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Diabetes is a lifelong course disease, so insulin treatment has to be effective and safe, and patients should be satisfied with it. We
aimed to compare efficacy, safety, and quality of treatment satisfaction of human and premixed analogue insulin among 3264
patients (53.58% women) with type 2 diabetes mellitus (T2DM) in a real-life environment. 2493 patients (62.77%) had been
assigned to group I where before the inclusion into the study the treatment regimen has been changed from analogue to human
premixed insulin and 771 patients (37.23%) to group II where the treatment with insulin analogue remained unchanged. At the
end of the study, there was a reduction of HbAlc observed in both of the groups; however, A HbAlc was significantly higher in
group 1 (-0.599 versus —0.406; P < 0.001 at visit 3 versus visit 1). The number of hypoglycemic episodes during the study
observation was insignificantly reduced in both groups. Diabetes treatment satisfaction measured with DTSQ increased at the
end of the study and was significantly better in group I compared to group II (P < 0.001). This observational study proved that
both human and premixed analogue insulin are effective and safe, and patients are satisfied with the treatment.

1. Introduction

Insulin treatment is a necessity of life for many patients with
T2DM [1]. After almost 100 years post insulin invention, it is
still a cornerstone for type 2 diabetes treatment to maintain
an optimal blood glucose level. Since the disease is not well
controlled in many patients [2], as a response, new insulin
analogues and different insulin treatment regimens were
raised to cope with it [3]. On the other hand, it must be noted
that new insulin formulations generate higher costs, which
may limit their use [4]. When the decision regarding

choosing the right treatment agent is made, there are always
the same issues that have to be addressed namely, that the
treatment must not only be effective, but also safe and
patients have to be satisfied with it. In order to fulfill those
prerequisites and due to the lifelong course of diabetes, the
insulin therapy must be chosen individually in relation to
patient’s needs, treatment goals, and safety [5].

Treatment of patients who use basal insulin and require
additional mealtime insulin can be intensified by an addition
of a mealtime short-acting human insulin or by switching to
a premixed insulin regimen [5]. The treatment option first
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mentioned can be in the form of basal-plus regimen, but
usually full basal-bolus is required with time, which can
be challenging for patients [5, 6]. The latter formulations
combine a fixed combination of short-acting regular insu-
lin or rapid-acting insulin analogue with an intermediate-
acting protamine component providing mealtime and
basal blood glucose control in one injection, which offers
a more convenient however less flexible form of treatment
in terms of titration and timing and requires a regulated life-
style [1, 7]. Premixed insulin formulations are among the
most frequently used in many countries [8]. There are appar-
ent differences in pharmacokinetic and pharmacodynamics
properties between premixed insulin analogues and conven-
tional premixed human insulin [9]. Whether the differences
possess a clinical importance remains a matter of discussion
and surely depends on an individual patient clinical condi-
tion [10]. However, insulin analogues may not be suitable
for all patients with diabetes. For many patients, a disadvan-
tage regarding the application of insulin analogue may be a
therapy expense [10, 11] as well as too short time of action
among individuals by whom insulin formulation requires a
longer time span, for example, those who used to eat snacks.
It is very important to implement insulin therapy to patients
who are likely to adhere, because nonadherence to pharma-
cotherapy has been linked to unfavorable outcomes [12].
Not one of the observational studies regarding premixed
insulin therapy performed to date aimed at comparing
switching premixed insulin analogue therapy to human one
even though it might be a real-life therapeutic option in the
light of guidelines of therapy individualization [8, 13].

To our best knowledge, there have been no studies
performed up to date which aimed to observe an everyday life
diabetologists’ decision made regarding insulin treatment
with a special focus on eflicacy, safety, and patient quality
of treatment satisfaction when premixed insulin analogues
were switched to premixed human insulin in comparison to
continuation of treatment with premixed insulin analogue.

2. The Aim of the Study

This observational study, PROGENS BENEFIT, aimed to
compare efficacy, safety, and quality of treatment satisfac-
tion of human and premixed analogue insulin among type
2 diabetic patients.

