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Abstract 
We learned from the literature that premixed insulins are short-acting insulin 
or rapid-acting insulin analogue mixed with intermediate-acting insulin in a 
fixed ratio, addressing FBG and PPBG in one injection. There are two catego-
ries; high-mix and low-mix premixed insulins. We, a Saudi task force, ga-
thered to develop an explicit, evidence-based consensus for the use of the 
low-mix premixed insulin for better glycemic control. The treatment with 
premixed aspart 30 was non-inferior to treatment with premixed insulin li-
spro 25. In addition, Self-monitored blood glucose levels were comparable. 
Safety profiles were similar between both treatments, as was the incidence of 
hypoglycemic episodes. The switch between both products of the low-mix 
family can be carried out without any problem. Both products of the low-mix 
premixed insulin analogues aspart 30/70 and premixed insulin lispro 25/75 
have comparable efficacy and safety as shown from the medical literature. 
Therefore, we can change from one to another safely as demonstrated by the 
US FDA statement. In addition, the ergonomic features of KwikPen’s design 
and function may offer important advantages for the user during insulin ad-
ministration. 
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1. Introduction 

According to the International Diabetes Federation (IDF) Diabetes Atlas, the 
worldwide prevalence of diabetes mellitus (DM) is expected to become 9.9% by 
the year 2045 with a total number of 629 Million [1]. It is associated with sig-
nificant morbidity and mortality across the globe. Its prevalence is rising ra-
pidly in Saudi Arabia [2]. To address both the fasting blood glucose (FBG) and 
post-prandial blood glucose (PPBG), the premix insulin formulations provide a 
combination of both rapid/short-acting and intermediate/long-acting insulins in 
a fixed ratio, in a single injection. There are two categories; high-mix and 
low-mix premixed insulins. We, a Saudi task force, gathered to develop an expli-
cit, evidence-based consensus for the use of the low-mix premixed insulin for 
better glycemic control. This article has the recommendations of this expert 
panel. 

1.1. Premixed Insulins 

Premixed insulins are short-acting insulin or rapid-acting insulin analogue mixed 
with intermediate-acting insulin in a fixed ratio, addressing FBG and PPBG in one 
injection. They are listed hereunder in Table 1. 

They have some advantages over the self-mixed insulin. These advantages in-
clude accurate dosage, efficacy, and patient convenience. All can be translated 
into increased compliance and better long-term control of DM [3] [4].  

1.2. Pharmacokinetics of Insulin Analogues 

The pharmacokinetics of medication includes several parameters: the absorp-
tion, the distribution, the metabolism, and the elimination. Insulin absorption is  
 
Table 1. Premixed insulins. 

Insulin Type Trade Name Onset of Action Duration of Action 

Premixed    

Human regular/NPH Human Mixtard 30/70 Variable Variable 

Premixed analogues    

High-mix    

Lispro/lispro protamine Humalog Mix 50/50 Variable Variable 

Aspart/aspart protamine NovoMix 50/50 Variable Variable 

Low-mix    

Lispro/lispro protamine Humalog Mix 25/75 Variable Variable 

Aspart/aspart protamine NovoMix 30/70 Variable Variable 
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derived principally by measuring the concentration of circulating insulin over 
time from the start of subcutaneous injection. That can be evaluated by the eug-
lycemic clamp technique in both normal subjects and diabetic patients (type 1 
and 2 diabetes). The measures can provide a comprehensive description of the 
way in which the body processes the insulin from administration to elimination. 
Typically, the concentrations of insulin should increase or decrease by an in-
crease or decrease in the administered dose. In addition, insulin concentration 
curve over time should coincide with the wanted glycemic lowering profile. 
Therefore, for the rapid-acting insulin analogues, the concentration of insulin 
should peak very quickly after the injection and be rapidly metabolized, and 
eliminated. The currently available rapid-acting insulins have duration of action 
of 3 - 5 hours according to the injected dose. Meanwhile, the concentration of 
the long-acting insulin analogues needs to be stable and uniform. In addition, it 
should be noted that current basal insulin analogues have a waning insulin con-
centration that may not accommodate for the morning increase in the need for 
insulin to cover what is called the dawn phenomenon; the transitory increase in 
insulin resistance in the morning [5] [6] [7].  

