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Abstract

Insulin therapy is the primary therapy in the treatment of Type 1 Diabetes (T 1D) patients. And is an additional therapy
for patients with Type 2 Diabetes (T2D), which is combined with Non-insulin drugs in order to be more effective in
treatment [4]. Choosing the right type of insulin for each patient plays an important role in ensuring that the treatment is
highly effective, minimizing the side effects caused by the drug and bringing many economic benefits to the patients. In
order to compare the differences between two types of insulin currently available on the market, analogue insulin and
human insulin in the treatment of T1D and T2D, this study used literature review method to collect and analysis
information from documents, books, papers, researches conducted and published scientifically from 2010 to now with
content related to Diabetes mellitus (DM) and insulin preparations. Results: For T1D patients, rapid-acting insulin
analogues (RAIAs) were more effective in glycemic control and less hypoglycemic compared to regular insulin human
(RHI). The prevalence of hypoglycemia in T1D patients, who are treated with basal insulin analogue, is relatively lower
than medium-acting insulin (Neutral Protamine Hagedorn - NPH). In patients with T2D, the combination of basal
analogue insulin with oral agents increases the likelihood of achieving target blood glucose (HbA1C < 7%) and reduces
the rate of hypoglycemia higher than NPH insulin [5]. Despite the cost of treatment is higher than human insulin, but
analogue insulins are still recommended for treatment in T1D patients because of the effects and benefits it provides.
For some patients who have difficulty in the cost of treatment, the use of human insulin or mixed insulins also helps the
patient to achieve the glycemic goal.
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Tom tat

St dung insulin 1a liéu phap chinh trong diéu tri dbi véi cac bénh nhan Dai thao duong (BDTD) typ 1. Va la liu phap bd
sung d6i v6i bénh nhan BTD typ 2, duge két hop véi cac thuée Non - insulin nham mang lai hiéu qua cao hon trong
diéu trj [4]. Lua chon dang loai insulin cho tirng débi tugng bénh nhan dong vai trd quan trong dé dam bao viéc diéu tri
dat dugc hiéu qua cao, giam thiéu nhiing tac dung khong mong mubn do thudc va gop phan mang lai nhiéu loi ich vé
kinh té cho bénh nhan. V&i muyc tiéu so sanh sy khac nhau giira hai loai insulin dang c6 mit trén thi truong hién nay 1a
insulin analog va insulin human trong diéu tri PTD typ 1 va DTD typ 2, nghién ctru nay st dung phuong phap tong
quan tai li€u dé phén tich thong tin tir cac tai liu, sach, bdo, nghién ctru dugc thyc hién va cong bd khoa hoc tir nim
2010 dén nay c6 ndi dung lién quan dén bénh DTD va cac ché pham insulin. Két qua: Di véi cac bénh nhan DTD typ
1, céc insulin co tac dung nhanh ngin ciia analog (chat tuong tu insulin nguoi) mang lai hiéu qua cao hon trong viéc
kiém soat dudong huyét va it giy ha duong huyét hon khi so sanh véi insulin human (regular). Ty 1¢ ha duong huyét &
nhitng bénh nhan TP typ 1 diéu tri bang insulin nén analog twong ddi thap hon so véi insulin c6 tic dung trung binh
(Neutral Protamine Hagedorn - NPH). G bénh nhan DTD typ 2, viéc két hop insulin nén analog véi cac thue duong
ubng lam ting kha ning dat dugc dudng huyét muc tiéu (HbA1C < 7 %) va giam ty 1& ha dudng huyét cao hon so véi
insulin NPH [5]. Mic du chi phi diéu tri cao hon so véi insulin human nhung insulin analog vin dugc khuyén ding
trong diéu tri & bénh nhan DTD typ 1 vi nhitng hiéu qua va loi ich ma n6 mang lai. Pbi véi mot sb bénh nhan gap kho
khin vé chi phi didu tri bénh thi st dung insulin human hodc cac insulin hdn hop ciing gitip cho bénh nhan dat duoc
muc tiéu duong huyét muc tiéu.

Tir khoa: Pai thao duong; Insulin; Hi€u qué; Chi phi; Han ché.

1. Introduction glycemic management in patients with T1D and

Diabetes mellitus (DM) is a group of 12D [2], [6]. The discovery of insulin
metabolic diseases characterized by increased represented a milestone in clinical medicine, it
hepatic glucose production and reduced glucose ~ Nas saved the lives of millions DM patient in
use in muscle and adipose tissue leading to ~ Worldwide [9]. Only one year after treatment,
abnormal glucose accumulation in the blood insulin contributed to the reduction of mortality
[3], [6]. According to the report of the of diabetes ketoacidosis from 90% to 60% and
International Diabetes Federation (IDF) in 0 only 3% - 10% in 1974 [10]. Insulin is a
2021, there are about 537 million adults with ~ hormone that is synthesized from 5 cell in the
DM in the world, the statistics have shown that ~ Pancreatic islet of Langerhans [14]. The
this rate will increase and is expected to  Structure of insulin consists of two chains of
increase to 643 million people by 2030 and 783 Polypeptide, chain A with 21 amino acids and
million people by 2045 [7]. In Vietnam, chain B with 30 amino acids, in chain A there is
Diabetes is a burden of disease, according to 2 disulfur bond, between chains A and B there

