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ABSTRACT

Background The high prevalence of type 2 diabe-

tes mellitus (T2DM) in the Philippines has burdened
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the health care system. Therefore, we compared the
standard of care Insulin 30/70 + Insulin Glulisine
(Arm B) to a traditional insulin regimen NPH Insulin
+ Regular Insulin (Arm A) to test the concept that
both insulin regimens provide comparable effective-
ness and safety in real-world practice.

Methods This is a ‘proof-of-concept,” prospective,
randomized, open label pragmatic study of 40
consecutive Filipino T2DM patients from October
2015 to June 2016. The primary endpoint was a
reduction in HbAlc at 12 weeks. The secondary
endpoints were changes in Fasting Plasma Glucose

(FPG), Post Prandial Glucose (PPG), Capillary Blood
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Sugar (CBS), weight and insulin dose at 12 weeks.
ANCOVA and Fisher’s exact tests were used.
Results Patients in treatment arm A showed com-
parable glycemic control to arm B as measured by
reductions in HbA1c (2.89% vs. 2.67%; P = 0.657),
FPG (65.94 vs. 46.71 mg/dl; P = 0.57), PPG (76.49
vs. 86.96 mg/dl; P = 0.271) and CBS (115.15 vs.
145.95 mg/dl; P = 0.420). Both treatment arms re-
ported similar weight gain (1.92 vs. 1.22 kg), expe-
rienced similar incidence of hypoglycemia (7 vs. 6
patients) and adverse events (AE) (8 vs. 8 patients).
Conclusion The traditional combination of NPH
Insulin + Regular Insulin offers comparable glyce-
mic control and tolerance as the standard of care
without any new safety signals in the Filipino T2DM
population. With a lower price, it can be one of the
strategies to reduce the financial burden of antidia-
betic treatment.

Keywords Insulin Glulisine, NPH Insulin, Regular
Insulin, Type 2 Diabetes Mellitus, Filipino population

INTRODUCTION

The burden of Diabetes in the Philippines

Diabetes exerts a major health impact in develop-
ing Asian countries, particularly in the Philippines.
According to the World Health Organization
(WHO), the region is expected to have one of the
highest numbers of newly diagnosed diabetes pa-
tients by 2025 [1]. This shift in burden is associated
with lacunae in the delivery of care, where more
than half of the people with diabetes are not be-
ing adequately controlled [2]. Besides imposing a
health burden, diabetes is also a financial burden
for the Philippines with cost estimates in 2007 being
US$320 million, which is expected to increase to
US$1.1 billion by 2025 [3]. Given these alarming
trends in diabetes epidemiology in the Philippines,
the healthcare system has a challenge to optimally
manage the condition with economically favorable
interventions.

Need Gap in Insulin Regimens in the Philip-
pines

The reported approach to initiating insulin therapy
in the Philippines is the use of a premixed insulin and
mealtime short-acting insulin analog. Premixed insu-
lin eliminates the need for manual mixing, reducing

dosing errors with the potential to reduce the number
of daily injections. However, the fixed ratio of ba-
salto-prandial insulin in premixed formulations limits
the ability to adjust the basal and prandial insulin
doses separately, thus restricting flexibility in diet
and lifestyle. Numerous observational studies have
demonstrated that improved control of postprandial
glucose is statistically associated with significantly
decreased risk of macrovascular and microvascu-
lar complications of diabetes [4-7]. In our view, it
is possible to mimic physiologic insulin replacement
through a provision of both basal and prandial insu-
lin administration with each meal separately and in
a timely fashion. This adds to the patients’ ability to
control their glycemic profile throughout the day, by
dosing insulin at each meal and modifying it based
on anticipated food intake or physical activity, lead-
ing to more effective management of mealtime gly-
cemia. However, premixed insulin therapy requires
high motivation and comprehensive training to the
patient as well as prescriber.

Search for an Effective and Economical Alter-
native Insulin Regimen

The current economic scenario imposes an ongoing
tryst of finding an economically viable alternative
insulin regimen without compromising efficacy. With
the advent of newer types of insulin, studies have
investigated the best way to combine insulin thera-
py [8-10]. Basal-bolus insulin regimen consisting of
basal and prandial insulin administered as separate
multiple daily insulin injections is generally consid-
ered the “ideal” for physiologic insulin management
[11]. There is a need for comparing premixed insu-
lin regimen with a combination of basal insulin with
prandial short-acting insulin in terms of glycemic
control, considering the cost of different regimens,
particularly for a country like the Philippines.

