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ABSTRACT 
Objective: To compare the effects of the neutral protamine Hagedorn (NPH) recombinant human in-
sulin formulations Gansulin and Humulin N® on the glycemic control of patients with type 2 diabetes 
mellitus (T2DM). Subjects and methods: Prospective, double-blind, randomized, parallel, single-
center study of 37 individuals with T2DM treated with NPH insulin formulations. The Tukey-Kramer 
test for multiple comparisons, the Wilcoxon paired comparison test and the Chi-Square test were 
used for the statistical analyses. The significance level was set at 5% (p < 0.05). Results: The NPH 
insulin formulations Humulin and Gansulin similarly reduced the HbA1c levels observed at the end 
of the study compared with the values obtained at the beginning of the study. In the Humulin group, 
the initial HbA1c value of 7.91% was reduced to 6.56% (p < 0.001), whereas in the Gansulin group, 
the reduction was from 8.18% to 6.65% (p < 0.001). At the end of the study, there was no significant 
difference between the levels ​​of glycated hemoglobin (p = 0.2410), fasting plasma glucose (FG; p = 
0.9257) and bedtime plasma glucose (BG; p = 0.3906) between the two insulin formulations. There 
was no nt difference in the number of hypoglycemic events between the two insulin formulations, 
and no severe hyp episodes were recorded. Conclusion: This study demonstrated similar glycemic 
control by NPH insulin Gansulin compared with human insulin Humulin N® in patients with T2DM. 
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INTRODUCTION

P rojections by the World Health Organization 
(WHO) indicate that the prevalence of diabetes 

worldwide will exceed 300 million in 12 years and that 
developing countries will contribute significantly to 
these numbers (1,2). Diabetes mellitus (DM) exerts 
a high economic burden on both  individuals  and  so­
ciety. Such costs are associated not only with disease 
treatment and complications but also with expenses 
involving sick leave, absenteeism and early retirement 
(3). The costs incurred by patients with diabetes are up 
to three times higher than the costs incurred by indivi­
duals not affected by this disease, constituting a chal­
lenge for public health agencies (4,5).

A prospective and comparative drug therapy 
follow-up study of patients with type 2 diabetes melli­
tus  (T2DM) conducted in community health centers 
demonstrated that a 1% reduction in HbA1c levels can 

be implemented with an mean annual investment of R$ 
456.05 per patient, which includes medications and 
glucose monitoring reagent strips (6). This informa­
tion indicates that T2DM treatment represents a high 
economic burden for government expenditure and that 
measures to reduce these expenses are necessary.

The use of neutral protamine Hagedorn (NPH) in­
sulin contributes significantly to glycemic control (7,8). 
Assunção and cols. found that 41% of patients were not 
using the recommended dose of oral antidiabetic drugs, 
which likely led them to require insulin therapy earlier 
(9). Compared with the insulin analogs glargine and 
detemir, which are more expensive, NPH insulin has a 
similar efficacy; however, more nocturnal hypoglycemic 
events are observed with its use (7,10-12).

 Currently, NPH insulin is produced by only two 
pharmaceutical companies, one American and one 
Danish, which produce the insulin formulations Hu­
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mulin N and Novolin N, respectively. Two other com­
panies have a small participation in this lucrative health­
care market: Indar (Ukraine) and Dongbao (China). 
Until 2002, Brazil was part of this select group of 
insulin-producing countries, represented by Biobras, 
which was responsible for 80% of the insulin sales in 
the country. Biobras was sold to a Danish multinational 
and ceased the local production of the hormone, leav­
ing Brazil dependent on imported insulin.

 There are only two companies in the Brazilian 
pharmaceutical market that produce recombinant hu­
man NPH insulin, which then limits the price reduc­
tion in the competitive bidding process for the pur­
chase of insulin by the Brazilian Ministry of Health. 
The availability of other types of NPH insulin in the 
national drug market could in theory make it accessible 
through reduced prices to the private and public health 
care systems.