As for the premixed insulin analogues (biphasic), the perfect profile is the 
combination of both a rapid-onset and peak insulin action following the injec-
tion. That is to cover the postprandial needs, followed by a rapid return to a long 
plateau to cover the basal needs. Current formulations of premixed biphasic in-
sulins are not ideal in this respect (Figure 1) [5] [8] [9].  

The rapid-acting insulin analogues’ profiles simulate the normal physiological 
insulin secretion in response to meals better than the regular human insulin, 
with a faster onset and higher maximal concentration. However, the profiles of 
long-acting insulin analogues are not wholly flat and do not remain steady over 
the day. Premixed insulin analogues show more rapid absorption relative to 
premixed human insulin and have different peak concentrations in relation to 
the dose of the soluble rapid-acting component. The return to basal insulin le-
vels is slow and uneven. This part of the biphasic insulin profile is known as the  
 

 
Figure 1. Representative rime action profiles of selected insulins [8] [9]. 
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shoulder, which occurs due to the interaction between soluble and protaminated 
insulin molecules [10] [11] [12] [13] [14].  

1.3. Pharmacodynamics 

The pharmacodynamic insulin profile is alike to the pharmacokinetic profile in 
shape. For the rapid-acting insulin analogues, it is a rapid onset and offset, and 
for long-acting insulin analogues, it is a long, flat, and constant profile. In a 
clamp study, the blood glucose levels of the subjects are kept within a certain 
range by infusing IV glucose. The amount of infused glucose to maintain the 
blood levels depicts the amount of its uptake into the cells due to activation of 
insulin receptors. This is called the glucose infusion rate (GIR) [5] [15]. 

The kinetics and dynamics of rapid-acting insulin analogues (aspart and lis-
poro) are similar, as shown in Figure 2 [16].  

Glucose lowering effect from published pharmacodynamics studies conducted 
in patients with T2DM as measured by the glucose infusion rate (GIR) for insu-
lin aspart (0.3 U/kg) [17], human soluble insulin (0.3 U/kg) [17], biphasic insu-
lin aspart 30/70 (0.6 U/kg) [11], biphasic human insulin 30 (0.6 U/kg) [11], insu-
lin detemir (0.8 U/kg) [10] and insulin glargine (0.8 U/kg) [10]. All insulin 
preparations were administered at time = 0 h. In those patients, both insulin as-
part and insulin lispro given just before meals, have reduced the rise of the 2-h 
PPBG by an 18% - 48% reduction compared to human insulin given 30-min be-
fore meal time [12] [18] [19] [20]. 

Cross-over trials showed that the pharmacodynamics of insulin lispro mix 25 
[21] [22] have a lower peak rise in BG compared with premixed human insulin 
and NPH. In addition, premixed insulin aspart 30 had 44 and 34% lower PPBG 
concentrations compared with premixed human insulin 30 after breakfast and 
dinner, respectively [23]. In addition, these results are consistent with the dif-
ferences between rapid-acting insulin analogues and human insulin [5].  

Moreover, for those requiring higher doses of rapid-acting insulin, there is 
good evidence showing the relative increases in early PPBG utilization with the 
high-mix insulin analogues (e.g., premixed insulin aspart 50/50 and 70/30, and  
 

 
Figure 2. Insulin aspart and insulin lispro: (a): Serum insulin levels before and after sub-
cutaneous injection (at 0 min) of insulin aspart or insulin lispro. (b): GIR is needed to 
prevent hypoglycemia in the same patients. (c): Plasma glucose concentrations before and 
after subcutaneous injection of insulin aspart or insulin lispro in the same patients [16]. 
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premixed insulin lispro 50/50 and 75/25) [24] [25] [26].  
Insulin analogues provide physicians the ability to more closely mimic the 

normal physiology of insulin and to select different regimens depending on pa-
tient preferences and lifestyle. Faster onset of action of rapid-acting insulin ana-
logues has improved postprandial glycemic control in patients with T2DM; and 
more predictable glycemic lowering profiles of the insulin analogues have also 
led to reductions in reported nocturnal hypoglycemia, particularly comparing 
long-acting insulin analogues with NPH [5] [12] [13] [23] [27] [28] [29] [30].  