The present study compared the glycemic control
associated with Recombinant Human Insulin 30/70
+ Insulin Glulisine compared to NPH Insulin + Hu-
man Insulin Regular in the Filipino population using
a pragmatic ‘treatto-target’ study design. To the best
of our knowledge, there are no such published head-
to-head studies from real-world clinical practice set-
tings comparing the former - the standard of care in
the Philippines with the latter - an economical option,
which we hypothesized in our study to be compara-

ble.
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METHODOLOGY

Study Design

This was a ‘proof-of-concept’, pragmatic, ‘treatto-
target’ comparative study. The design of study was a
prospective, randomized, open label, single-center,
12-week study. We compared the efficacy and safe-
ty of Recombinant Human Insulin 30/70 + Insulin
Glulisine to Recombinant Human NPH Insulin +
Human Insulin Regular in 40 consecutive insu-
lin-naive Filipino participants (randomized as 20 in
each arm) with T2DM inadequately controlled with
oral antidiabetic drugs, who qualified for intensifi-
cation of treatment. The study was conducted from
October 2015 to June 2016.

The study was conducted in compliance with the
Declaration of Helsinki and the International Con-
ference on Harmonization Good Clinical Practice
Guidelines. The institutional review board reviewed
and approved the protocol before the start of the study
and written informed consent was obtained from all
patients before their participation in the study.

The primary endpoint was change in HbA1c level
from baseline to end of study (12 weeks of treatment).
The secondary endpoints were changes in Fasting
Plasma Glucose (FPG), Postprandial Plasma Glucose
(PPG) and insulin dose from baseline to 4 weeks and
12 weeks of treatment. Safety assessments included
a proportion of patients with hypoglycemia, change
in body weight, physical examination finding, any
local allergic reactions or systemic allergic reactions
or any other AE reported during the treatment.

Insulin Initiation and Titration

After an initial 2-week screening period, based on
the randomization schedule, patients were assigned
to treatment arm A [NPH Insulin and Regular Insulin
(NPH Insulin was administered two times a day and
Regular Insulin three times a day)] or arm B [Insulin
30/70 + Insulin glulisine (Insulin 30/70 was admin-
istered two times a day and Insulin Glulisine three
times a day)]. The study medication was continued
for 12 weeks. The change in the dose of insulin was
at the discretion of the investigator as per the center’s
clinical practice. All the subjects were advised for
automatic snacking in which the subjects take snacks
automatically two hours post-meal or postinjection
of insulin. The patients continued with their ongoing
metformin therapy. The clinical data management

team and study statisticians were kept blinded to
treatment allocation until the analysis of results.

HbA1c levels measurement was done by a central
laboratory. All the AEs were recorded in terms of fre-
quency and nature. Hypoglycemia was defined as
a report of one or more signs or symptoms typically
associated with hypoglycemia or plasma glucose
(PG) <70 mg/dl [12]. Severe hypoglycemia was de-
fined as any occurrence of neuroglycopenic symp-
toms requiring assistance from another person with
either a PG <50 mg/d| or prompt recovery after oral
carbohydrate, glucagon or intravenous glucose.
Nocturnal hypoglycemia was defined as any hypo-
glycemic event occurring at nighttime during sleep.

There were three minor protocol deviations ob-
served, which did not impact patient safety or data
credibility and were notified to the ethics committee.
One patient had to be discontinued from the study
but was included in the final analysis as the inten-
tionto-treat population.

Statistical Methods

Since the study was designed to provide ‘proof-of-
concept’, a minimum sample size of 20 patients in
each arm was arbitrarily decided by the investigator
rather than using statistical tools. All analyses were
performed on the intentionfotreat population who
had at least one postbaseline assessment by the de-
scriptive method. Demographic and other baseline
data were subjected to descriptive analysis. The pri-
mary outcome (change in HbA1c from baseline to 12
weeks) was analyzed using the analysis of covariance
(ANCOVA) model. The ANCOVA model included a
change in HbATc value as the dependent variable,
treatment group as the factor and the baseline HbATc
value as the covariate. The hypothesis testing was
performed at 5% Limit of Significance (LOS). Other
continuous variables (FPG and PPG) were analyzed
similarly using the ANCOVA model with correspond-
ing baseline values as a covariate. The hypoglycemic
rate was analyzed with a negative binomial model.
The proportion of subjects with hypoglycemia and
other drug-related AEs were compared between the
two treatment groups using the Fisher’s exact test.