Thus, the aim of this study was to compare the 
glycemic-controlling effects of a new human recom­
binant NPH insulin produced in China (Gansulin N) 
with an insulin that has been available in the Brazilian 
pharmaceutical market for decades (Humulin N). 

SUBJECTS AND METHODS

This prospective, double-blind, randomized, parallel, 
single-center study was approved by the Human and 
Animal Research Ethics Committee of Goiania General 
Hospital (Hospital Geral de Goiânia). Forty patients of 
both genders (9 females and 11 males for the rando­
mized Humulin group; 10 females and 10 males for 
the randomized Gansulin group), aged 18 to 60 years 
and diagnosed with T2DM for over a year, according to 
the criteria of the Brazilian Diabetes Society (Sociedade 
Brasileira de Diabetes), were included in the study. The 
inclusion criteria for the study were the use of NPH 
insulin for more than 12 months, a body mass index 
(BMI) between 20 and 35 kg/m2 and glycated hemo­
globin (HbA1c) levels between 7.5 and 10% at the time 
of selection. In addition, the patients had to agree to 
participate in the study and sign an informed consent 
form.

There were 18 consults during the clinical phase of 
the study, with one consult per week. The first three 
consults (first 3 weeks) corresponded to the phase of in­
sulin dose adjustment, or phase 1, and preceded the ran­
domization of patients. During this phase, the insulin 
doses were adjusted to achieve optimal glycemic control 

and homogeneity of the study population. The NPH in­
sulin Humulin N® manufactured by Eli Lilly and Com­
pany was administered to volunteers during phase 1.

A standard (step-by-step) relationship was not esta­
blished to adjust the insulin dose. The investigator (a 
physician) was free to adjust the insulin dose, aiming to 
achieve plasma glucose levels established by the protocol.

The doses of insulin were adjusted weekly by the 
investigator, taking into account the mean plasma glu­
cose  levels observed during the previous 3 days. The 
adjustment of the insulin dose administered at bedti­
me was based on the mean plasma glucose  levels ob­
tained before breakfast (fasting glucose, FG), aiming 
to achieve a plasma glucose level between 70 and 100 
mg/dL; the insulin dose administered before breakfast 
was based on the mean plasma glucose levels obtained 
at bedtime (bedtime glucose, BG), aiming to achieve a 
plasma glucose level between 70 and 120 mg/dL. For 
the double-blind study, drugs were placed in identical 
carton boxes so that neither physician nor volunteer 
could distinguish them. Only the statistician had access 
to the randomization list.

 On the fourth consult, the study population was 
randomly divided into two groups: one group remai­
ned under treatment with NPH insulin Humulin N 
(Group 1 or Reference), and the other group had their 
insulin replaced by Gansulin N immediately after phase 
1 (Group 2 or Test). Both the test and reference insulin 
formulations were administered once and/or twice dai­
ly (before breakfast and/or at bedtime) in combination 
with metformin at a minimum daily dose of 500 mg.

Plasma glucose concentrations were determined by 
the glucose dehydrogenase method, whereas HbA1c 
levels were measured by high performance liquid chro­
matography (HPLC). Creatinine levels were determi­
ned by the automated kinetic method, and C-peptide 
levels were measured by chemiluminescence.

Patients were instructed to perform self-monitoring 
of their capillary blood glucose levels at home whene­
ver they suspected hypoglycemia (capillary blood glu­
cose ≤ 70 mg/dL) and to treat the hypoglycemia.

The Tukey-Kramer test for multiple comparisons 
was used to analyze the general information of the 
groups for the factor insulin. The Wilcoxon paired 
comparison test was used to test the effect of the insulin 
formulations on the glucose profile, and the likelihood 
ratio Chi-square test was used to analyze hypoglycemic 
events. The significance level was set at 5% (p < 0.05). 
Three male patients, 2 from the Gansulin group and 1 
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from the control group, were excluded from the study 
at consults C13, C18 and C20 due to incorrect use of 
insulin and were not included in the statistical analyses.