Finally, whilst premixed insulin analogues have been shown to be associated 
with a lower incidence of nocturnal hypoglycemia compared with premixed 
human insulin and help in the intensification of insulin therapy, the protami-
nated/precipitated component does not provide the same duration of action or 
profile of physiological basal insulin replacement. In essence, premixed insulin is 
a mixture of rapid and intermediate-acting insulin, that is, carrying the same li-
mitations as the individual components. Unfortunately, neither insulin glargine 
nor insulin detemir is suitable for mixing with other insulin analogues as this 
mixing substantially alters their pharmacokinetic properties. 

In summary, premixed insulin analogues do not have two distinct peaks. Once 
absorbed, the time of action corresponds to the rapid onset of action of the rap-
id-acting component, and the duration of action corresponds to the interme-
diate insulin component. The peak of action of the premixed insulin analogues is 
unimodal (one distinct peak), corresponding to the maximum effect of the rap-
id-acting component, and it is steep with a gradual decline. The rapid absorption 
is because of the rapid-acting component and this rapid pronounced onset of ac-
tion signifies that these analogues can be utilized immediately before or follow-
ing a meal [11] [25] [31] [32] [33]. 

1.4. Clinical Utility 

It is not clear who could most benefit from the utilization of the premixed insu-
lin analogues. However, based on data from one meta-analysis (Giugliano et al., 
2011) [34] and the DURABLE study [35], it can be concluded that that certain 
people with DM could benefit more by starting an insulin treatment with this 
type of therapy. Those categories of patients who have HbA1c around 8.5% have 
higher elevations in PPBG are less willing to carry out several SMBG measure-
ments throughout the day [35]. Whereas the low-mix 25 could be suitable for 
those patients who have not reached adequate PPBG levels [36] [37] [38], the 
high-mix 50/50 can enhance the premixed insulin therapy and is good for those 
who are already using premixed analogues [39]. 

The premixed insulin analogues 50/50 can also be an option for those using 
the basal insulin in addition to multiple doses of rapid-acting insulin but are not 
compliant with the regimen of therapy [40] [41]. In addition, these higher pre-
mixed insulins could be an initial choice of therapy for those needing higher 
daily doses of rapid-acting insulins or those who eat a high carbohydrate meal. 
[39] [42] [43].  
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It is well established that people with T2DM who do not achieve glycemic 
targets despite the lifestyle modifications, and use of one or more oral antidia-
betic drugs (OADs) should start insulin therapy [44] [45]. The type of insulin 
used in the initial phase depends on the insulin resistance degree and the quan-
tity of consumed food at each meal [33] [46] [47]. Moreover, recent evidence 
suggests that the low-mix premixed insulin analogues 25 provides a similar gly-
cemic control to that of insulin glargine plus lispro in insulin-naïve people with 
uncontrolled DM on OADs. Non-inferiority of the low-mix regimen 25 was 
shown in such category of patients [48].  

Once the doctors have opted for one of the low-mix premixed insulin analo-
gues, either the aspart 30/70 or lispro 25/75, insulin can be given at the start at a 
dose of 0.1 U/kg before breakfast. Then, the dose can be titrated or repeated be-
fore dinner on the following days, depending on individual needs [5]. This titra-
tion is based on the BG levels pre-meals. Insulin is to be adjusted every three 
days, according to the average BG levels at the respective times [49]. If HbA1c is 
not at targets at four months after the initiation of insulin despite an appropriate 
BG levels before meals, then PPBG should be evaluated [25]. For those patients 
already on the basal insulin therapy who may not achieve the HbA1c targets due 
to high PPBG levels despite good fasting levels, the premixed insulin analogues 
can be used. The total dose of the premixed insulin analogues per day could be 
given on a 1:1 ration (the same total daily dose). Half the dose is to be given be-
fore the breakfast and the other half before the dinner [49].  