RESULTS

A total of 20 patients were enrolled in each arm
from October 2015 to June 2016, as a sample rep-
resentative of the Filipino population. Table 1 shows
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Table 1. Baseline demographics

Parameter Treatment Arm A Treatment Arm B
Age (Mean + SD, Years) 53.25+12.17 56.00 £ 10.70
Gender

Male [n(%)] 6 (30%) 8 (40%)

Female [n(%)] 14 (70%) 12 (60%)
Weight (Mean = SD, kg) 69.75+11.95 61.88 +9.32
BMI 27.92 + 4.57 24.53 £ 4.17
HbA, . (%) 11.10 10.99

Insulin-native Filipino participants
with T2DM inadequately controlled
with oral anti-diabetic drugs
(n =40)

<+

Randomization
(2 weeks screening period)

Treatment Arm A:

NPH Insulin + Human
Regular Insulin
(n=20)

Treatment Arm B:

Recombinant Human Insulin
70/30 + Insulin Glulisine
(n=20)

12 weeks treatment period

L

Data collection and Analysis

L

RESULTS

Primary endpoint:

Secondary endpoints:
1. Change in fasting blood glucose
2. Change in post prandial glucose

Change in HbA1c level from baseline

3. Change on insulin dose from baseline

Figure 1. Flow chart of the recruitment process
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Figure 2. The mean reduction in HbAlc values from baseline to visit 4 (after 12 weeks), was similar in insulin regimen NPH
Insulin + Regular Insulin (Arm A) compared to Insulin 30/70 + Insulin Glulisine (Arm B)

the demographic parameters. At baseline, both the
treatment groups were well-matched.

Primary Endpoint

Primary endpoint was the mean reduction in HbATc
values from baseline to 12 weeks. Significant reduc-
tions in HbA1c values were observed in both treat-
ment arms from baseline to 12 weeks of treatment
without any statistical difference between both arms
(from 11.1 £ 1.28% to 8.2 £ 1.25% in treatment
arm Avs. 10.99 % 1.41% to 8.32 £ 1.32% in treat-
ment arm B, P = 0.657), as seen in Figure 2.

Secondary Endpoints

FPG, PPG and CBS values also showed large reduc-
tions from baseline at 4 weeks (visit 3) and 12 weeks
(visit 4) in both treatment arms, as shown in Figure 3.
However, there was no statistical difference between
the two arms in terms of size of reductions (FPG:
83.65 mg/dl vs. 39.89 mg/dl, P = 0.065 at visit
3; 65.94 mg/dl vs. 46.71 mg/dl, P = 0.57 at visit
4; PPG: 99.37 mg/dl vs. 65.75 mg/dl, P = 0.306
at visit 3; 76.49 mg/dl vs. 86.96 mg/d|, P = 0.271

at visit 4; CBS: 122.1 mg/dl vs. 127.2 mg/dl,
P=0.815atvisit3; 115.15mg/dlvs. 145.95mg/dl,
P = 0.420 at visit 4; for treatment arm A and B,
respectively).

In treatment arm A, the mean basal insulin dose
remained almost the same with a slight decrease in
mealtime bolus insulin dose over 12 weeks of treat-
ment, indicating possibly better control of mealtime
glycemia. Whereas in treatment arm B, the mean
basal insulin dose showed a slight decline with mar-
ginal increase in mealtime bolus insulin dose over
12 weeks of treatment indicating possibly improved
control of basal glycemia, as shown in Table 2.
Both treatment arms reported a gain in body weights
with slightly higher weight gain in treatment arm A,
as shown in Table 3.

