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Abstract

Backgrounds: 

Insulin detemir(nn304) is a long-acting insulin analogue reported to provide more predictable blood

glucose level  throughout  the day,  leading to a  lower within-subject  variability  compared to  NPH

insulin.  Pharmacokinetic  profiles  of insulin detemir  had not  been investigated  in Taiwanese.  This

study was to determine whether there is a difference between Taiwanese subjects in pharmacokinetic

profile of insulin detemir compared to Caucasian subjects.

Methods:  

Pharmacokinetic profile of insulin detemir was measured in twenty male Taiwaneses(nn304-3023).

Eligible subjects were given insulin detemir as a single dose subcutaneous injection at 0.5 U/kg body

weight in the mid-thigh using NovoPen® 3 device.  32-hour serum insulin detemir  concentrations

were measured. Hypoglycemia and other adverse events were recorded. The results were compared to

data obtained from a previous trial in Caucasian subjects (nn304-1451). 

Results: 

There was no significant difference between Taiwanese (nn304-3023) and Caucasian (nn304-1451) in

the  primary  endpoint,   AUC(0–∝),   and  the secondary  endpoints,  AUC(0–24h),  and  t1/2.  However,  the

secondary endpoints, Cmax was 40% higher, tmax was shorter(270.0 vs. 420.0 min) and AUC(0–5h) was

2-fold more in Taiwanese. When only male subjects were included in the comparator trial (nn304-

1451), the t1/2 was significantly shorter in Taiwanese(348 min vs 404 min). There was no significant

difference in the mean blood glucose concentrations between Taiwanese and Caucasian subjects. A

single episode of hypoglycemia(53 mg/dL) was reported in a 24-year-old male approximately 2.5

hours after the administration of insulin detemir. He was able to treat himself for the episode. 

Conclusion: 

In this pharmacokinetic evaluation of a single dose administration of insulin detemir in Taiwanese

male  subjects,  the  AUC(0–∝),  and  AUC(0–24h) were  not  different  from  that  of  Caucasians  in  the

comparator trial. However, insulin detemir appeared to be more rapidly absorbed in Taiwanese males.

Further studies are warranted to elucidate its pharmacodynamic response and mechanisms. Finally,

there was no clinically relevant safety concern raised in this study. (Funded by research grant from

Novo Nordisk, Taiwan, first registration (22/12/2011) ClinicalTrials.gov number, NCT01497587

Introduction

Insulin  detemir(NN304)  is  a  derivative  of  human  insulin  [LysB29(Ne-tetradecanoyl)  des(B30)

human insulin], in which the threonine residue at position B30 of the human insulin molecule has

been removed and a C14 fatty acid side-chain has been attached to position B29.1 The fatty acid side-

chain contributes to an increased self-association of hexamers, which delays hexamer dissociation and



consequently absorption.2 Upon dissociation of the hexamers into dimers and monomers,  the fatty

acid residue associates with the free fatty acid binding sites on the albumin molecule in the interstitial

fluid  and  in  the  plasma  and  prolongs  the  absorption  of  insulin  detemir  further.  The  free  and

biologically active fraction of insulin detemir permeates the capillary wall and enters the bloodstream,

where it binds to albumin again. To reach the muscle and fat target tissues, insulin detemir dissociates

from albumin and passes the capillary wall once more. Hence, the protracted action of insulin detemir

is  mediated  by  the  strong  self-association  of  insulin  detemir  molecules  at  the  injection  site  and

albumin binding (98-99% bound to albumin in plasma2-4 via the fatty acid side-chain.  The rate of

absorption is slow due to the low concentration of insulin detemir available for diffusion through the

tissue  and passage  across  the  capillary  wall.  In  combination,  the  two mechanisms  of  protraction

provide  a  more  reproducible  absorption  and  action  profile  of  insulin  detemir  compared  to  NPH

insulin.5 Insulin detemir is a clear and colourless solution, and provides a homogenous concentration