1.5. Are All the Low-Mix Premixed Insulin Analogues the Same? 

In a randomized, multinational, open-label, company sponsored (Novo Nor-
disk) crossover comparison study of premixed insulin aspart 30 and premixed 
insulin lispro 25 in adult patients with T2DM, Niskanen et al. (2004) compared 
their efficacy and safety profiles. The premixed insulin aspart 30 (30% soluble 
insulin aspart and 70% protaminated insulin aspart) and the premixed insulin 
lispro 25 (25% soluble insulin lispro and 75% neutral protamine lispro were used 
in a BID injection regimen in patients with T2DM. In addition, they assessed the 
patients’ preference for pen devices. Glycemic control was assessed by measuring 
the HbA1c after three months of treatment [50].  

A total of 151 patients with T2DM were screened. Inclusion required insulin 
treatment for the past six months, total daily insulin dose <1.80 IU/kg, age more 
than 18 years, HbA1c <12%, and body mass index <35 kg/m2. Patients had to be 
eligible for BID mixed insulin treatment and be able and willing to perform 
SMBG. Previous therapy with insulin analogues or the use of OADs within the 
last month was not allowed. Furthermore, those cases with abnormal renal, he-
patic, or cardiac functions were excluded. Also, other exclusion criteria included 
severe uncontrolled hypertension, allergy to the trial medications, pregnancy, or 
drug or alcohol abuse. Nine patients did not fulfill the inclusion or exclusion 
criteria, and five decided to withdraw before randomization. Randomization was 
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carried out using an interactive voice response system. The investigator tele-
phoned the system and obtained the treatment sequence from the underlying 
randomization codes, thereby ascertaining unbiased treatment allocation in the 
open-label trial design [50].  

2. Efficacy Assessments 

Glycemic control was assessed by the measurement of HbA1c after 12 weeks of 
treatment. In addition, short-term glycemic control was assessed by SMBG 
measurements. OneTouch® Profile® BG meter (LifeScan, Inc., Milpitas, Califor-
nia) were used. Patients were asked to perform a seven-point BG profile on any 
day in the week prior to the start and end of treatment periods [50].  

3. Safety Assessments 

Adverse events (AEs) and hypoglycemic episodes were recorded throughout the 
trial. The investigator classified the AEs as serious or non-serious and assessed 
the severity of the events. AEs were considered serious if they resulted in 
death, a life-threatening experience, inpatient hospitalization or prolongation 
of hospitalization, persistent or significant disability/incapacity, or congenital 
anomaly/birth defect. All AEs not fulfilling the above definition were classified 
as non-serious. AE severity was assessed as mild, moderate, or severe. Relation 
to the trial product was assessed by the investigator as probable, possible, un-
likely, or impossible to assess. Hypoglycemic episodes were classified as major 
(requiring third-party assistance), minor (BG reading <2.8 mmol/L with or 
without symptoms of hypoglycemia), or symptoms of hypoglycemia (not con-
firmed by BG reading). Vital signs (pulse and blood pressure, sitting) were rec-
orded at the beginning and end of each treatment period. Measurements were 
taken after patients had been resting in a chair for 5 minutes [50].  

4. Preference for Pen Device 

Patient satisfaction with the pen devices was assessed using two device-specific 
questionnaires: 1 for the FlexPen and 1 for the Humalog Pen, differing by the 
device names only. The questionnaires included 16 questions aimed at assessing 
features of the pens that were related to ease of use, utility and convenience, and 
confidence in correct diabetes management. In addition, patients were asked to 
state whether they had experienced any problems using the pens and if so, they 
were asked to describe them. Each questionnaire was completed at the end of the 
treatment period in which the patients had used the particular device. The ques-
tionnaires were completed by the patients at the clinic before the clinical consul-
tation. While completing the questionnaires, patients were left alone, but with 
access to a staff member if questions arose. If uncertain about specific questions, 
the patient was asked to read the question again and answer in the most appro-
priate way. The patients placed the questionnaire in an envelope and sealed it. At 
the end of the second treatment period, patients rated the importance of the 
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features assessed in the device-specific questionnaires. Furthermore, after having 
used both pen devices, patients’ overall pen preference was evaluated using a 
comparative questionnaire. The patients were asked which pen they found ea-
siest to use and which they would prefer to continue using [50].  