RESULTS

Table 1 lists the main variables (plasma glucose and C-pep­
tide profile) of the 40 patients at the beginning of the stu­
dy. The patients presented inadequate mean plasma glu­
cose levels (FG: 150.03 ± 67.96 mg.dL-1, BG: 192.60 ± 
66.59 mg.dL-1, HbA1c: 8.92 ± 0.84%) and serum C-pep­
tide levels below the normal range (1.39 ± 1.12 ng.mL-1), 
which characterize pancreatic beta cell failure.

Data from the descriptive analysis of the demo­
graphic characteristics obtained at consult C7 before 
randomization, after treatment with NPH insulin to 
obtain adequate glycemic control and after homogeni­
zation of the group (phase 1) are presented in Table 2, 
discriminated by gender. The age of the population stu­
died ranged from 39 to 60 years (female: 52.9 ± 6.55 
years; male: 49.45 ± 6.30 years) with no participation 
of elderly individuals. The majority of patients were 
overweight, with females presenting BMIs ranging 
from 24.79 to 33.78 kg.m-2 (median: 27.16 kg.m-2 and 
mean: 28.34 ± 2.84 kg.m-2) and males presenting BMIs 
ranging from 20.02 to 34.68 kg.m-2 (median: 27 kg.m-2 

and mean: 27.7 ± 4.37 kg.m-2). The mean time living 
with a diabetes diagnosis was over 10 years (145 ± 
73.65 months for females and 130.20 ± 74.21 months 
for males); for glycemic control, females presented the 
following clinical parameters: HbA1c–8.14 ± 0.86%, 
FG–144.45 ± 61.24 mg.dL-1 and BG–96.75 ± 35.03 
mg.dL-1; and males presented the following clinical 
parameters: Hba1c–7.95 ± 0.63%, FG–93.20 ± 26.71 
mg.dL-1 and BG–131.5 ± 45.16 mg.dL-1. The mean 
and median​ C-peptide (CP) values were lower than 
the normal range in both females (mean: 1.05 ± 0.91 
ng.mL-1; median: 0.75 ng.mL-1) and males (mean: 0.92 
± 0.67 ng.mL-1; median: 0.80 ng.mL-1). Renal func­

tion was assessed by measuring serum creatinine, which 
was within the normal range for gender and age in all 
patients (females: maximum value: 1.11 mg.dL-1; mini­
mum value: 0.44 mg.dL-1; mean: 0.82 ± 0.19 mg.dL-1; 
median: 0.84 mg.dL-1 and males: maximum value: 1.27 
mg.dL-1; minimum value: 0.56 mg.dL-1; mean: 0.92 ± 
0.18 mg.dL-1; median: 0.89 mg.dL-1). The antidiabe­
tic drugs allowed at the beginning of the study were 
metformin at a mean dose of 1466.25 ± 608.51 mg 
for females and 1657.50 ± 583.38 mg for males and 
NPH insulin at a daily dose of 0.74 ± 0.27 IU.kg (insu­
lin units per kilogram of body weight) for females and 
0.63 ± 0.19 IU.kg for males.

The comparison between the main variables (HbA1c, 
FG and BG) obtained at the beginning (C3) and end 
(C7) of phase 1 (before randomization), during which 
the patients received NPH insulin Humulin aiming for 
better glycemic control, is displayed in Table 3. A signi­
ficant reduction (p < 0.01) in Hba1c (8.92 ± 0.84% vs. 
8.04 ± 0.75%), FG (150.03 ± 67.96 mg.dL-1 vs. 94.98 
± 30.80 mg.dL-1), BG (192.60 ± 66.59 mg.dL-1 vs. 
137.8 ± 53.54 mg.dL-1) and C-peptide (1.39 ± 1.12 
ng.mL-1 vs. 0.99 ± 0.74 ng.mL-1) were observed.