IDF statistics in 2019, there are nearly 3.8  @re two disulfur bonds (Figure 3.1) [3], [14]. In
million people between the ages of 20 and 79 ~ our body, insulin plays an important role in

with DM and in the future this number may rise ~ carbohydrate metabolism, energy storage, when
to 6.3 million by 2045 [8]. excess carbohydrates will be stored as glycogen

primarily in the liver and muscles or converted

Administration of exogenous insulin sources ) ) )
to fat stored in adipose tissue [14].

is the primary and essential treatment for
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Figure 1.1. Structure of insulin [3], [14]

Over the last 100 years, many insulin studies
have been conducted and new generation of
insulin has been born (Figure 3.2), thanks to the
outstanding improvements that not only have
been highly effective in treating diabetes but
also have positive impacts on the quality of life
of patients [11], [12]. Insulin was first
administered to humans in 1922, when a 14
years old patient with T1D in critical period had
positive responses after injection of pure insulin
extracted from the pancreas of calves is studied
by scientist James B. Collip [9]. By 1946, the
advent of NPH insulin, as the first medium-
acting insulin, could help patients reduce the
number of injection in a day (requiring only one
or two injections per day) [15]. Then, in 1982,
human insulin was born as a result of the
recombinant DNA technology that replaced
earlier animal-derived insulin types [16]. From
the 1990s to present, the advent of analogue
insulins has been a new step forward. By
changing some amino acids in the structure of
human insulin that have produced different types
of insulin whose physiological function is

almost identical to human insulin [17]. The first
analogue insulin was introduced in 1996 called
lispro, which is a rapid-acting insulin, is used in
a way that intensifies with the meal so that
patients can control their postprandial glucose,
aspart was approved and released in 2000, while
glulisine in 2004 [18-20]. In 2000, the invention
of glargine, the first long-acting insulin, ushered
in a new era in the treatment of diabetes with
insulin, which could help patients reduce the
time of using insulin and improve their quality
of life [21], [23]. Beside glargine insulin, new
generation analogue insulins such as determir
insulin and degludec insulin were also approved
as basal insulin which were born in 2005 and
2013 [12], [22]. Nowadays, in addition to rapid-
acting or long-acting insulins, mixed insulins
such as 70% NPH, 30% regular; 30% aspart
protamine, 70% aspart; 50% lispro protamine,
50% lispro, are also found to be a convenient
therapy that contributes to help patients control
their disease better and provides more benefits in
terms of treatment costs than some other types of
insulin.
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Figure 1.2. History of insulin [3], [24]

Analogue insulins were created to overcome
the short-coming of human insulin in treatment
of DM [13]. Basal insulin analogues have an
effectivess duration (18 - 42 hours) (Table 4.1).
Therefore, analogue insulin cause less
variability, less hypoglycemia and less weight
gain than human insulin (NPH insulin). RAIAs
were developed to speed up insulin absorption
relative to human soluble insulin, and thereby
more effectively minimize postprandial glucose
excursions and reduce the risk of hypoglycemia
due to exogenous insulin concentrations

Table 1.1. Classification of insulin [1], [3], [6]

remaining high for longer than needed [55]. On
the other hand, many patients still consider in
choosing between analogue insulin and human
insulin because the cost of analogue insulin is
higher than human insulin. Therefore, it is
essential to overview the differences between
these two types of insulin in terms of efficacy,
limitation as well as treatment costs, that helps
the pharmacist and patients to get the necessary
information to be able to choose the type of
insulin for more effective and optimal DM
treatment.

. Onset Peak Effect_lve Treatment Route of
Preparation | Brand name duration . g .
(hours) | (hours) (hours) subject | Administration
Short-acting human insulin
Regular insulin Actrapid 05-1 2-3 6-10
Insunova-R
Rapid-acting insulin analogue
Lispro insulin | umalog | o5 45 3-65 | TID,T2D | SC, IM, IV
Admelog
. . NovoLog
Aspart insulin NovoRapid 0,17-0,33/05-15 3-5
Glulisine Apodre | 0,25-0,5 4-53
insulin
Medium-acting insulin human
NPH Insulin | Humulin-N 1-2 | 6-14 | 10-16 | TID,T2D | SC,IM, IV
Novolin-N
Long-acting insulin analogues
Glargine Lantus 1,1 0 24 | TID,T2D | SC,IM, IV
insulin
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Determir Levemir 11-2 12 - 24
insulin
Degludec Tresiba 1-4 24 - 42
insulin
Mixed human insulin
i Humulin 70/30
Mbxed Uman |~ mixtad 30/70 | 05-1 | 15-12 | 75-24 | MO sC, IM
Mixtad 50/50
Mixed analogue insulin
e Humalog Mix
Mlxle_d insulin 50/50 <025 1-4 > 22 Most for SC. IM
Ispro T2D
2. Research subject and methods lower postprandial glucose levels in three hours
This article used the literature review post-injection  than  regular insulin - [27].
Nowadays, there are not many studies

method to collect and analysis the information
from books, articles, scientific reports, research
topics are conducted and published
scientifically from 2010 to now with content
related to DM and insulin preparations to
overview of differences between the two types
of analogue insulin and human insulin, thus
providing recommendations for the selection
and use of insulin treatment for patients with
T1D as well as T2D.