3. Materials and Methods

The PROGENS BENEFIT was a 24-week prospective, obser-
vational, multicenter study performed among 3264 adult
T2DM patients who had been treated with metformin and
premixed human or analogue insulin. Patients were recruited
from 166 outpatient diabetology clinics distributed all over
Poland. Each of the 109 diabetologists participating in the
study recruited approximately 30 consecutive patients seen
on a regular visit fulfilling the inclusion/exclusion criteria.
Due to observational character of the study, there were no
defined study procedures and all assessments were per-
formed by the diabetologists as a part of routine clinical care.
At first visit, there were demographic data recorded: age,
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gender, locality of living, school education level, time of dia-
betes duration, type of insulin treatment, and number and
severity of hypoglycemic episodes occurring 4 weeks prior
to the baseline visit. There were also measurements taken:
body mass and height in kilograms and meters, respectively,
and body mass index (BMI) calculated as a weight in kilo-
grams divided by height in square meters. Data on HbAlc,
postprandial plasma glucose (PPG) and fasting plasma glu-
cose (FPG) were obtained from the results of tests performed
as part of the patients’ routine management of diabetes. FPG
and PPPG values obtained within the last week and HbAlc
values obtained within the last 4 weeks prior to each visit
were considered acceptable.

The inclusion criteria were as follows: patients with type 2
diabetes diagnosed at least one year prior inclusion to the
study based on clinical criteria [13], 18 years of age or above,
treated with metformin in a stable dose of >1500mg
throughout a minimum of one month and premixed human
30/70 or 50/50 insulin (Gensulin M30, Gensulin M50) or
analogue 30/70 or 25/75 or 50/50 insulin with daily insulin
recruitment exceeding 301U and a stable dose for a mini-
mum of one month before the inclusion into the study,
HbAlc> 7%, and BMI <40 kg/m’.

The exclusion criteria included diabetes other than type
2, a history or presence of serious cardiovascular disease
(myocardial infarction/acute coronary event or stroke in
the last 3 months, heart failure in NYHA stage IV and coro-
nary heart disease according to CCS in grade 3 or 4), unstable
hypertension (>180/100 mm Hg) despite antihypertensive
drug use, impaired renal function (eGFR < 30 ml/min, creat-
inine concentration > 135 ymol/l), severe hepatic dysfunc-
tion (the aspartate transaminase and alanine transaminase
activities exceeding the normal range 3 times above the upper
limit of the normal range), medication with systemic gluco-
corticosteroids (excluding inhaled preparations), ACTH or
interferon, chronic mental disorders, addiction to alcohol or
drugs, participation in other clinical trials during the preced-
ing 3 months, allergy to insulin or any other compounds of
the preparation, pregnancy or breastfeeding, and other con-
ditions or diseases that could be considered a contraindica-
tion for participating in the trial and human insulin therapy
(Gensulin M30 or Gensulin M50) for longer than 4 weeks.

After the first enrollment into the study visit, patients
attended two follow-up visits, every 12 weeks + 7 days, so that
the patients were observed over a total of 24 weeks. After
recruitment, patients have been divided into two groups.
Group I consisted of patients who had been treated with insu-
lin analogue 30/70 or 25/750r 50/50, and at the discretion of
specialists in diabetology, the treatment has been changed to
human premixed insulin 30/70 or 50/50 (Gensulin M30 or
Gensulin M50) in the time range between 2 to 4 weeks before
the inclusion into the study. An insulin prescribed was
administered twice with the dosage adjusted individually as
required, and information about the dose was recorded at
baseline, after 12 weeks and at the final visit (after 24 weeks).
Group II consisted of patients who had been treated with
insulin analogue, and the treatment was not changed to
human premixed insulin in the time range between 2 and 4
weeks before the inclusion into the study. Patients had the
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TaBLE 1: Demographical and clinical characteristics of the studied groups.
Total Group I Group II
Groups n = 3264 e 2493 0771 P
Male/female (%) 46.42/53.58 45.05/54.95 51.91/48.09 <0.002
Age (years) (+SD) 65.28+9.29 6547 +9.1 64.65+8.9 NS
BMI (kg/mz) (£SD) 31.17£4.16 31.31+£3.85 30.72+4.01 NS
824+1.33 8.31+1.28 7.98+1.31
Baseline HbA1c¢ (%; mmol/mol) (+SD) <0.001
66.6 +£10.7 67.3+10.3 63.7£10.6
Diabetes duration (years) (+SD) 11.61 +6.28 11.58 +6.54 11.69 +6.72 NS
Insulin therapy duration (years) (+SD) 6.02 +4.55 597 +4.21 6.16 +4.31 NS

