 12th week intraday standard deviation of
fasting blood glucose with insulin dose, change of insulin dose and
HbAlc

subiject variability than both NPH insulin and insulin glargine, as
assessed by coefficient of variation (CV) for the pharmacodynamic
end points studied and also provided less within-subiject variability
in the pharmacokinetic end points (19). Klein et al. evaluated the
pharmacokinetic features of insulin detemir and glargine in
27 Type 2 diabetic patients by the euglycemic clamp test and
found lower within-subject variability with insulin detemir than
insulin glargine although the metabolic effects were similar. The
authors concluded that better predictability may be an important
characteristic of the albumin-bound analogues as insulin detemir
has already been shown to improve hypoglycemia (14).

Two clinical studies reported different results than did the two
previous experimental studies. In a cross-over study, Tone et al.
had 15 Type 1 diabetic and 14 Type 2 diabetic patients on intensive
insulin treatment who were switched from insulin detemir to
insulin glargine or from insulin glargine to insulin detemir as
the basal insulin and evaluated changes in glycemic variability
with standard deviation and coefficient of variance of capillary
glucose values. They found a beneficial effect of switching insulin
glargine to insulin detemir in Type 1 diabetic patients who had
high glycemic variability (20). However, Renard et al. reported that
insulin glargine had not weaker effect than did insulin determir
according fo the coefficient of variation and fasting blood glucose
levels in their multicenter, randomized study with a 16-week
crossover period on 78 Type 1 diabetic patients (21). We also
evaluated glycemic variability with standard deviation using the
fasting and postprandial capillary blood glucose levels as the
basis and found no difference between insulin glargine treatment
and insulin detemir in regards to glycemic variability in Type 2
diabetic patients.

As in the previously mentioned studies, we were unable to show a
definitive and significant beneficial effect of basal insulin treatment
on glycemic variability when added to OAD treatment in Type 2
diabetics. We demonstrated an improvement of 15 to 20% in all
patients after initiating OAD + basal insulin treatment when the
standard deviations of the mean fasting and postprandial blood
glucose values were evaluated, but this result was not statistically
significant. The small sample size is probably a factor and studies
with larger numbers of patients are therefore required. Our results
are important as they reflect a therapeutic window designed to
demonstrate clinical practice. It is widely accepted that one of the
treatment targets in Type 2 diabetic patients is to decrease glycemic
variability. We therefore believe that glycemic variability is an

Table 4. Standard deviation (SD) values of within-day fasting and postprandial capillary blood glucose levels at the fourth week and the end of

the study
4th week within-day | 12th week within-day | 4'h week within-day | 12th week within-day
FBG levels SD FBG levels SD PBG levels SD PBG levels SD

Group 1 37.0(8.5-99.7) 28.7 (8.0-91.5) 43.6 (12.5-77.3) 37.3(5.3-72.4)

Group 2 40.5(15.1-92.7) 31.8(7.9-98.9) 45.9(17.2-89.0) 38.9 (11.2-85.5)

Group 3 38.5(5.6-90.6) 28.3(6.4-83.9) 44.9 (8.6-78.1) 27.5(14.0-98.4)

p (Group 1-2) 0.60 1.00 0.37 0.75

p (Group 1-3) 0.92 0.85 0.36 0.62

p (Group 2-3) 0.56 0.78 0.92 0.33
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important factor for starting insulin treatment in T2D patients, who
have not reached treatment targets, and insulin treatment should
be started without delay in patients with high glycemic variability.

Conclusion

We found that adding basal insulin analogues to tfreatment in Type
2 diabetics, who have not achieved adequate glycemic control
with OADs, had positive effect on glycemic fluctuation. However,
this effect was not statistically significant in our study and it should
be verified with large sample sized studies. The effects of insulin
detemir and insulin glargine on glycemic variability are not different.
Acknowledgments

We would like to acknowledge the reviewers for their helpful
comments on this paper. We would also like to thank our
colleagues at the Department of Endocrinology and Metabolism.
Conflicts of Interest

There are no conflicts of interest.

References

1. The effect of intensive treatment of diabetes on the development and
progression of long-term complications in insulin-dependent diabetes
mellitus. The Diabetes Control and Complications Trial Research Group. N
EnglJ Med 1993;329:977-986.

2. Stratton IM, Adler Al, Neil HA, Matthews DR, Manley SE, Cull CA, Hadden D,
Turner RC, Holman RR. Association of glycaemia with macrovascular and
microvascular complications of Type 2 diabetes (UKPDS 35): prospective
observational study. BMJ 2000;321:405-412.

3. Johnson EL. Glycemic variability: too often overlooked in Type 2 diabetes. J
Fam Pract 2010;59:E1-8.

4. Kadowaki S, Okamura T, Hozawa A, Kadowaki T, Kadota A, Murakami
Y, Nakamura K, Saitoh S, Nakamura Y, Hayakawa T, Kita Y, Okayama
A, Ueshima H; NIPPON DATA Research Group. Relationship of elevated
casual blood glucose level with coronary heart disease, cardiovascular
disease and all-cause mortality in a representative sample of the Japanese
population. NIPPON DATA80. Diabetologia 2008;51:575-582.