of insulin detemir, which increases the dosing accuracy. The more reproducible action profile leads to

a  more  predictable  blood  glucose  level  throughout  the  day,  leading  to  a  lower  within-subject

variability than that reported with NPH insulin.6 At equivalent dosing levels, insulin detemir has a

longer duration of action than NPH insulin. No safety concerns have been raised during the preclinical

and clinical  phase 1,  2 and 3 trials.  Clinical  trials  have confirmed a delayed but sustained blood

glucose lowering effect with insulin detemir in both healthy subjects, and subjects with type 1 and

type 2 diabetes. To date, clinical trials with insulin detemir in healthy subjects as well as in subjects

with type 1 and type 2 diabetes have been conducted in Europe, USA, Japan and Australia. The latest

results from clinical phase 3 trials have suggested that subjects with type 1 and 2 diabetes can be

successfully  treated  with  insulin  detemir  once  or  twice  daily  to  cover  basal  insulin  needs  in

combination with human soluble insulin or the rapid-acting insulin analogue administered at meals. 5,6

The purpose of this study was to determine whether there was a difference between Taiwanese

subjects in pharmacokinetic profile of insulin detemir compared to Caucasian subjects. 

Materials and Methods

The trial  design was based on trial  NN304-1451 in order  to  compare  with the Caucasian

subjects in that trial  7. Twenty Taiwanese male subjects were included  based on the inclusion  and

exclusion  criteria.  The inclusion criteria were: healthy male Taiwanese subjects aged between 18 and

55 years (inclusive),  body mass index (BMI) between 18 and 27 kg/m2 (inclusive); fasting plasma

glucose ≤6.1 mmol/L and non-smoker or smoking ≤5 cigarettes per day or the equivalent. Exclusion

criteria were: participation in any other clinical trial involving other investigational products within



the last 3 months, previous participation in this trial, clinically significant abnormal hematology or

biochemistry screening tests, any serious systemic infectious disease that occurred during the four

weeks prior to the first dose of test drug, any intercurrent illness that may affect blood glucose, subject

with a history of alcohol or drug dependence, any positive reaction of drug of abuse or alcohol screen,

positive Hepatitis B or C or HIV screens, use of prescription drugs within 3 weeks preceding the first

dosing of insulin detemir, mental incapacity, unwillingness or language barriers precluding adequate

understanding or cooperation, subject with a first-degree relative with diabetes mellitus, history of, or

presence of diabetes, cancer or any clinically significant cardiac, respiratory, metabolic, renal, hepatic,

gastrointestinal,  endocrinological,  dermatological,  venereal,  hematological,  neurological,  or

psychiatric disease or disorder as judged by the investigator, previous history of anaphylactic reaction,

known or suspected allergy to trial product or related products.   

An overview of the trial flow is provided in figure 1. The procedures for the relevant visit were

conducted according to the trial flow chart. Before screening, subjects received a screening number in

ascending order and were asked to attend the screening visit in a fasting state, having consumed only

water since midnight.  Blood samples were collected for the analysis of virology, hematology and

clinical chemistry. Subjects were advised to abstain from strenuous activity 48h prior to visit 1. 

On visit 2, subjects were admitted to the Clinical Research Centre of Taipei Veterans General

Hospital  approximately  at  1900h  in  the  evening  of  Day  -1  and  stayed  until  32  hours  after  the

subcutaneous dose. All subjects were given a carbohydrate-rich meal between 20h and 22h in the

evening of Day -1. In the morning of Day 0, Insulin detemir was administered subcutaneously in the

thigh region at time-point zero, using a NovoPen® 3 device at a dose of 0.5 U/kg body weight. Serial

blood sampling for the assessment of insulin detemir concentrations were performed at 30-minute

intervals  for  6  hours  and  then  at  1-h  intervals  until  32  h  post-dosing.  A  cannula  was  inserted

antegradely into a vein for blood sampling. The cannula was kept open and free from coagulated

blood by using a heparinized saline flush post sampling. One mL of blood was drawn and discarded.