NS: statically insignificant; n: number of patients; SD: standard deviation; BMI: body mass index; HbAlc: glycated hemoglobin.

dose adjusted individually as required in order to improve the
blood glucose control.

All participating patients had been educated regarding
behavioral treatment of diabetes (diet, physical activity)
according to a routine local practice. The body mass was
recorded at each study visit. Laboratory assessment of HbAlc
was subject to local standardization and was performed
before each study visit. The primary objective of the study
was to assess the effectiveness and safety of the premix
human and analogue insulin as an addition to metformin.
The secondary objective of the study was to assess patients’
treatment satisfaction with the use of validated and univer-
sally used Diabetes Treatment Satisfaction Questionnaires
(DTSQ) [14] which was implemented as baseline and at the
final visit. Effectiveness of insulin treatment was evaluated
based on the change in HbAlc, FPG and PPG assessed at
the final visit. Safety was assessed based on the number and
severity of reported hypoglycemic episodes. Hypoglycemic
episodes were analyzed during each study visit. Safety assess-
ments included the change in number and severity of hypo-
glycemic events in the last 12 weeks prior to baseline and
final visit. Hypoglycemic episodes were classified as severe
or documented symptomatic hypoglycemia and pseudohy-
poglycemia. The definitions of hypoglycemic episodes were
based on the report from the American Diabetes Association
Workgroup on Hypoglycemia [15]. Severe hypoglycemia was
defined as an episode requiring the assistance of another per-
son to raise the plasma glucose concentration resulting in a
resolution of symptoms, with or without a measured low
plasma glucose concentration. Documented symptomatic
hypoglycemia was defined as symptoms consistent with
hypoglycemia with a measured plasma glucose concentra-
tion<70mg/dl  (3.9mmol/l). Pseudohypoglycemia was
defined as typical symptoms of hypoglycemia with a mea-
sured plasma glucose concentration >70 mg/dl (3.9 mmol/l)
but approaching the level of hypoglycemia.

The statistical analysis was performed using Statsoft
Statistica v12 software. In the case of quantitative variables,
normality of distribution was tested by Shapiro-Wilk test.
Numerical data were described as average + standard devia-
tion and categorical outcomes were presented as percentages.
Distribution of quantitative variables was evaluated based on
the average and standard deviation, while the distribution of
categorical variables was presented using percentage. Mann-
Whitney U test and Student’s t-test depending on the

number of cases and normality distribution were used for
statistical analysis of quantitative variables. Chi-square test
and Fisher test were used for statistical analysis of categorical
variables. Statistical significance level was set at P < 0.05.

The study was performed in accordance with the Decla-
ration of Helsinki and was approved by the local Bioethics
committee. All participants gave written informed consent
to participate in the study. The manuscript was prepared
according to STROBE guidelines [16].