Safety Outcomes

Forty percent of the subjects in both the treatment
groups experienced AE as shown in Table 4. Thirty-
five percent subjects in treatment group A and 30% in
treatment group B experienced hypoglycemia. None
of the patients experienced any serious AE and both
treatments were well tolerated by the subjects.
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Figure 3. The average change in FPG, PPG and CBS values from baseline to visit 3 and 4 (12 weeks) was similar in insulin
regimen NPH Insulin + Regular Insulin (Arm A) compared to Insulin 30/70 + Insulin Glulisine (Arm B). (Abbreviations FPG: Fast
ing Plasma Glucose, PPG: Post Prandial Glucose, CBS: Capillary Blood Sugar)

Table 2. Change in insulin dose

Treatment Dose of Insulin

Change in Insulin Dose

Mean SD Median Min Max
Arm A NPH Insulin 0.00 4.30 0.00 -8.00 8.00
Regular Insulin -1.00 6.24 0.00 -12.00 14.00
Arm B Insulin 30/70 -0.45 5.01 0.00 -8.00 14.00
Insulin Glulisine 0.90 5.37 0.00 -6.00 14.00
Table 3. Change in weight in both treatment groups
Treatment Change n Mean sb Median CV Min Max
Arm A Visit 2-Visit 1 20 0.19 0.84 0.00 444.60 -1.00 3.00
Visit 3-Visit 1 20 0.73 2.51 1.00 343.69 -4.00 4.50
Visit 4-Visit 1 20 1.92 2.20 1.75 114.72 -2.00 6.00
Arm B Visit 2-Visit 1 20 -0.02 1.15 0.00 -7687.69  -4.00 3.00
Visit 3-Visit 1 20 0.69 2.84 1.00 411.64 -6.50 6.50
Visit 4-Visit 1 20 1.22 3.50 1.50 286.62 -6.50 7.00
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Table 4. Adverse effects

Treatment No. of subjects No. of
experiencing AE patients with
hypoglycemia
Arm A (n = 20) 8 (40.00%) 7 (35.00%)
Arm B (n = 20) 8 (40.00%) 6 (30.00%)

Mild hypoglycemia was the most frequently re-
ported AE in both groups. There was no case of
nocturnal or severe hypoglycemia reported.

DISCUSSION

Considerations While Prescribing Insulin

Diabetes has a lifelong course and it is imperative
that treatment strategies take insulin efficacy, safe-
ty, and economics into consideration. The various
insulin analogs and premixed insulin have gained
importance over the past decade since they offer
advantages over the traditional preparations in
terms of glycemic variability, frequency of injections,
patient satisfaction and life expectancy [13,14].
But the cost of insulin analogs is a major problem
for many patients. For instance, Palmer et al. [15]
have shown that switching from traditional prepo-
rations to biphasic insulin Aspart 30 would result
in an additional $9000 of lifetime direct medical
costs. This calls for a relook into efficacy and safety
of well-established traditional preparations from the
health-economic standpoint.

Primary Endpoint

This is a ‘proof-of-concept’ study investigating the
safety and efficacy of Insulin NPH + Regular Insulin in
Filipino T2DM patients. The widely prescribed stand-
ard of care insulin 30/70 + Insulin Glulisine served
as the reference treatment. This approach was used
to achieve and maintain the best possible glycemic
control throughout the study period of 3 months.
After 12 weeks, mean HbA,_was around 8.2% in
Insulin 70/30 + Insulin Glulisine arm and 8.32%
with Insulin NPH + Regular Insulin arm, respective-
ly (P = 0.657), reflecting fairly good control even
it recommended levels of HbA,_ <7.0% [16] were
not achieved. The values pertaining to ‘change in
HbA, ' did not differ significantly at 5% LOS, which

implicates that a similar efficacy could be achieved

at a lower cost. This also reflects the fact that optimal
glycemic control of HbA,_ <7.0% is very difficult to
attain in a short time of 12 weeks, especially when
the baseline values are high. Optimum utilization of
NPH Insulin + Regular Insulin will be achieved as
clinicians regain confidence in the traditional prepa-
rations with experience and become less afraid of
hypoglycemia.

The importance of stringent glycemic control in
impacting long-term metabolic complications cannot
be underestimated. Weng et al. [17] evaluated the
role of early intensive insulin therapy in 382 new-
ly diagnosed type 2 diabetes Chinese patients in
a multicenter, randomized, parallel-group trial. They
concluded that early intensive insulin therapy to
achieve glycemic targets has favorable outcomes
on recovery and maintenance of B-cell function and
protracted glycemic remission compared to treat-
ment with oral hypoglycemic agents. It resulted in
high remission rates of approximately 50% (defined
by maintained optimal glycemic control for at least
12 months without medication) and improvements
in B-cell function, as well as quicker achievement of
glycemic control compared with OADs. Similarly,
Chen et al. [18] established in a prospective study
that newly diagnosed T2DM patients with severe
hyperglycemia who were hospitalized and treat-
ed with intensive insulin injections for 10-14 days,
could more effectively achieve adequate glycemic
control and significant improvement of beta-cell func-
tion in new-onset type 2 diabetic patients with severe
hyperglycemia after a 6-month course of insulin ther-
apy compared with OAD treatment. Similarly, many
other studies have elucidated the long-term benefits
of stringent HbA ¢ control, in terms of restoration of
firstphase insulin response, B-cell function and plas-
ma lipid profiles [19-22]. These parameters amount
to realization of economic savings both from a short-
term (by utilizing a lower cost insulin) and long-term
(by reducing the economic burden of complications)
perspective.