Thereafter, 4 mL of blood was drawn and 3.5 mL of blood was handled according to the laboratory

manual  from Capio  Diagnostik.  The  remaining  0.5  mL of  blood  was  taken  for  bedside  glucose

measurement using a glucometer. The total amount of blood drawn for this trial did not exceed 120

mL per subject. Insulin detemir concentration was measured by Capio Diagnostik Clinical Trials Lab,

Copenhagen using the insulin detemir-specific enzyme-linked immunosorbent assay. 

Subjects were required to remain in a supine or semi-supine position for at least 6h after the

administration of the trial product. Thereafter, they were allowed to walk around. Meals were served

at 30 minutes prior to dose administration, and approximately 3, 22, and 26 hours post dosing. Snacks

were given on 5 and 7 hours post dosing. 



Adverse events 8 included hypoglycemia and any other undesirable medical event occurring to

the subject, whether or not related to trial product. The subjects were asked at each contact with the

site if they had had any adverse events. All adverse events were recorded by the investigator and

evaluated.  

The protocol was approved by the independent Ethics Committee of Taipei Veterans General

Hospital prior to study initiation.  The study was performed in accordance with the Declaration of

Helsinki(1964) 9 and the local Good Clinical Practice regulations. Informed consent was obtained in

writing prior to any study-related activities.  

Statistical methods: statistical analysis was performed using  SAS version 8.2 on a

Microsoft  Windows  platform and  pharmacokinetic  parameters  were  calculated.10 The  primary

endpoint was the area under the insulin detemir concentration curve from zero to infinity(AUC(0–∝)).

The null hypothesis was that there was no difference in (AUC(0–∝)) in Taiwanese subjects compared to

Caucasian  subjects  in  trial  nn304-1451  with  thigh  administration  of  insulin  detemir.  The  log-

transformed primary endpoint, (AUC(0–∝))was analyzed using an ANOVA model with ethnic group as

fixed effect. The ratio of the geometric means for the two ethnic groups was obtained, together with

the  95%  confidence  interval  (CI).  The  secondary  endpoints  were  the  maximum  insulin  detemir

concentration(Cmax),  time to maximum insulin detemir  concentration(tmax),  mean residence  time of

insulin detemir(MRT), the area under the insulin detemir concentration curve in the time interval 0–

5h(AUC(0–5h)),  the  area  under  the  insulin  detemir  concentration  curve  in  the  time  interval  0–

24h(AUC(0–24h)),  and  insulin  detemir  half-life  (t1/2).   The  safety  endpoints  were:  incidence  of

hypoglycemic episodes, adverse events and serious adverse events, laboratory assessments, weight,

vital signs and physical examination. All summary tables described for hypoglycemia and adverse

events were based on treatment emergent events only, that is, events starting after the time of first

administration of the trial product and within 7 days after the last treatment day.

Subjects were excluded from the analysis if they did not fulfill any of inclusion or exclusion

criteria,  or had any protocol violation such that the assessment of pharmacokinetic endpoints was

likely to be biased or had unacceptable data quality. For comparison, data from Caucasian subjects in

a previously published trial nn304-14517 were used. A significance level of 5% was used throughout

the analyses, unless stated otherwise. 

Results

Twenty Taiwanese subjects completed the study. Their demographic data were shown in table

1. Two of them were excluded from the pharmacokinetic analysis due to violation of protocol. There



was no significant difference between Taiwanese and Caucasian in the primary endpoint, AUC(0–∝).

The ratio was 0.9 (95% CI: 0.83; 1.07, p=0.327). (table 2)

For  the  secondary  endpoints,  there  was  no  significant  difference  between  Taiwanese  and

Caucasian in the AUC(0–24h) and t1/2 (table 2, figure 2). However, the Cmax was 40% higher (ratio was

1.4,  9%  CI  1.19;1.60,  p<0.0001)  and  AUC(0–5h) was  doubled  (ratio  was  2,  95%  CI  1.56;  2.62,

p<0.0001)in Taiwanese compared to Caucasians (table 2, figure 2).  Furthermore, the tmax (270.0 vs.