Table 4 presents the main descriptive characteris­
tics of the study population after randomization (C8). 
The comparison of the different variables between the 
Gansulin and Humulin groups revealed that the prima­
ry variables were similar between the groups (HbA1c: 
8.18 vs. 7.91%, p = 0.24; FG: 94.50 vs. 95.45 mg.dL-1, 
p = 0.92; BG: 130.35 vs. 145.25 mg.dL-1, p = 0.39), 
as were the secondary variables (BMI: 29.01 vs. 27.03 
kg.m-2, p = 0.09; C-peptide: 0.98 vs. 1.00 ng.mL-1,  
p = 0.94; creatinine: 0.83 vs. 0.92 mg.dL-1, p = 0.11; 
insulin dose: 0.75 vs. 0.62 IU.kg-1, p = 0.07; metformin 
dose: 1636 vs. 1487 mg, p = 0.44; time living with the 
diabetes diagnosis: 138 vs. 137.4 months, p = 0.98), 
except for the variable age, for which the individuals 
from the Gansulin group were significantly younger 
(48.7 vs. 53.65 years, p = 0.01).

Table 1. Mean, median and standard deviation of the main variables at the beginning of the study (C3)

Factor N Mean Median SD Min Max

C3

FG (mg.dL-1) 40 150.03 137.50 67.96 45.00 341.00

BG (mg.dL-1) 40  192.60 201.00  66.59 72.00 332.00

HbA1c (%) 40 8.92 9.10 0.84 7.5 7.50

C-peptide (ng.mL-1) 40 1.39 1.15 1.12 0.10 4.20

 BG: bedtime glucose; FG: fasting glucose; SD: standard deviation – Wilcoxon Test.
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Table 2. Descriptive analysis of the demographic characteristics by gender in each variable evaluated at the end of phase 1 (C7, pre-randomization)

Females

Variable Mean Median Standard deviation

Age (years) 52.90 54.50 6.55

Weight (kg) 71.23 70.10 7.11

Height (m) 1.59 1.60 0.05

BMI (kg.m-2) 28.34 27.16 2.84

Time living with the diabetes diagnosis (months) 145.20 138.00 73.65

BG (mg.mL-1) 144.45 142.50 61.24

FG (mg.mL-1) 96.75 88.50 35.03

HbA1c (%) 8.14 8.15 0.86

C-peptide (ng.mL-1) 1.05 0.75 0.91

Creatinine (mg.dL-1) 0.82 0.84 0.19

NPH dose (IU.kg-1) 0.74 0.74 0.27

Metformin (mg) 1466.25 1700.00 608.51

Males

Variable Mean Median Standard deviation

Age (years) 49.45 51 6.30

Weight (kg) 79.74 74.05 15.69

Height (m) 1.69 1.69 0.06

BMI (kg.m-2) 27.70 27.00 4.37

Time living with the diabetes diagnosis (months) 130.20 108.00 74.21

BG (mg.mL-1) 131.15 116.50 45.16

FG (mg.mL-1) 93.20 92.00 26.71

HbA1c (%) 7.95 7.85 0.63

C-peptide (ng.mL-1) 0.92 0.80 0.67

Creatinine (mg.dL-1) 0.92 0.89 0.18

NPH dose (IU.kg-1) 0.63 0.61 0.19

Metformin (mg) 1657.50 1700.00 583.38

Table 3. Comparison of the glycemic profile of the general group before and 
after the consults in phase 1 (run in); C3 vs. C7

Consults
p

 C3  C7 

HbA1c (%)  8.92 (± 0.84)  8.04 (± 0.75) < 0.01

FG (mg/dL) 150.0 (± 67.96)  95 (± 30.80) < 0.01

BG (mg/dL)  192.6 (± 66.6) 137.8 (± 53.54) < 0.01

C-peptide (ng/mL)  1.39 (± 1.12) 0.99 (± 0.74) < 0.01

BG: bedtime glucose; SD: standard deviation – Wilcoxon Test; FG: fasting glucose.