3. Result
3.1. Efficacy

The purpose of using bolus insulin is to help
patients control  prosprandial glycaemic,
because approximately 50% of the total
hyperglycemia episodes in patients on multiple
doses of insulin is contributed by postprandial
glucose fluctuation [25]. Faster onset of action
of RAIAs has improved postprandial glycaemic
control in DM patients (Table 4.1) [54]. In
2020, a meta-analysis by Antonio Nicolucci et
al. have shown that the use of RAIAs
significantly reduced posprandial glucose
compared with the use of RHI in patients with
T1D and the HbA1C levels were also lower in
patients who used RAIAs than RHI [26]. In
2011, a study in German by Lutz Heinemann
found that patients who used lispro insulin had

demonstrated the glycemic control effect in
T2D of RAIAs compared to RHI. Another
study in 2020 have shown that the effectiveness
of treatment and control of HbALC levels in
patients with T2D in both types of insulin was
the same after surveying 3 groups: the group of
patients using analogue insulins, the group of
patients using regular insulin and the group of
patients using mixed insulin (analogue +
regular) [28]. In contrast, a randomized trial of
13 patients with T2D used aspart insulin or
regular insulin showed that postprandial
glucose after eating two consecutive meals in
patients who received insulin aspart decreases
more sharply than regular insulin [29].

To provide high therapeutic efficacy, bolus
insulins are often indicated in combination with
basal insulins in treatment regimens. In some
studies, compared long-acting insulin analogues
(LAIAS) such as glargine or detemir with NPH
insulin, the glycemic control between this two
insulin was similar in both T1D and T2D
patients. However, treatment by glargine
insulin significantly reduced the variability of
fasting plasma glucose (6.6 mmol/L) in T1D
patients [32], [33]. In 2013, a study in Canada
showed that glycemic control of LAIAs was
superior to regular insulin, they found that
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glargine once daily, detemir once daily or
detemir twice daily significantly reduced
hemoglobin Aic compared with NPH once daily
[34]. According to the study assessment of the
effect of preparation insulins in the treatment of
patients with T1D, although, the use of LAIAs
in place of NPH insulin does not increase the
proportion of patients who attained optimal
glycemic control nor severe hypoglycemic
complications were not completely eliminated,
but, the authors has also found that with the
possibility of reducing from 0.3% to 0.4% of
HbA1C and the relatively low rate of
hypoglycemia in patients gives the LAIAS
many clinical interests [35]. A study in
Netherlands in 2015 showed that the
combination of glargine insulin with oral
hypoglycemic drugs increased the likelihood of
achieving a glycemic target of HbA1C < 7%
(53mmol/mol) in patients with T2D higher than
NPH insulin [36]. Nonobese patients should use
glargine insulin because it can reduce the
HbA1C more than NPH insulin [37].

Mixed insulin regimen is an optimal option
in patients with T2D at the onset of insulin
therapy [39]. Mixed insulins are ready-mixed
between two types of rapid-acting and long-
acting insulins. In 2016, a research in Iran
showed that in the group of T2D patients, who
received mixed insulin aspart 30 (BIAsp 30 -
Biphasic Insulin aspart 30) after 48 weeks had
the rate of achieving glycemic goals delineated
by the ADA (HbA1C < 7%) higher than the
group of patients in the combination of NPH +
regular (NPH/Reg) (65% > 33%) but the
glycemic control between these two groups was
similar when the group of patients in BIAsp 30
had HbA 1C reduction of 2.40 & 1.28°% after 48
weeks and the group of patients in NPH/Reg
had HbAIC reduction of 2.34+1.53°% [5],
[40]. The combination of neutral protamine
lispro + insulin lispro (75/25 and 50/50) has a

faster glycemic reduction than the combination
of 70% NPH + 30% regular insulin, the
postprandial glucose of these patients is lower
as well as there is no significant variation of
glucose concentration in the midday or
overnight and it is usually administered 15
minutes before or immediately after a meal
[41]. In several survey studies in patients with
T2D switched from mixed human insulin
(Biphasic Human Insulin 30 - BHI 30) to mixed
analogue insulins (Biphasic Insulin aspart 30 -
BIAsp 30) showed a marked improvement of
HbA1C, fasting plasma glucose and
postprandial  plasma  glucose  improved
significantly after 24 weeks and quality of life
was positively impacted [42], [43].