420.0 min,  p=0.0005) and MRT (ratio  was 0.7,  95% CI:  0.62;0.76,  p<0.0001) were significantly

shorter in Taiwanese. (table 2, figure 2). 

As  Taiwanese  subjects  were  lighter  in  weight  and  only  male  subjects  were  included,  we

decided to explore if the results of pharmacokinetic analysis could have been influenced by factors

such as BMI and gender. Exploratory analysis was carried out by including BMI as a covariate in the

ANOVA model. The results were similar to the analysis without any adjustments for BMI(data not

shown). Hence, BMI was not found to be a confounding factor on pharmacokinetic endpoints. When

only  male  subjects  were  included  in  the  comparator  trial  (NN304-1451)7, the  results  showed  no

significant difference between Taiwanese and Caucasian in the primary endpoint, AUC(0–∝)  with a

ratio  of  0.9(95% CI:  0.75;1.01,  p=0.062).  For  the  secondary  endpoints,  there  was  no  significant

difference between Taiwanese and Caucasian in the AUC(0–24h),  with a ratio of 1(95% CI: 0.82;1.12,

p=0.587). But the t1/2 was significantly shorter with a ratio of 0.9 (95% CI: 0.76;0.97, p=0.016). The

Cmax was  50%  higher(ratio  was  1.5,  95%  CI:  1.28;  1.81,  p<0.0001)  and  AUC(0–5h) was  1.5-fold

more(ratio  was  2.5,  95%  CI:  2.02;  3.16,  p<0.0001)  in  Taiwanese  compared  to  Caucasians.

Furthermore, tmax (270.0 vs. 420.0 min, p=0.0005) and MRT (ratio was 0.7, 95% CI: 0.62;0.76) were

significantly shorter in Taiwanese subjects.  

The mean blood glucose concentration is shown in figure 3. Over 32h, there was no significant

difference in the mean blood glucose concentrations between Taiwanese and Caucasian subjects.

Adverse Events: only two non-serious events were reported by two subjects, both of which

were mild in severity and assessed as unlikely to be related to administration of trial product. A single

episode of hypoglycemia was reported in a 24-year-old male,  reported experiencing symptoms of

hypoglycemia approximately 2.5h after the administration of insulin detemir. Blood glucose level was

53 mg/dL and he was able to treat himself for the episode. 

Discussion

In  the  present  study,  the  pharmacokinetic  profile  of  insulin  detemir  after  a  single  dose

administration to the thigh in healthy male Taiwanese subjects was compared to healthy male/female



Caucasian subjects in an earlier similar study (nn304-1451)7. Except for gender the inclusion criteria

were  similar  in  both  trials  with  regard  to  age,  range  and  BMI.  The  demography  showed  that

Taiwanese subjects were younger (23.8 ± 4.2 vs. 32.6 ± 9.9 years) than Caucasians and had lower

BMI (21.9 ± 1.9 vs. 24.1 ± 1.9 kg/m2). Equal gender distribution was observed among the Caucasian

subjects. The dose of insulin detemir (0.5 U/kg) administered to Taiwanese was equivalent to the dose

(12 nmol/L) administered to Caucasian. Due to their lower body weight, Taiwanese subjects received

a lower total dose of insulin detemir than Caucasians (32.6 U vs. 36.8 U). There were no apparent

differences  between  Taiwanese  and  Caucasian  with  regard  to  physical  examination,  concomitant

illnesses/medication or medical history.