Table 5 demonstrates that both insulin formulations 
were effective at reducing HbA1c levels (Humulin: 
7.91 vs. 6.56%, p = 0.001; Gansulin: 8.18 vs. 6.65%,  
p = 0.001) but without significant changes in FG levels 
(Humulin: 95.45 vs. 85.63 mg.dL-1, p = 0.456; Gan­
sulin: 94.50 vs. 110.29 mg.dL-1, p = 0.147) and BG 

levels (Humulin: 145.25 vs. 120.02 mg.dL-1, p = 0.195; 
Gansulin: 130.35 vs. 117.47 mg.dL-1, p = 0.422).

As shown in Table 6, at the end of the study (end 
point), there was no significant difference in the pri­
mary variables between the Gansulin and Humulin 
groups: HbA1c (6.65 vs. 6.56% p = 0.65), FG (110.29 
vs. 85.63 mg.dL-1, p = 0.12), and BG (117.47 vs. 
120.02 mg.dL-1, p = 0.87), respectively. Similarly, there 
were no significant difference in the secondary varia­
bles between the groups: BMI (28.01 vs. 27.89 kg.m-2,  
p = 0.60), C-peptide (1.54 vs. 1.01 ng.mL-1, p = 0.13), 
creatinine (0.85 vs. 0.83 mg.dL-1, p = 0.60), and in­
sulin dose (0.74 vs. 0.68 IU.kg-1, p = 0.38), with the 
exception of metformin, with the Gansulin group re­
quiring larger doses of this drug (1787 vs. 1487 mg,  
p = 0.029).
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Table 4. Comparison of the different variables between the two insulin groups, obtained after phase 1 (run in) (C8) 

Insulin HbA1c (%) FG (mg.mL-1) BG (mg.mL-1) Age (years) Weight (kg) Height (m)

Gansulin 8.18 94.50 130.35 48.70 78.06 1.64

Humulin 7.91 95.45 145.25 53.65 72.90 1.64

p 0.2410 0.9257 0.3906 0.0128 0.1876 0.9310

Insulin BMI (kg.m-2) C-peptide (ng.mL-1) Creatinine (mg.dL-1) Insulin 
Dose (IU.kg-1) Metformin (mg)

Time living with 
the diabetes 
diagnosis 
(months)

Gansulin 29.01 0.98 0.83 0.75 1636.25 138.00

Humulin 27.03 1.00 0.92 0.62 1487.50 137.40

p 0.0921 0.9444 0.1163 0.0695 0.4418 0.9796

HbA1c (%); FG: fasting glucose (mg.mL-1); BG: bedtime glucose (mg.mL-1); weight (kg); BMI (kg.m-2); C-peptide (ng.mL-1); creatinine (mg.dL-1); insulin dose (IU.kg-1); metformin (mg). 
Test: Tukey-Kramer, using the means adjusted by the least squares method.

Table 5. Comparison of the glucose profiles obtained with the two insulin 
formulations between the first consult after randomization (C8) and the 
final consult (C21)

Glycemic profile  C8 C21 p

Humulin

 FG 95.45 85.63 0.456

 HbA1c 7.91 6.56 0.001

 BG 145.25 120.02 0.191

Gansulin

 FG 94.50 110.29 0.147

 HbA1c 8.18 6.65 0.001

 BG 130.35 117.47 0.422

BG: bedtime glucose; FG: fasting glucose; Wilcoxon Test.