3.2. Limitation

The advantage of being able to exert a
shorter effect, the RAIAs reduces the risk of
hypoglycemia in TD patients when compared
to RHIL According to American Diabetes
Association 2022 (ADA 2022), in T1D patients
were treated by analogue insulins have lower
rates of hypoglycemia and weight gain
compared to regular insulin [6]. RAIAs can
reduce 7% in total hypoglycemic episodes, 32%
in severe hypoglycemia and 45% in nocturnal
hypoglycemia levels in patients with T1D, this
is an important finding, as these episodes are
particularly associated with lower quality of life
and treatment nonadherence [25]. In patients
treated with regular insulin, there is a higher
incidence of hypoglycemia than patients treated
with analogue insulins (lispro or glulisine) due
to the quick onset of action and shorter duration
of action compared to regular insulin, so
analogue insulin can helps patients reduce the
risk of hypoglycemia, especially nocturnal
hypoglycemia more than regular insulin [31]. In
addition to insulin aspart reduces lipolysis more
effectively than regular insulin, reduces levels
of free fatty acids and proinsulin in T2D
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patients [29]. Increasing levels of free fatty
acids in the plasma due to lipolysis have
detrimental effects on cell function and insulin
sensitivity [52]. the effectiveness of treatment
for the acute complications such as diabetes
ketoacidosis (DKA) is also an important factor
of insulin preparations, in a survey on the
effectiveness of treatment for DKA patients
found that analogue insulins is equally effective
and safe as regular insulin in the treatment of
DKA and there was not much difference
observed in the patients's length of
hospitalization in either group [30].

The adverse effects such as weight gain or
hypoglycemia are reported to be less frequent
in T1D patients who are treated by LAIAS
compared to NPH insulin [34]. Some clinical
trials have shown that long-term treatment with
analogue insulins reduces the risk of
hypoglycemia, especially nocturnal
hypoglycemia compared to NPH insulin [32],
[33]. A study in Poland 2011 shown that
treatment with insulin determir was associated
with a significant reduction in all hypoglycemic
episodes and less weight gain in comparison
with NPH insulin, moreover, they also found
statistically significant benefits of insulin
determir over NPH insulin in terms of noctural
hypoglycemia [53]. In 2022, a study in Canada
by Vanessa C Brunetti et al. found that the risk
of cardiovascular events of the patients with
T2D, who used LAIAs, is lower than NPH
insulin and NPH insulin causes weight gain 4.5
times more than glargine insulin [38].

In long-term treatment, the combination of
detemir insulin + aspart insulin was superior to
NPH insulin + aspart insulin in less causing
hypoglycemia [38]. In patients with T2D are
treated by mixed analogue insulin, there is less
frequency of minor, major and nocturnal
hypoglycaemic compared to those using mixed
human insulin [40]. In patients with T2D

switched from BHI 30 to mixed analogue
insulin BIAsp 30 showed the proportion of
patients reporting hypoglycaemia decreased
significantly, was from 2.18 events/patient-year
to 0.06 events/patient-year and no nocturnal or
major hypoglycaemic events were reported
[43]. In addition, less weight gain (+ 0.22 *
1.55) is one of the advantages of mixed
analogue insulin when compared with mixed
human insulin (+ 2.10 £ 2.69) [40], [42].

3.3. Costs

The cost of treatment plays an important part
of effective disease control and is also received
much attention from patients. Over the years,
the payments for insulin have increased rapidly
and outstripped other medical expenses, the
insulin prices have tripled between 2002 - 2013
[44]. In the United States, the cost of analogue
insulins is significantly higher than human
insulin, estimated for each patient have to pay
about $507.89 for analogue insulin and $228.20
for human insulin in 2013 [45]. Also in the
United States, according to the statistics on
GoodRx Health in 2019 has shown that
diabetes patients have to pay a range of $27 to
$99.4 per 10 ml vial of human insulin while the
price of analogue insulin ranged from $248 to
$600 [46]. Although analogue insulins are more
flexible and can help patients improve their
quality of life better than human insulin, but the
reality is that many patients cannot afford to
use it because the cost is higher than their
income [47]. In US, a study in 2019 found that
human insulin helps patients to save more
economically, leading to better adherence and
treatment efficiency [48].

High out-of-pocket costs for insulin can lead
to cost-related nonadherence and poor outcome
in patients with diabetes [49]. Patients may
arbitrarily quit or reduce the dose of insulin to
reduce the cost of insulin therapy [7]. A survey
in the United States has shown that one out of
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four patients is unable to control their blood
glucose steadily due to the cost of medication
[50]. Nonadherence to treatment leads to poor
glycemic control and increases the risk of
serious complications. While the disparity in
prices may not be the most important issue in
high-income countries, but it has a huge impact
on low and middle-income countries.

4. Discussion

In terms of therapeutic efficacy, RAIAs have
pharmacological action profile mimic the
normal physiological insulin secretion in
response to meals better than RHI, so RAIAs
can offer a clear benefit in improving
postprandial glucose in patients with T1D.
Beside that glycemic control of LAIAs in T1D
patients was more superior than NPH insulin,
LAIAs significantly reduced the fasting plasma
glucose (6,6mmol/L). In the treatment of T2D,
the use of analogue insulin and human insulin
showed similar glycemic control, while RAIAs
offer no advantage for glucose control or
reduce limitations, LAIAs combined with oral
agents has the potential to help T2D patients
achive a glycemic target of HbALC < 7%
higher than NPH. In addition, mixed insulins
are also more commonly indicated in patients
with T2D than in patients with T1D because of
the high efficacy it provides as well as saving
the cost of treatment for patients because the
cost of mixed insulins is lower than other types
of insulin.