5. Characteristics of the Participants 

A total of 137 patients were randomized to treatment. Four of the randomized 
patients were withdrawn during the run-in treatment with biphasic human insu-
lin 30: 1because of an AE and three for other reasons. The mean (SD) characte-
ristics of the remaining 133 patients (79 men, 54 women) exposed to the pre-
mixed insulin aspart 30 (Asp 30) and/or the premixed insulin lispro 25 (Lisp25) 
were as follows: age, 62.3 (9.2) years; body mass index, 28.1 (3.9) kg/m2; and 
HbA1c, 8.5% (1.1). The mean duration of diagnosed T2DM was 12.1 (7.1) years 
(range, 0.6 - 35.8 years). Concomitant illnesses included symptoms related to 
late T2DM complications. A total of 129 patients completed the trial; four pa-
tients withdrew during the first treatment period (two because of AEs consi-
dered to be unlikely related to trial products [one receiving Asp 30 and 1 receiv-
ing Lisp25], one owing to ineffective therapy (Lisp25), and 1 for other reasons 
[Asp 30]) [50].  

6. Glycemic Control 

A total of 132 patients were exposed to Asp 30 and/or Lisp25 and had evaluable 
efficacy data, thus fulfilling the criteria of the ITT population. Treatment with 
Asp 30 was non-inferior to treatment with Lisp25 (Table 2). No carryover ef-
fects between treatments were indicated. Overall, a mean reduction in HbA1c of 
~0.5% from baseline to the end of the second treatment period was observed. 
The BG levels at each of the seven-time points of the BG profiles were comparable 
(Table 2). The BG analyses were made without adjustment for baseline  
 
Table 2. Glycemic control with biphasic insulin aspart 30 (30% soluble insulin aspart and 
70% protaminated insulin aspart [Asp30]) and biphasic insulin lispro 25 (25% soluble 
insulin lispro and 75% neutral protamine lispro [lisp25]) as assessed by HbA1c and BG 
levels after 12 weeks of BID treatment [50]. 

 
Asp 30, 
mean 

Lisp25, 
mean 

Asp 30 - Lisp25, 
mean 

CI P 

HbA1c% 8.15 8.01 0.14 0.008 to 0.275 0.082 

BG, mmol      

Breakfast 7.6 7.5 0.2 −0.3 to 0.6 0.422 

90 min after breakfast 9.5 9.7 −0.2 −1.0 to 0.5 0.524 

Lunch 6.5 6.8 −0.4 −0.9 to 0.2 0.168 

90 min after lunch 9.7 9.8 −0.1 −0.7 to 0.5 0.746 

Dinner 8.7 8.6 0.1 −0.5 to 0.7 0.824 

90 min after dinner 9.6 10.0 −0.4 −1.1 to 0.2 0.186 

Bedtime 8.6 8.9 −0.4 −1.1 to 0.3 0.291 
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values; however, such an adjustment did not significantly alter the results. Before 
lunch, BG was particularly well controlled with both products (6.5 mmol/L with 
Asp 30 and 6.8 mmol/L with Lisp25). Mean BG was also within the recom-
mended range at the other time points, except before dinner and at bedtime, 
when the BG target was slightly exceeded. Mean daily insulin doses increased 
slightly during the overall 24-week treatment period: from 0.65 U/kg to 0.67 
U/kg for patients randomized to the Asp 30/Lisp25 sequence and from 0.67 
U/kg to 0.71 U/kg for patients in the Lisp25/Asp 30 sequence [50]. 