Table 6. Comparison of means (end point) adjusted by the least squares method after an analysis of covariance with a baseline correction for the different 
variables

Insulin
Means

HbA1c (%) FG (mg.mL-1) BG (mg.mL-1) Weight (kg) BMI (kg.m-2)

Gansulin 6.65 110.29 117.47 75.42 28.018

Humulin 6.56 85.63 120.02 75.24 27.89

p 0.6536 0.1207 0.8734 0.7576 0.6056

Insulin C-peptide (ng.mL-1) Creatinine (mg.dL-1) Insulin dose (IU.kg-1) Metformin (mg)

Gansulin 1.54 0.85 0.74 1787.26

Humulin 1.01 0.83 0.68 1486.80

p 0.1284 0.6051 0.3826 0.0298

HbA1c (%); FG: fasting glucose (mg.mL-1); BG: bedtime glucose (mg.mL-1); weight (kg), BMI (kg.m-2), C-peptide (ng.mL-1); creatinine (mg.dL-1); insulin dose (IU.kg-1); metformin (mg).
Test: Tukey-Kramer, using the means adjusted by the least squares method. 

Sixty-six hypoglycemic events were observed during 
this study, with no significant difference between the 
two insulin formulations: 36 events were observed in 
the Gansulin group, and 30 events were observed in 
the Humulin group. No severe hypoglycemic episode 
was observed during the study.

DISCUSSION

To the best of our knowledge, this is the first randomi­
zed controlled trial comparing the efficacy and safety 
of a new brand of NPH insulin, Gansulin, which is not 
available in Brazil, with Humulin, which is an NPH in­
sulin that has been available in Brazil for decades. A 
Chinese study conducted by Quin and cols. (13) was 
the only study similar to ours that is available in the 
specialized medical literature. In that study, the authors 
compared the clinical efficacy, safety and cost between 
the insulin formulations Gansulin and glargine in 200 
patients with T2DM who were randomly divided into 
two groups of 100 patients and treated for three mon­
ths. The researchers found no significant difference in 
efficacy (HbA1c and FG) and safety (hypoglycemia), 
but the costs with glargine were significantly higher 
than those with Gansulin.

Our data demonstrate that after phase 1, in which all 
patients were treated with NPH insulin Humulin and 
then randomized into two groups, only the variable 
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age was significantly different (p = 0.012), which rai­
ses questions about the inclusion of patients with latent 
autoimmune diabetes in adults (LADA) in group 1; 
however, this possibility is unlikely because all patients 
included in the study were anti-GAD-negative (14,15). 
Another factor to be considered relative to the variable 
age is that older patients usually have decreased renal 
function, which can affect clinical kinetics and respon­
se. In addition, treatment adherence, ease of handling 
insulin and physical activity may also be affected by age 
and thereby may affect the results. We believe, howe­
ver, that these factors most likely did not affect our 
data because, although the groups were not matched 
for age, the study protocol excluded elderly patients (> 
60 years); therefore, an age-related reduction in renal 
function was unlikely. Additionally, serum creatinine le­
vels were similar in both groups. Furthermore, insulin 
vials were checked weekly to assess treatment adheren­
ce, and all patients systematically received instructions 
for both insulin administration and glucose monitoring 
by the nutritionist involved in the study, who received 
training in Diabetes Education by the Brazilian Society 
of Diabetes (Sociedade Brasileira de Diabetes – SBD) 
and the Juvenile Diabetes Association (Associação de 
Diabetes Juvenil – ADJ).

At the end of phase 1 of the study, there was alre­
ady a significant decrease in the levels ​​of glycated he­
moglobin, FG and BG without a significant difference 
between the two groups at the time of randomization 
(Tables 2 and 3), demonstrating the efficacy of this 
treatment phase in the homogenization of the groups. 
A significant reduction in serum C-peptide levels be­
tween consults 3 and 7 was observed, which possibly 
reflects decreased insulin resistance due to a reduction 
in glucose toxicity. The low levels of C-peptide in our 
population demonstrates the failure of pancreatic beta 
cells in patients living with a diabetes diagnosis for over 
10 years and confirms the concept that T2DM patients 
often require the use of exogenous insulin to achieve 
glycemic control (7,16). A study conducted by Hol­
man (17) demonstrated that a reduction in beta cell 
function begins between 10 and 12 years before the 
diabetes diagnosis, and no antidiabetic drug used du­
ring the study was able to prevent or slow the progres­
sion of this phenomenon. These data are similar to the 
data found by Bagust and Beale (18), which influenced 
the major international societies to introduce therapeu­
tic insulin regimens into their guidelines, as we did our 
study.