The hypoglycemia, especially nocturnal
hypoglycemia in these patients are also
markedly improved on switching from human
insulin to analogue insulin. According to the
ADA 2022, it is recommended that in most
patients with T1D, RAIAs should be used to
reduce the risk of hypoglycemic complications
and ketosis complications [6]. Moreover, the
combination regimens of basal insulin analogue
with an oral drug or bolus insulin analogue

significantly reduced the proportion of patients
with  hypoglycemia, especially nocturnal
hypoglycemia. Although the cost of analogue
insulins (glargine, lispro) is higher than human
insulins (NPH, regular), but they do not
significantly increase glycemic improvement,
nor minimize the risk of hypoglycemia in
patients with T2D [51]. Therefore, human
insulin may be a suitable option for patients
with T2D.

Although the cost of analogue insulins is
significantly higher than human insulin, but it is
still recommended for patients with T1D
because of its high flexibility. Analogue insulin
can provide an immediate action, so it is not
only highly effective for glycemic control but
also helps patients improve their quality of life
and provide more therapeutic satisfaction than
human insulin. However, the high cost is also a
limitaion because it can lead to the
nonadherence. Human insulin or mixed insulin
is an appropriate choice for DM patients, that
can helps patients have a better adherence,
achive a glycemic goal and especially save
more economically.

Choosing and prescribing an insulin
preparation can be based on a variety of factors:
the state of the disease, risk factors,
complications or background disease and also
the cost of treatment appropriate to the
individual patient 's ability to pay. The goal of
insulin therapy for patients with T1D and T2D
is to achieve the therapeutic goal with a low
rate of hypoglycemia and minimal weight gain,
so in the treatment of diabetes it is necessary to
personalize the therapeutic goal in each patient,
in addition to having to balance the ability to
control blood glucose and the risk of
hypoglycemia to provide the most appropriate
and optimal treatment regimen to achieve high
effectiveness in treatment, especially good
glycemic control for patients.



188

H.N.Phuong Anh, N.H.Dong,... / Tap chi Khoa hoc va Cong nghé Dai hoc Duy Tan 5(54) (2022) 179-190

References

(1]
(2]

(3]

[4]

(5]

6]

[7]
(8]
[0l

[10]

[11]

[12]

[13]

BoY té (2018), Duoc thw quéc gia Viét Nam, NXB
Y hoc.

Lé Chuyén, Nguyén Thanh Tin (2021), Cdp nhit
thuéc diéu tri dai thao dwong: Dwdi géc nhin dwoe
ly 1&m sang; Vietnam Journal of Diabetes and
Endocrinology, (46), 52-67.

Laurence Brunton, Randa Hilal-Dandan, Bjorn
Knollmann (2017), Goodman & Gilman’s The
pharmacological basic of therapeutics.

Wright, A., Burden, A. C., Paisey, R. B., Cull, C.
A., Holman, R. R., & U.K. Prospective Diabetes
Study Group (2002), Sulfonylurea inadequacy:
efficacy of addition of insulin over 6 years in
patients with type 2 diabetes in the U.K.
Prospective Diabetes Study (UKPDS 57), Diabetes
care, 25(2), 330-336.
https://doi.org/10.2337/diacare.25.2.330.

American Diabetes Association (2022), “Standards
of Medical Care in Diabetes-2022 Abridged for
Primary Care Providers”, Clin Diabetes 1 January
2022, 40 (1): 10-38. https://doi.org/10.2337/cd22-
as01.

American Diabetes Association Professional Practice
Committee (2022), “Pharmacologic Approaches to
Glycemic Treatment: Standards of Medical Care in
Diabetes-2022”, Diabetes Care 1 January 2022; 45
(Supplement_1): S125

S143. https://doi.org/10.2337/dc22-S0009.

International Diabetes Federation (2021), IDF
Diabetes Atlas 10th edition 2021.
International Diabetes Federation (2019), IDF

Diabetes Atlas 9th edition 2019.

Hegele, R. A., & Maltman, G. M. (2020), “Insulin's
centenary: the birth of an idea”, The lancet,
Diabetes & endocrinology, 8(12), 971-977.
https://doi.org/10.1016/S2213-8587(20)30337-5.

Eledrisi MS, Elzouki AN (2020), Management of
Diabetic Ketoacidosis in Adults: A Narrative
Review, Saudi J Med Med Sci, 8(3):165-173. doi:
10.4103/sjmms.sjmms_478_19. Epub 2020 Aug 20.
PMID: 32952507; PMCID: PMC7485658.

Ziegler AG, Danne T, Daniel C, Bonifacio E.
(2021), 100 Years of Insulin: Lifesaver, immune
target, and potential remedy for prevention. Med
(N Y), 8;2(10):1120-1137. doi:
10.1016/j.med;j.2021.08.003. Epub 2021 Sep 15.
PMID: 34993499; PMCID: PMC8730368.

Wilson, L. M., & Castle, J. R. (2020), Recent
Advances in Insulin Therapy. Diabetes technology
& therapeutics, 22(12), 929-936.
https://doi.org/10.1089/dia.2020.0065.

Tibaldi J. M. (2014), “Evolution of insulin: from
human to analog”; The American journal of
medicine, 127(10 Suppl), S25-S38.
https://doi.org/10.1016/j.amjmed.2014.07.005.

[14] Badiu C MD, PhD. WILLIAMS (2019), Textbook

of Endocrinology, Acta Endocrinol (Buchar),
15(3):416. doi: 10.4183/aeb.2019.416. PMCID:
PMC6992389.