7. Safety 

The safety population included all 133 exposed patients. The incidence of AEs 
was similar for both Asp 30 (83 events) and lisp25 (68 events). Upper respiratory 
tract infections and influenza-like symptoms were the most frequently reported 
AEs (reported by >5% of patients). Fourteen AEs were serious (11 for Asp 30 
and 3 for lisp25); none were judged to be related to trial products. Most AEs 
were mild (Asp 30: 61.4%; lisp25: 70.6%) or moderate (Asp 30: 33.7%; lisp25: 
26.5%) in severity. There was 1 AE withdrawal: a 71-year-old man who was 
treated for 79 days with Mix25 was diagnosed with malignant neoplasm consi-
dered unlikely to be related to treatment. After withdrawal, the patient suffered 
an acute myocardial infarction and died. The six AEs considered possibly or 
probably related to trial products were mild and non-serious (Asp 30: 4 events 
[headaches (2), injection site bruising, and bruising from a fall during a hypog-
lycemic episode]; lisp25: 2 events [injection site bruising]). During the two 
12-week treatment periods, two major hypoglycemic episodes were reported, 
one for Asp 30 and 1 for lisp25. Fifty-seven patients receiving Asp 30 had 269 
minor or symptoms-only hypoglycemic episodes, and 53 patients receiving 
lisp25 had 233 episodes. Of these minor and symptoms only episodes, 101 epi-
sodes with Asp 30 and 79 episodes with lisp25 occurred during the initial four 
weeks of treatment. These episodes were not included in the statistical analysis. 
The rate of minor and symptoms-only episodes during the last eight weeks of 
treatment was 0.69 episode/mo of exposure for Asp 30 and 0.62 episode/mo of 
exposure for lisp25. As the estimated Asp 30/lisp25 ratio of episodes did not dif-
fer significantly from 1 (P = 0.292), the risk was comparable. For vital signs, four 
patients had systolic blood pressure findings slightly and transiently >180 mm 
Hg. In conclusion, the safety profiles were considered similar for the two treat-
ments [50]. 

8. Patients’ Preference for Pen Device 

The device-specific questionnaires assessed features of the pens related to their 
ease of use, utility and convenience, and to patients’ confidence in the correct 
management of their diabetes (e.g., confidence in setting, controlling, and in-
jecting the correct dose). Analyses of the questionnaire results were performed 
on the safety population; however, owing to incomplete answers, the exact 
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number of patients in each crossover analysis was lower (between 111 and 118). 
Patients were consistently more satisfied with the FlexPen than with the Huma-
log Pen, with statistically significantly higher scores given to the FlexPen for all 
16-device features assessed in the device-specific questionnaires (Table 3; all P < 
0.005). For example, of the 118 patients having answered question 1 in both 
questionnaires, 63 (53.4%) gave the FlexPen favorably higher scores than the 
Humalog Pen, whereas 3 (2.5%) patients rated the Humalog Pen higher than 
the FlexPen. The remaining 52 (44.1%) patients gave equal scores to the two 
devices [50].  
 
Table 3. Comparison of patients’ assessments of the NovoMix® 30 FlexPen®* (FlexPen) 
and the Humalog® Mix25™† Pen (Humalog Pen) using the device-specific questionnaires 
[50]. 

 

No. (%) of observations in favor of 

No. of Paired 
Observations 

FlexPen 
Humalog 

Pen 
P 

1) How easy/difficult is to read the dose scale? 118 63 (53.4) 3 (2.5) <0.001 

2) How difficult do you find it to hold the pen stable 
when injecting insulin? 

118 48 (401.7) 14 (11.9) <0.001 

3) How easy/difficult is to hear the clicks for each 
unit increment? 

118 61 (51.7) 9 (7.6) <0.001 

4) How easy/difficult is to feel the clicks for each 
unit increment? 

118 58 (49.2) 8 (6.8) <0.001 

5) How easy/difficult is to push down the injection 
button? 

118 62 (52.5) 14 (11.9) <0.001 

6) How easy/difficult is to turn the dose selector 
when choosing the right dose? 

117 53 (45.3) 3 (2.6) <0.001 

7) How easy/difficult is to know if the push  
button has been pushed completely down 

117 64 (54.7) 9 (7.7) <0.001 

8) How easy/difficult is to see the dose scale  
when injecting? 

117 75 (64.1) 10 (8.5) <0.001 

9) How confident are you that you set the insulin 
dose correctly every time? 