Starting at consult 7, both insulin formulations were 
able to maintain the reduction in glycated hemoglobin 
levels until their complete normalization, as shown in 
Table 5. At the end of the study (Table 6), both in­
sulin formulations were equally effective in achieving 
the glycemic control assessed by the primary variables 
(HbA1c, FG and BG), and similar results were obser­
ved for the secondary variables, except for the daily 
dose of metformin, with the Gansulin group requiring 
higher amounts of this drug. This finding would sug­
gest a greater potency of Humulin insulin; however, 
the insulin requirements were identical in both groups, 
which may call into question the clinical relevance of 
this finding. Another pertinent observation was the fact 
that although the mean body weight was not significan­
tly different between the two groups at both the initial 
(C3) and final (C21) consults, there was a weight re­
duction of 3.18 kg in the Gansulin group, while in the 
Humulin group, a gain of 2.32 kg was observed. Be­
cause the present investigation was a short-term study 
with weekly consults and nutritional orientation from 
a professional, these factors might have been impor­
tant motivational factors that could explain the weight 
loss; however, the discrepancy between the two groups 
might be partially explained by the higher dose of me­
tformin, which is known to promote weight loss, in the 
Gansulin group.

Our results are similar to those found by other 
groups for the glycemic control achieved with the in­
troduction of NPH insulin in hyperglycemic patients 
using oral antidiabetic drugs (7).

 Regarding safety, which was measured by the num­
ber and intensity of hypoglycemic events, no significant 
difference was observed between the two insulin for­
mulations.

The main limitations of our study were as follows: 
(1) the small number of patients analyzed and (2) the 
short time of the treatment. Therefore, we suggest that 
future studies should be performed involving larger 
numbers of patients treated for longer periods and in­
cluding an analysis of the cardiovascular safety and risk 
of malignant tumors.

The present study suggests similar efficacy profiles 
between the NPH insulin formulations Humulin and 
Gansulin in the treatment of patients with T2DM, whi­
ch therefore indicates the possibility of introducing a 
new commercial form of human NPH insulin in addi­
tion to the preparations already used in public and pri­
vate systems, with a possible reduction in costs.
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In conclusion, several randomized clinical trials have 
demonstrated the importance of proper glycemic con­
trol (HbA1c < 7.0%) in patients with T2DM to prevent 
the microvascular complications associated with this di­
sease. These and other clinical trials have also shown that 
the natural history of diabetes involves a progressive loss 
of beta cell function that consequently requires the use 
of multiple drugs to treat these patients, including insu­
lin. The high prevalence of type 2 diabetes mellitus in 
the Brazilian population, similar to what occurs in other 
nations, has burdened the budget of private and public 
health care systems, which often leads to inadequate tre­
atment and control. Therefore, the implementation of 
measures to reduce these costs without jeopardizing the 
quality of care for patients with diabetes is imperative. 
The availability of NPH insulin with an efficacy and safe­
ty similar to the gold standard but with a lower price can 
be one of the strategies to reduce financial costs.

Funding statement: this study received funding from the Pharma­
ceutical Sciences Institute.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 

REFERENCES
1.	 King H, Aubert RE, Herman WH. Global burden of diabetes, 1995-

2025: prevalence, numerical estimates, and projections. Diabetes 
Care. 1998;21(9):1414-31.