SECONDARY ENDPOINTS

We found FPG reduction of 46.71 mg/dl, with a
low frequency of hypoglycemic episodes over treat-
ment duration of 12 weeks. The PPG and CBS val-
ves showed a similar decline in both groups and
the difference was not statistically significant. These
results are in agreement with previous randomized
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controlled trial results suggesting that the comple-
mentary action of long-acting insulin and prandial
insulin treatment strategies on background metform-
in therapy is both effective and well tolerated in that
it is associated with a low rate of hypoglycemia and
comes without much weight gain. Our results are
similar to Davidson J A et al. [23] who compared
the effect of NPH Insulin with regular insulin to NPH
Insulin alone in 90 patients. They observed that in
the ‘NPH Insulin + Regular Insulin’ arm, the magni-
tude of PPG excursion was reduced and fewer pa-
tients experienced hypoglycemic events.

Weight gain has an adverse impact on insulin
sensitivity, blood pressure and lipid levels and there-
by increases the risk of cardiovascular disease. It
may have a negative effect on patients’ self-percep-
tion and act as a barrier for optimizing insulin [24].
Further, weight gain is also an AE of insulin therapy
and is inversely correlated with a reduction in HbA, _
[25]. Therefore, it is important to control the body
weight associated with long-term insulin therapy.
In our study, patients in both arms showed similar
weight gain.

Safety

ComplyingbytheU.S.Foodand Drug Administration’s
regulatory guidance, this treatto-target study yielded
similar HbA, _values at 12 weeks, which enabled di-
rect safety comparisons [26]. When initiating basal
insulin and add-on prandial insulin, one of the major
concerns of both, patients and clinicians is hypo-
glycemia [27,28]. The barriers for physicians and
patients regarding initiating insulin are lowered due
to the reduced risk of hypoglycemia [29]. It is the
most important finding of our study that NPH Insulin
plus Regular Insulin offers similar glycemic control as
Premixed Insulin 70/30 with Insulin Glulisine with
low risk of hypoglycemia. Overall, both insulin regi-
mens were well tolerated and no new safety signals
were observed in Filipino T2DM patients.

Economic Consideration

Diabetes has a significant economic impact on health
care systems [30,31]. Considering the growing bur-
den to diabetes, cost optimization strategies are
warranted including the traditional yet economical
preparations like Regular Insulin and NPH Insulin.
We know that insulin analogs and premixed insu-
lin are relatively more expensive to the payer, but
this study proves that using the economic alternative
Insulin NPH + Regular Insulin may be able to achieve
similar efficacy and reduce treatment expenditures
without increasing the hypoglycemia-related costs.

Study Limitations

The open-label study design of this study is a draw-
back. It is possible that a greater caution in the ad-
justment of doses might have been exercised in the
comparator arm. Our study reported a mean HbA, _
of 11.1% and 10.9% at baseline. The HbA,_ at
baseline was high, due to which the relative con-
tribution of FPG versus PPG to HbA, may be in-
creased, thereby favoring insulin’s action. Most of
the other studies evaluating the efficacy of insulin
have 52 weeks duration and the 1-week duration of
our study is a limitation. It is possible that the shorter
duration of 12 weeks may have led to an underes-
timation of the potential benefits of Insulin NPH +
Regular Insulin. Lastly, the small sample size reduced
the power of statistical comparisons.

CONCLUSION

Our study results indicate that when compared to
Insulin 30/70 + Insulin Glulisine, Insulin NPH + Insulin
Regular provides comparable efficacy with similar
safety. Further, the study observed no new safety sig-
nals in the Filipino population. Hence, the study pro-
poses a concept that Insulin NPH + Insulin Regular can
be an economical alternative to costly premixed insulin
or insulin analogs in patients requiring insulin therapy.
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