117 42 (35.9) 10 (8.5) <0.001 

10) How confident are you that you inject the  
correct amount of insulin every time? 

117 47 (40.2) 11 (9.4) <0.001 

11) Overall, how confident are you in your  
management of your daily insulin injections  
using this pen? 

113 54 (47.8) 8 (7.1) <0.001 

12) Overall, how confident are you in controlling 
your blood sugar level using this pen? 

113 39 (34.5) 17 (15.0) <0.005 

13) How suitable is the pen to use in public? 112 51 (45.5) 19 (17.0) <0.001 

14) How confident are you that the air shot  
has been done correctly? 

111 40 (36.0) 11 (9.9) <0.001 

15) How convenient do you find the size of the pen? 113 64 (56.6) 6 (5.3) <0.001 

16) How comfortable do you find the handling  
of the pen (eg, is it easy to hold, does it fit  
nicely in the hand, etc)? 

113 66 (58.4) 13 (11.5) <0.001 
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Users were asked to rate the importance of the individual feature of the pen to 
ensure that the questions dealt with features were relevant for the patients. All 
were of great significance, as the rating “very/ rather important” was given by 
80% to 99% of patients, depending on the actual feature. For example, 96.0% of 
patients believed that it was “very/rather important” that the dose scale was easy 
to read (question 1). Regarding this feature, 99.2% of patients answered that they 
found the dose scale of the FlexPen “very/fairly easy to read,” whereas 68.5% 
gave this assessment to the Humalog Pen [50].  

When asked if they had experienced any problems using the pens, 32.4% ans-
wered that they had experienced problems with the Humalog Pen, and 9.0% had 
experienced problems with the FlexPen (P < 0.001). The most frequently re-
ported problems with the FlexPen were various kinds of injection difficulties (8 
patients). For the Humalog Pen, this type of problem was also the most fre-
quently reported (23 patients). In addition, several patients found it difficult to 
read the dose scale of the Humalog Pen (nine patients), and concern was ex-
pressed as to whether the correct dose had been injected using this pen (seven 
patients) [50]. 

Patients were asked about their pen preference in the comparative question-
naire, completed at the end of the second treatment period (Figure 3). For over-
all ease of use, 73.6% preferred the FlexPen, whereas 9.1% preferred the Huma-
log Pen (P < 0.001). The remaining 16.5% and 0.8% of patients found the devices 
equally easy or equally difficult to use, respectively. In addition, 74.6% preferred 
to continue using the FlexPen, and 14.3% favored the Humalog Pen (P < 0.001). 
The remaining 7.1% and 4.0% of patients preferred either or neither device, re-
spectively [50].  

Before entering this trial, ~78% of patients had used a device from Novo Nor-
disk A/S, 14% a device from Eli Lilly and Company/Becton, Dickinson and 
Company (Eli Lilly/BD) (Eli Lilly devices are produced by BD), 7% a vial and sy-
ringe, and 1% a device from other manufacturers. When evaluating pen prefe-
rence for these groups separately, the results were similar to those of the entire 
population. Hence, of the Novo Nordisk A/S device users, 73.5% preferred to  
 

 
Figure 3. Patients’ preference for pen device assessed using the comparative question-
naire. FlexPen vs Humalog Pen, P < 0.001. FlexPen = NovoMix® 30 FlexPen® (Novo Nor-
disk A/S, Bagsværd, Denmark); Humalog Pen = Humalog®Mix25™ Pen (Eli Lilly and 
Company, Indianapolis, Indiana) [50].  
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continue using the FlexPen and 17.4% the Humalog Pen. Of the Eli Lilly/BD de-
vice users, 73.7% preferred to continue using the FlexPen and 5.3% the Humalog 
Pen [50].  

Preference for a particular device might be influenced by previous experience; 
for example, patients might choose a pen from the manufacturer of their pre-
vious pen. When patients were grouped by previous pen manufacturer (Novo 
Nordisk A/S or Eli Lilly/BD), the pen preference in the 2 groups was similar. 
Hence, of the Novo Nordisk pen users, 73.5% would prefer to continue using the 
FlexPen and 17.4% the Humalog Pen; of the Eli Lilly/BD users, 73.7% would 
prefer to continue using the FlexPen and 5.3% the Humalog Pen. Thus, a prede-
termined preference for pens produced by the patients’ previous pen manufac-
turer was not demonstrated [50].  