[15] Saleem, F., & Sharma, A. (2022), NPH Insulin,

In StatPearls. StatPearls Publishing.

[16] Vecchio I, Tornali C, Bragazzi NL, Martini M.

[17]

(2018), “The Discovery of Insulin: An Important
Milestone in the History of Medicine”, Front
Endocrinol (Lausanne), 9:613. doi:
10.3389/fend0.2018.00613. PMID:  30405529;
PMCID: PMC6205949.

Hirsch L. (2005), “Insulin Analogues”, N Engl J Med.;
352:174-83.

[18] Humalog (Internet) Silver Spring, Maryland: U.S. Food

[19]

and Drug Administration; Available
from: http://www.accessdata.fda.gov/scripts/cder/drugs
atfda/index.cfm?fuseaction=Search.DrugDetails

Novolog (Internet) Silver Spring, Maryland: US Food
and Drug Administration; Available
from: http://www.accessdata.fda.gov/scripts/cder/drugs
atfda/index.cfm?fuseaction=Search.DrugDetails

[20] Apidra (Internet) Silver Spring, Maryland: US Food and

[21]

[22]

[23]

Drug Administration; Auvailable
from: http://ww.accessdata.fda.gov/scripts/cder/drugs
atfda/index.cfm?fuseaction=Search.DrugDetails

Lantus (Internet) Silver Spring, Maryland: US Food and
Drug Administration; Auvailable
from: http://ww.accessdata.fda.gov/scripts/cder/drugs
atfda/index.cfm?fuseaction=Search.DrugDetails

Levemir (Internet) Silver Spring, Maryland: US Food
and Drug Administration; Auvailable
from: http://Aww.accessdata.fda.gov/scripts/cder/drugs
atfda/index.cfm?fuseaction=Search.DrugDetails

Hilgenfeld R, Seipke G, Berchtold H, Owens DR.
(2014), “The evolution of insulin glargine and its
continuing contribution to diabetes care”, Drugs;
74(8):911-27. doi: 10.1007/s40265-014-0226-4.
PMID: 24866023; PMCID: PMC4045187.

[24] Quianzon CC, Cheikh 1. (2012), History of insulin, J

Community Hosp Intern Med Perspect; 2(2). doi:
10.3402/jchimp. v2i2.18701. PMID: 23882369;
PMCID: PMC3714061.

[25] Melo, K., Bahia, L. R., Pasinato, B., Porfirio, G.,

Martimbianco, A. L., Riera, R., Calliari, L.,
Minicucci, W. J., Turatti, L., Pedrosa, H. C., &
Schaan, B. D. (2019), “Short-acting insulin
analogues versus regular human insulin on
postprandial glucose and hypoglycemia in type 1
diabetes mellitus: a systematic review and meta-
analysis”, Diabetology & metabolic syndrome, 11,
2. https://doi.org/10.1186/s13098-018-0397-3.

[26] Nicolucci, A., Ceriello, A., Di Bartolo, P., Corcos,

A., & Orsini Federici, M. (2020), “Rapid-Acting
Insulin Analogues Versus Regular Human Insulin:
A Meta-Analysis of Effects on Glycemic Control in
Patients  with  Diabetes”; Diabetes  therapy:


https://doi.org/10.2337/diacare.25.2.330
https://doi.org/10.2337/cd22-as01
https://doi.org/10.2337/cd22-as01
https://doi.org/10.2337/dc22-S009
https://doi.org/10.1089/dia.2020.0065
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails

H.N.Phuong Anh, N.H.Dong,... / Tap chi Khoa hoc va Cong nghé Dai hoc Duy Tan 5(54) (2022) 179-190

research, treatment and education of diabetes and
related disorders, 11(3), 573-584.
https://doi.org/10.1007/s13300-019-00732-w.

[27] Heinemann, L., Hompesch, M., Flacke, F., Simms,

P., Pohl, R., Albus, K., Pfutzner, A., & Steiner, S.
(2011), “Reduction of postprandial glycemic
excursions in patients with type 1 diabetes: a novel
human insulin formulation versus a rapid-acting
insulin analog and regular human insulin”, Journal
of diabetes science and technology, 5(3), 681-686.
https://doi.org/10.1177/193229681100500322

[28] Ozturkmen YA, Avci S, Calim A, Cetin EG, Demir

N, Mazi EE, Borlu F, Altuntas Y. (2020), “The
Effect of Type and Daily Doses of Insulin to
Treatment Success in Type 2 Diabetes Patients who
are Receiving Basal-bolus Insulin Therapy”, Sisli
Etfal Hastan Tip Bul; 54(4):416-423. doi:
10.14744/SEMB.2018.58234. PMID: 33364880;
PMCID: PMC7751243.

[29] Sourij, H., Schmoelzer, I., de Campo, A., Tripolt, N.

[30]

[31]

J., Stojakovic, T., Scharnagl, H., Kettler-Schmut,
E., Forst, T., & Wascher, T. C. (2011), “Non-
glycemic effects of insulin therapy: a comparison
between insulin aspart and regular human insulin
during two consecutive meals in patients with type
2 diabetes”, European journal of
endocrinology, 165(2), 269-274.
https://doi.org/10.1530/EJE-11-0061.