5. Bonora E, Muggeo M. Postprandial blood glucose as a risk factor for
cardiovascular disease in Type Il diabetes: the epidemiological evidence.
Diabetologia 2001;44:2107-2114.

6. Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso M;
STOP-NIDDM Trial Research Group. Acarbose treatment and the risk of
cardiovascular disease and hypertension in patients with impaired glucose
tolerance: the STOP-NIDDM trial. JAMA 2003;290:486-494.

7. Balkau B, Hu G, Qiao Q, Tuomilehto J, Borch-Johnsen K, Pyordld K; DECODE
Study Group; European Diabetes Epidemiology Group. Prediction of the risk
of cardiovascular mortality using a score that includes glucose as a risk
factor. The DECODE Study. Diabetologia 2004;47:2118-2128.

20.

21.

Meigs JB, Nathan DM, D'Agostino RB Sr, Wilson PW; Framingham Offspring
Study. Fasting and postchallenge glycemia and cardiovascular disease risk:
the Framingham Offspring Study. Diabetes Care 2002;25:1845-1850.
Colette C, Monnier L. Acute glucose fluctuations and chronic sustained
hyperglycemia as risk factors for cardiovascular diseases in patients with
Type 2 diabetes. Horm Metab Res 2007;39:683-686.

Monnier L, Colette C, Owens DR. Glycemic variability: the third component of
the dysglycemia in diabetes. Is it important? How to measure it?. J Diabetes
Sci Technol 2008;2:1094-1100.

Monnier L, Colette C. Glycemic variability: should we and can we prevent it?
Diabetes Care 2008;31 Suppl 2:5150-154.

Haak T, Tiengo A, Draeger E, Suntum M, Waldhdusl W. Lower within-subject
variability of fasting blood glucose and reduced weight gain with insulin
detemir compared to NPH insulin in patients with Type 2 diabetes. Diabetes
Obes Metab 2005;7:56-64.

Heise T, Nosek L, Ronn BB, Endahl L, Heinemann L, Kapitza C, Draeger E.
Lower within-subject variability of insulin detemir in comparison to NPH
insulin and insulin glargine in people with Type 1 diabetes. Diabetes
2004;53:1614-1620.

Klein O, Lynge J, Endahl L, Damholt B, Nosek L, Heise T. Albumin-bound
basal insulin analogues (insulin detemir and NN344): comparable time-
action profiles but less variability than insulin glargine in Type 2 diabetes.
Diabetes Obes Metab 2007;9:290-299.

Lepore M, Pampanelli S, Fanelli C, Porcellati F, Bartocci L, Di Vincenzo
A, Cordoni C, Costa E, Brunetti P, Bolli GB. Pharmacokinetics and
pharmacodynamics of subcutaneous injection of long-acting human insulin
analog glargine, NPH insulin, and ultralente human insulin and continuous
subcutaneous infusion of insulin lispro. Diabetes 2000;49:2142-2148.
Yki-Jarvinen H, Kauppinen-Mdkelin R, Tiikkainen M, Vahatalo M, Virtamo H,
Nikkila K, Tulokas T, Hulme S, Hardy K, McNulty S, Hanninen J, Levanen H,
Lahdenpera S, Lehtonen R, Ryysy L. Insulin glargine or NPH combined with
mefformin in Type 2 diabetes: the LANMET study. Diabetologia 2006,49:442-
451.

. Liebl A, Wilhelm B, Kaiser M. Once daily insulin detemir in patients with

Type 2 diabetes: results of German centers in a 6-month international
observational study (SOLVE] MMW Fortschr Med 2012;154 Suppl 4:102-109.
Kurtoglu S, Atabek ME, Dizdarer C, Pirgon O, Isguven P, Emek S; PREDICTIVE
Turkey Study Group. Insulin detemir improves glycemic control and reduces
hypoglycemia in children with Type 1 diabetes: findings from the Turkish
cohort of the PREDICTIVE observational study. Pediatr Diabetes 2009;10:401-
407.

Heise T, Nosek L, Ronn BB, Endahl L, Heinemann L, Kapitza C, Draeger E.
Lower within-subject variability of insulin detemir in comparison to NPH
insulin and insulin glargine in people with Type 1 diabetes. Diabetes
2004;53:1614-1620.

Tone A, Iseda |, Higuchi C, Tsukamoto K, Katayama A, Matsushita Y, Hida
K, Wada J, Shikata K. Comparison of insulin detemir and insulin glargine
on glycemic variability in patients with Type 1 and Type 2 diabetes. Exp Clin
Endocrinol Diabetes 2010;118:320-324.

Renard E, Dubois-Laforgue D, Guerci B; Variability Study Group. Non-
inferiority of insulin glargine versus insulin detemir on blood glucose
variability in Type 1 diabetes patients: a multicenter, randomized, crossover
study. Diabetes Technol Ther 2011;13:1213-1218.