 Although we found no difference between Taiwanese and Caucasian in the AUC(0–∝),, AUC(0–

24h) and t1/2, there was a left shift of in the curve for serum concentration of insulin detemir(figure 2)

suggesting a faster absorption of the insulin detemir in Taiwanese male subjects. This hypothesis is

further supported by the finding of a significantly shorter t1/2 in Taiwanese when the comparison was

done  between Taiwanese  and  Caucasian  including  male-only.  The  observation  of  comparable  t1/2

compared to Caucasian in the main analysis was possibly confounded by female gender. Although the

mean blood glucose levels  showed no difference  between Taiwanese and Caucasian subjects,  the

consequence  of  the  left  shift  for  insulin  detemir  concentration  was  not  clear  since  it  was  not

investigated in this study. Further study with the effects of meals and endogenous insulin secretion

controlled involving techniques such as glucose clamp may be needed.

The action  of  insulin detemir  is  reported  to be prolonged by association  of  the fatty  acid

residue to binding sites on albumin in the subcutaneous extracellular fluid and blood. 11,12 With more

than  98%  of  insulin  detemir  bound  to  albumin,  the  rate  of  absorption  is  limited  by  the  low

concentration of available insulin detemir for diffusion. In comparing anthropometric measurements

between Asians and Caucasians, Wang et al 13 found that fat for the same BMI category Asians have

higher % body fat and thicker subcutaneous fat, except for the thigh. The skin fold fat area of the mid-

thigh in Caucasian males tended to be thicker than Asian males. It could be hypothesized that the

lower mid-thigh subcutaneous space of Taiwanese may result in more rapidly diffusion of insulin

detemir molecule than in Caucasian in the first 5h after subcutaneous injection into the thigh. 

Ethnic differences in the pharmacokinetics of insulin detemir had been explored and found to

be similar between healthy Japanese American and Caucasian subjects.14 However, we are unable to

make comparison with that of healthy Japanese14 due to different dosages used in this study.

The limitation of this study was that healthy Caucasian male subjects were not recruited at the

same period and put through similar protocols under the same conditions as healthy Taiwanese male



subjects.  Although  we  did  observe  consistently  higher  mean  blood  glucose  concentrations  in

Taiwanese  than  Caucasian  subjects  regardless  of  insulin  detemir  concentration,  (figure  3)  the

pharmacodynamic  effect  of insulin detemir  cannot  be inferred because several  factors  could have

influenced the blood glucose concentration curve. For example, the glycemic index and the calorie

count of the carbohydrate-rich meal served in both trials may not be similar. As no baseline 24h blood

glucose values were collected in this  trial,  any inference on the blood glucose lowering effect  of

insulin detemir is inconclusive based on the results of this trial. Including pharmacodynamic response

would enable us to determine if the difference in pharmacokinetic profiles between the two ethnic

groups will translate into significant differences in pharmacodynamic endpoints. 

In conclusion, in this pharmacokinetic evaluation of a single dose administration of insulin

detemir  in  Taiwanese  male subjects,  the AUC(0–∝),  and AUC(0–24h) were not  different  from that  of

Caucasians in the comparator trial. However, insulin detemir appeared to be more rapidly absorbed in

Taiwanese  males.  Further  studies  are  warranted  to  elucidate  its  pharmacodynamic  response  and

mechanisms. Finally, there was no clinically relevant safety concern raised in this study. (Funded by

research grant from Novo Nordisk, Taiwan, first registration (22/12/2011) ClinicalTrials.gov number,

NCT01497587.
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 Figure 1    overview of the trial flow



Figure 2: 

Mean Insulin Detemir Concentration (pmol/L) over 32h in Taiwanese(3023) and Caucasians(1451)

after a single injection of insulin detemir

Figure 3:

Mean blood glucose concentrations over 32 hours in Taiwanese (3023) and Caucasians(1451)   after a

single injection of insulin detemir



Table 1 Baseline demographic data in Taiwanese subjects(nn304-3023) and Caucasians(nn304-1451)



Table  2:  Pharmacokinetic parameters in Taiwanese subjects(nn304-3023) compared to

Caucasians(nn304-1451)

       