Vidyasagar, K., Chandrasekar, B., Chhabra, M.,
Bhansali, A., & Bansal, D. (2020), Efficacy and
Safety of Commonly Used Insulin Analogues in the
Treatment of Diabetic Ketoacidosis: A Bayesian
Indirect Treatment Comparison, Clinical
therapeutics, 42(8), el15-e139.
https://doi.org/10.1016/j.clinthera.2020.06.017.

Rolla A. (2008), ‘“Pharmacokinetic  and
pharmacodynamic advantages of insulin analogues
and premixed insulin analogues over human insulins:
impact on efficacy and safety”, Am J Med. ;121(6
Suppl): S9-s19.

[32] Lipska, K. J., Parker, M. M., Moffet, H. H., Huang,

[33]

E. S., & Karter, A. J. (2018), “Association of
Initiation of Basal Insulin Analogs vs Neutral
Protamine Hagedorn Insulin With Hypoglycemia-
Related Emergency Department Visits or Hospital
Admissions and With Glycemic Control in Patients
With Type 2 Diabetes”, JAMA, 320(1), 53-62.
https://doi.org/10.1001/jama.2018.7993.

Raskin, P., Klaff, L., Bergenstal, R., Halle, J.P.,
Donley, D. and Mecca, T. (2000), “A 16-Week
Comparison of the Novel Insulin Analog Insulin
Glargine (HOE 901) and NPH Human Insulin Used
with Insulin Lispro in Patients with Type 1
Diabetes”, Diabetes Care, 23, 1666-1671.

[34] Tricco, A. C., Ashoor, H. M., Antony, J., Beyene, J.,

Veroniki, A. A., lsaranuwatchai, W., Harrington,
A., Wilson, C., Tsouros, S., Soobiah, C., Yu, C. H.,
Hutton, B., Hoch, J. S., Hemmelgarn, B. R., Moher,

189

D., Majumdar, S. R., & Straus, S. E. (2014),
“Safety, effectiveness, and cost effectiveness of
long acting versus intermediate acting insulin for
patients with type 1 diabetes: systematic review and
network meta-analysis”, BMJ (Clinical research
ed.), 349, g5459. https://doi.org/10.1136/bmj.g5459

[35] Johansen, O. E., Vanberg, P. J., Kilhovd, B. K., &

[36]

Jargensen, A. P. (2009), “Changing basal insulin
from NPH to detemir or glargine in patients with
type 1 diabetes and a history of severe
hypoglycemia”, Vascular health and risk
management, 5(1), 121-128.

Rys, P., Wojciechowski, P., Rogoz-Sitek, A.,
Niesyczynski, G., Lis, J., Syta, A., & Malecki, M.
T. (2015), “Systematic review and meta-analysis of
randomized clinical trials comparing efficacy and
safety outcomes of insulin glargine with NPH
insulin, premixed insulin preparations or with
insulin detemir in type 2 diabetes mellitus”, Acta
diabetologica, 52(4), 649-662.
https://doi.org/10.1007/s00592-014-0698-4

[37] Porcellati, F., Lin, J., Lucidi, P., Bolli, G. B., &

[38]

Fanelli, C. G. (2017), “Impact of patient and
treatment characteristics on glycemic control and
hypoglycemia in patients with type 2 diabetes
initiated to insulin glargine or NPH: A post hoc,
pooled, patient-level analysis of 6 randomized
controlled trials”, Medicine, 96(5), £6022.
https://doi.org/10.1097/MD.0000000000006022.

Brunetti, V. C., Yu, O., Platt, R. W., & Filion, K. B.
(2022), “The association of long-acting insulin
analogue use versus neutral protamine Hagedorn
insulin use and the risk of major adverse
cardiovascular events among individuals with type
2  diabetes: A  population-based  cohort
study”, Diabetes, obesity &  metabolism,
10.1111/dom.14802. Advance online publication.
https://doi.org/10.1111/dom.14802.

[39] Walley T, Hughes D, Kendall H (2005), “Trends

and influences on use of antidiabetic drugs in
England, 1992-2003”, Pharmacoepidemiol Drug
Saf.; 14:769-73.

[40] Farshchi A, Aghili R, Oskuee M, Rashed M, Noshad

S, Kebriaeezadeh A, Kia M, Esteghamati (2016),
“A. Biphasic insulin Aspart 30 vs. NPH plus
regular human insulin in type 2 diabetes patients; a
cost-effectiveness study”, BMC Endocr Disord;
16(1):35. doi: 10.1186/s12902-016-0116-8. PMID:
27278922; PMCID: PMC4899904.

[41] Jacob, S., Morsy, M. A., & Nair, A. (2018), “An

[42]

overview on the insulin preparations and devices”,
Indian J. Pharm. Educ. Res; 52(2018), 550-557.