4. Results

From the total of 3264 type 2 diabetic patients (53.58%
women) with HbAlc>7% and daily insulin dose >301U,
2493 patients (76.37%) had been assigned to group I where
the treatment regimen has been changed from analogue to
human premixed insulin and 771 patients (23.62%) to group
I where the treatment with insulin analogue remained
unchanged. There were no significant differences in terms
of patients’ age, but there were significantly more women
in the group I compared to the group II (Table 1). In the
group I, compared to group II, there was a significantly
higher number of patients from the rural area 29.61 versus
26.19%, P <0.05, and less educated where basic education
level was significantly lower in group I compared to group
IT (21.84 versus 16.69%, P < 0.01) and university level educa-
tion was declared by significantly lower number of patients
in group I compared to group II (5.72 versus 13.02%, resp.,
P <0.001). There was a significant difference in FPG and
PPG among studied groups both in between first and last
visits as well as between group I and group II at each study
visit where the mean glucose values were significantly higher
in group I compared to group II (Figure 1). HbAlc values
were reduced significantly in both studied groups; however,
the difference was significant in group II compared to group
I at visits 1 and 2 with no significant difference at last visit
(Figure 2). At the end of the study, there was a reduction
of HbAlc observed in both of the groups; however, AHbA1c
was significantly higher in group I (-0.599 versus —0.406;
P <0.001 at visit 3 versus visit 1). Insulin dose differs signif-
icantly among the studied groups, and it was higher at all
study visits in group I compared to group II as well as it dif-
fered significantly among groups comparing visit 1 and visit
2 (Figure 3). The metformin dose remained stable through-
out the trial and did not differ significantly between the
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FIGURE 1: (a) Mean FPG and PPG among group I at each visit. (b) Mean FPG and PPG among group II at each visit. ***P < 0.001 statistically
significant difference between the 1st and 3rd visits. # P < 0.05 and ### P < 0.001 statistically significant differences between group I and group
II. h: hours; FPG: fasting plasma glucose (FPG); PPG: postprandial plasma glucose.
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FIGure 2: HbAlc value at each site visit. ***P < 0.05 statistically
significant difference between the 1st and 3rd visits. ###P <0.05
statistically significant difference between group I and group II.

studied groups of patients. The number of hypoglycemic
episodes during the study observation was insignificantly
reduced in both groups. Cases of hypoglycemic episodes
were less frequently observed in group II compared to group
I (5.8 versus 6.0 episodes/per patient/per year (PPY), resp.).
The opposite situation was in cases of severe hypoglycemia
and pseudohypoglycemia, where both episodes were less
frequently observed in group I than in group II (1.5 versus
1.9 episodes PPY, resp.) and as for pseudohypoglycemia
(3.78 versus 3.8 episodes/per patient/per year, resp.). How-
ever, all of the differences were not statistically significant.
There was a significant reduction in body mass weight
observed between first and last visits in both studied groups
(Figure 4). Diabetes treatment satisfaction measured with
DTSQ increased at the end of the study and was signifi-
cantly better in group I compared to group II (P <0.001).
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During the study, there was a significant reduction in
perception of hyperglycemic episode frequency in both
groups (P <0.001) and no change in perception of hypo-
glycemic episodes.

5. Discussion

The study performed in a large group of patients with type
2 diabetes mellitus proved that premixed insulin both ana-
logue and human are efficient and safe, and studied patients
were satisfied with the treatment method. It is important
for clinicians to implement prescribing decisions and patient
management based on well-designed studies according to
evidence-based medicine preferably randomized controlled
trials (RCT). Although the study is an observational one, it
is currently becoming apparent that data from observational
studies have become an increasingly important source of evi-
dence because they reflect the local standards of medical care
and have very simple inclusion/exclusion criteria although
they observe a heterogeneous population reflecting everyday
clinical setting [17, 18]. Because it was a noninterventional
study, insulin therapies were prescribed by diabetologists
according to a standard clinical practice and the data gave
an insight into the model of diabetes care in real-life setting
across Poland. We have focused on changing the treatment
paradigm from insulin analogue to a human one because
real-world data coming from everyday practice reveals that
it is not an exception that patient using analogue insulin is
switched to a human one. The potential reasons for the
decision-making may be the longer time of human insulin
action, which might be more suitable for patients eating
snacks, and lower insulin cost, which is especially important
for some groups of patients and as well as a country as a
whole. It can only be a matter of speculation what the reasons
were for the switch of insulin regimen in our study, but price
may be an important one since majority of the patients
treated with human insulin come from the rural areas and
were less educated than patients treated with analogue insu-
lin, so possibly they were people with lower incomes com-
pared to the ones who are better educated and live in a city.
While analyzing RCT, as well as observational studies, the
studies performed to date aimed to discover the efficiency
and safety of switching premixed insulin regimen from
human to analogue one, but not vice versa [19-21]. Our
real-word data proved that the two types of insulin regimens
human and analogue were comparable in terms of hypogly-
cemia occurrence, and the frequency of any hypoglycemic
episode was close to 6 episodes PPY, which is similar to the
rate observed in other RWD studies ranging from 1.04 to
27 episodes PPY as summarized lately by Elliott et al. [22].
The difficulty in accurate determination of the frequency of
hypoglycemic events is caused by differences in definitions
of hypoglycemia used across studies and methods of collec-
tion of data on hypoglycemia occurrence. The dose of insulin
was similar when compared to other real-world data (RWD)
study, for example, PRESENT [23], but higher when com-
pared to others like ASEAN [24] or IMPROVE [25]. In the
presented study, the insulin dose was significantly higher
among patients treated with human insulin compared to