2.	 Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of 
diabetes. Estimates for the year 2000 and projections for 2030. 
Diabetes Care. 2004;27(5):1047-53.

3.	 Rosa RS, Schmidt MI. Diabetes mellitus: magnitude of hospital-
izations in the public healthcare network in Brazil, 1999-2001. Epi-
demiol Serv Saúde. 2008;17:131-4.

4.	 Rubin RJ, Altman WM, Mendelson DN. Health care expenditures 
for people with diabetes mellitus, 1992. J Clin Endocrinol Metab. 
1994;78(4):809A-809F.

5.	 American Diabetes Association. Economic costs of diabetes in 
the U.S. in 2012. Diabetes Care. 2013;36(4):1033-46.

6.	 Correr CJ, Pontarolo R, Wiens A, Rossignoli P, Melchiors AC, Ra-
dominski R, et al. Economic evaluation of pharmacotherapeutic 
follow-up in type 2 diabetes mellitus patients in community phar-
macies. Arq Bras Endocrinol Metab. 2009;53(7):825-33.

7.	 Nathan DM, Buse JB, Davidson MB, Ferrannini E, Holman RR, 
Sherwin R, et al. Medical management of hyperglycemia in type 
2 diabetes: a consensus algorithm for the initiation and adjust-
ment of therapy: a consensus statement of the American Diabe-
tes Association and the European Association for the Study of 
Diabetes. Diabetes Care. 2009;32(1):193-203.

8.	 Meneghini LF. Insulin therapy for type 2 diabetes. Endocrine. 
2013;43(3):529-34.

9.	 Assunção MC, Santos IS, Costa JS. Process assessment of health 
care: adequacy of the diabetes treatment in Pelotas, Southern 
Brazil. Cad Saúde Pública. 2002;18(1):205-11.

10.	 Duckworth W, Davis SN. Comparison of insulin glargine and NPH 
insulin in the treatment of type 2 diabetes: a review of clinical 
studies. J Diabetes Complications. 2007;21(3):196-204.

11.	 Riddle MC, Rosenstock J, Gerich J. The treat-to-target trial: 
randomized addition of glargine or human NPH insulin to oral 
therapy of type 2 diabetic patients. Diabetes Care. 2003;26(11): 
3080-6.

12.	 Horvath K, Jeitler K, Berghold A, Ebrahim SH, Gratzer TW, Plank J, 
et al. Long-acting insulin analogues versus NPH insulin (human 
isophane insulin) for type 2 diabetes mellitus. Cochrane Database 
Syst Rev. 2007;(2):CD005613.

13.	 Quin AJ, Chunley Z, Jiao LX. Efficiency and effectiveness of Gan 
Shuli compared with insulin glargine: a comparative study.  Jour-
nal of Nongken Medicine. 2012;34(02):121-3. 

14.	 Rosário PWS, Reis JS, Fagundes TA, Calsolari MR, Amin R, Silva 
SC, et al. Latent autoimmune diabetes in adults (LADA): useful-
ness of anti-GAD antibody titers and benefit of early insuliniza-
tion. Arq Bras Endocrinol Metab. 2007;51:52-8.

15.	 Maraschin JDF, Murussi N, Witter V, Silveiro SP. Diabetes mellitus 
classification. Arq Bras Cardiol. 2010;95(2):40-6.

16.	 U.K. Prospective Diabetes Study Group. UK prospective diabetes 
study 16. Overview of 6 years therapy of type 2 diabetes: a pro-
gressive disease. Diabetes. 1995;44(11):1249-58.

17.	 Holman RR. Assessing the potential for alpha-glucosidase 
inhibitors in prediabetes states. Diabetes Res Clin Pract. 
1998;40(Suppl):S21-5.

18.	 Bagust A, Beale S. Deteriorating beta-cell function in type 2 dia-
betes: a long-term model. QJM. 2003;96(4):281-8. 