Lim-Abrahan, M. A., Yu-Gan, S., Jain, A. B,,
Sobrepena, L. M., & Racho, V. A. (2013), “Safety
and effectiveness of biphasic insulin aspart 30 in
type 2 diabetes patients switched from biphasic
human insulin 30: results from the Filipino cohort
of the Aichieve study”; Diabetes research and


https://doi.org/10.1007/s13300-019-00732-w
https://doi.org/10.1001/jama.2018.7993

190

H.N.Phuong Anh, N.H.Dong,... / Tap chi Khoa hoc va Cong nghé Dai hoc Duy Tan 5(54) (2022) 179-190

clinical  practice, 100 Suppl 1, S35-S40.
https://doi.org/10.1016/S0168-8227(13)70008-1

[43] Soewondo, P., Lindarto, D., Wibisono, S., Renaldi,

0., & Dalem-Pemayun, T. G. (2013), “Clinical
safety and effectiveness of biphasic insulin aspart
30 in type 2 diabetes patients switched from
biphasic human insulin 30: results from the
Indonesian cohort of the Aichieve study”; Diabetes
research and clinical practice, 100 Suppl 1, S41-
S46. https://doi.org/10.1016/S0168-
8227(13)70009-3

[44] Joshi, S. R., Mittra, S., Raj, P., Suvarna, V. R., &

Athalye, S. N. (2022), “Biosimilars and
interchangeable biosimilars: facts every prescriber,
payor, and patient should know. Insulins
perspective”, Expert opinion on biological therapy:
https://doi.org/10.1080/14712598.2022.2112664.

[45] Hua X, Carvalho N, Tew M, Huang ES, Herman

WH, Clarke P. (2016), “Expenditures and Prices of
Antihyperglycemic Medications in the United
States: 2002-2013”, JAMA;315(13):1400-2. doi:
10.1001/jama.2016.0126.  PMID:  27046369;
PMCID: PMC4886177.

[46] Mui K. (2019), Don’t write off older insulins just

yet: they may work just as well as newer insulins
for type 2 diabetes;
Available: https://www.goodrx.com/blog/older-
human-insulins-may-work-as-well-as-newer-
insulins-type-2-diabetes/.

[47] Gotham D, Barber MJ, Hill A. (2018), “Production

[48]

[49]

costs and potential prices for biosimilars of human
insulin and insulin analogues”, BMJ Global Health:
3(5): e000850.

Luo J, Khan NF, Manetti T, et al. (2019),
“Implementation of a Health Plan Program for
Switching From Analogue to Human Insulin and
Glycemic Control Among Medicare Beneficiaries
With Type 2 Diabetes”, JAMA;321(4):374-384.
doi:10.1001/jama.2018.21364.

McAdam-Marx, C., Ruiz-Negron, N., Sullivan, J.
M., & Tucker, J. M. (2022), “The effects of patient

[50]

out-of-pocket costs for insulin on medication
adherence and health care utilization in patients
with commercial insurance”, Journal of managed
care & specialty pharmacy; 28(5), 494-506.
https://doi.org/10.18553/jmcp.2022.21481.

Herkert D, Vijayakumar P, Luo J, Schwartz JI,
Rabin TL, DeFilippo E, Lipska KJ. (2019), “Cost-
Related Insulin Underuse Among Patients With
Diabetes”, JAMA Intern Med;179(1):112-114. doi:
10.1001/jamainternmed.2018.5008. PMID:
30508012; PMCID: PMC6583414.

[51] Horvath, K., Jeitler, K., Berghold, A., Ebrahim, S.

[52]

[53]

[54]

[55]

H., Gratzer, T. W., Plank, J., Kaiser, T., Pieber, T.
R., & Siebenhofer, A. (2007), “Long-acting insulin
analogues versus NPH insulin (human isophane
insulin) for type 2 diabetes mellitus”, The Cochrane
database of systematic reviews, (2), CD005613.
https://doi.org/10.1002/14651858.CD005613.pub3

Zhou YP, Ling ZC, Grill VE. (1996), “Inhibitory
effects of fatty acids on glucose-regulated B-cell

function:  association  with increased islet
triglyceride stores and altered effect of fatty acid
oxidation on glucose
metabolism”, Metabolism; (45) 981-986
d0i:10.1016/S0026-0495(96)90267-X.

Szypowska, A., Golicki, D., Groele, L., &
Pankowska, E. (2011), “Long-acting insulin

analogue detemir compared with NPH insulin in
type 1 diabetes: a systematic review and meta-
analysis”, Polskie Archiwum Medycyny
Wewnetrznej, 121(7-8), 237-246.

Home PD. (2012), “The pharmacokinetics and
pharmacodynamics  of  rapid-acting  insulin
analogues and their clinical consequences”,
Diabetes Obes Metab;14(9):780-788.

Hartman 1. (2008), “Insulin analogs: impact on
treatment success, satisfaction, quality of life, and
adherence”, Clin Med Res; 6(2):54-67. doi:
10.3121/cmr.2008.793. Epub 2008 Sep 18. PMID:
18801953; PMCID: PMC2572551.


https://doi.org/10.1080/14712598.2022.2112664
https://www.goodrx.com/blog/older-human-insulins-may-work-as-well-as-newer-insulins-type-2-diabetes/
https://www.goodrx.com/blog/older-human-insulins-may-work-as-well-as-newer-insulins-type-2-diabetes/
https://www.goodrx.com/blog/older-human-insulins-may-work-as-well-as-newer-insulins-type-2-diabetes/
http://dx.doi.org/doi:10.1016/S0026-0495(96)90267-X