9. Summary 

The results of this study showed that treatment with premixed aspart 30 was 
non-inferior to treatment with premixed insulin lispro 25. In addition, Self- 
monitored blood glucose (SMBG) levels were comparable. Safety profiles were 
similar between both treatments, as was the incidence of hypoglycemic episodes 
[50]. 

Moreover, the switch between both products of the low-mix family can be 
carried out without any problem. The US FDA stated that, in emergency condi-
tions, one insulin mix product might be substituted for another on a unit- 
per-unit basis [51].  

Preference for a particular device might be influenced by the previous expe-
rience of the patients. Thus, the results of the previous study of Niskanen et al. 
(2004) were not conclusive as regards this item. Hereunder, we will present some 
different views from other studies related to the device evaluation. Ignaut et al., 
2008 in their study, evaluated the ergonomic features and injection force, as 
measured by the glide force (GF), the glide force variability (GFV) for the new 
Humalog® Mix75/25 KwikPen™ (KwikPen), and compared with the NovoLog® 
Mix 70/30 FlexPen® (FlexPen). Fifty prefilled insulin pen devices (25 of each 
type) were measured for diameter at the cartridge holder and dose window, 
length and weight with cap attached, and thumb reach at 30 and 60 units. GF 
was also determined for 100 devices (50 of each type); GFV at 30 and 60 unit 
doses was calculated for the plateau portion of the force curve based on the 
minimum and maximum force measured in that portion of the curve [52]. The 
results of this study showed that, while FlexPen was lighter in weight than 
KwikPen, and presented a slightly smaller diameter at the cartridge holder and 
dose window, KwikPen had a shorter overall pen length compared to FlexPen, 
with a shorter thumb reach at both the 30- and 60-unit dose settings. The max-
imum GF for KwikPen was less than FlexPen. KwikPen GFV was lower across 
both doses. They concluded that while FlexPen was lighter with a slightly smaller 
cartridge holder and dose window diameter, KwikPen was shorter in length with 
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less thumb reach than FlexPen. KwikPen also demonstrated lower GF and GFV, 
resulting in a smoother injection profile than FlexPen. These features of Kwik-
Pen’s design and function may offer important advantages for the user during 
insulin administration [52].  

In another simulated injection study by Ignaut et al. (2009) showed patients’ 
preference for Humalog KwikPen to the vial and syringe and FlexPen. Huma-
log KwikPen was found to be easy-to-use, easy-to-hold while injecting, and 
easy-to-press the injection button. Accurate dose measurements were reported 
with Humalog KwikPen more than with vial and syringe. Feature comparison of 
Humalog KwikPen to vial and syringe found the pen device preferable to vial 
and syringe in all attributes compared. A pen device may offer greater patient 
acceptance of insulin therapy and improved treatment satisfaction. These find-
ings may be clinically beneficial because health gains may be obtained through 
increased adherence and enhanced diabetes self-management. The advantages of 
pen devices used in this study should be considered by health care providers in 
consultation with patients regarding diabetes treatment options [53].  

A third study was a randomized, open-label, two-period, eight-sequence cros-
sover study in insulin pen-naïve patients with DM was carried out by Clark et 
al. (2010) to determine the patient ease-of-use and preference for the Humalog 
KwikPenversus the next generation FlexPen. The results of this study showed 
that among pen-naïve patients with DM who had a preference, the majority 
preferred the insulin lispro pen over the insulin aspart pen with regard to 
ease-of-use [54]. 

10. Recommendations 

• Both products of the low-mix premixed insulin analogues aspart 30/70 and 
premixed insulin lispro 25/75 have comparable efficacy and safety as shown 
from the medical literature. Therefore, we can change from one to another 
safely as demonstrated by the US FDA statement. 

• In addition, the ergonomic features of KwikPen’s design and function may 
offer important advantages for the user during insulin administration. 
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