the ones using insulin analogue; however, it affected neither
hypoglycemia rate nor BMI. In fact, body mass was reduced
significantly in both studied groups which may be explained
simply by participation in the study and willingness to obtain
better results. Maintaining, however, not reducing BMI is in
accordance with other observational study performed among
Polish cohort of patients treated with biphasic human insulin
[26]. Besides insulin therapy, patients were given support
related to behavioral treatment of the disease, which is of
extreme importance since it was proven in another large
cohort of Polish patients with type 2 diabetes that their
diet-related knowledge is insufficient and their physical activ-
ities are very low [27]. Both premixed insulin analogues and
premixed human regimens were significantly effective in
terms of HbAlc reduction; however, patients treated with
insulin analogue obtained significantly better results in terms
of reduction of both FPG, PPG, and HbAlc values. Higher
reduction in FPG and PPG but not HbAlc observed in our
study is in accordance with the other studies [28-30]. As
proven in previously performed study by Roach et al, a
reduction in HbAlc value was comparable among patients
using premixed human or analogue insulin [31]. It is difficult
to explain the nature of this phenomenon since patients
remained on the same insulin regimen; however, it may be
caused by intensification of current treatment and due to par-
ticipation in the study by higher motivation to gain a better
blood glucose control. Both studied groups were similarly
satisfied with the insulin treatment measured with DTSQ.
To our best knowledge, there are no studies that compare
the treatment satisfaction among people switched from pre-
mixed analogue to premixed human insulin, but those per-
formed on people switched from human to analogue
indicate that the treatment modalities have a comparable
treatment quality [19].

There are several limitations of the study that have to be
addressed. First of all, the observational character of the
study and lack of placebo group limit the evaluation of the
effectiveness of the studied drugs because one cannot con-
clude that observed decrease of HbAlc was caused by insulin
or simply by inclusion in the study. There was no informa-
tion gathered regarding the reason why insulin was switched
although possessing the information could bring a new light
into an insulin treatment decision-making in a real-life clin-
ical practice setting. Additionally, a diagnosis of hypoglyce-
mia was solely dependent on the patients” ability to recall
the event; hence, it could be regarded as biased. Despite lim-
itations mentioned above, the data is clinically relevant
because it provides data relating to a heterogeneous real-life
local setting and proves that in an everyday practice it is
not an exception that an analogue insulin is switched to a
human one and that the changed regimen has proven to be
effective and safe, and patients have been satisfied with it.

6. Conclusion

This observational study proved that changing treatment
option from premixed analogue insulin to human one is a
popular option in Poland, that insulin both analogue and
human are efficient and safe, and that patients are satisfied



with the treatment. Observational studies are important
for clinicians because they are conducted in a real-world
environment and provide valuable data regarding the use
of a drug in a clinical practice not under the strict super-
vision of RCT. Because diabetes mellitus is a lifelong
course disease, the choice of treatment method should take
into account a number of aspects, among which are medica-
tion efficacy, safety, and patient satisfaction, and cost is of
major importance.
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