
Review article

The year 2021 is the centennial of insulin discovery. The discovery of insulin 
changes diabetes mellitus from a death sentence to a manageable disease. It 
became a historical turning point in the lives of people with diabetes. Since the first 
use of insulin in a patient in 1922, insulin and its analogs have been remarkable in 
saving the lives of people with diabetes. As insulin began to be used as a drug, it 
was introduced to, and used in Korea until now. This review briefly summarizes the 
history of insulin treatment in Korean children and adolescents with diabetes.
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Highlights

The year 2021 is the centennial of insulin discovery.  As insulin and insulin analogs began to 
be used as a drug, they were introduced to, and used in Korea until now.  New types of smart 
insulin and more advanced devices developed in the future can make diabetes an easier-to-
manage disease.

Introduction

The year 2021 is the centennial of the discovery of insulin (Fig. 1). The first description of 
diabetes mellitus (DM) was documented on papyrus scrolls of ancient Egypt in 1500 B.C. 
However, DM treatment began with the discovery of insulin. In 1921, Frederick Banting and 
Charles Best of the University of Toronto successfully extracted insulin from the pancreas of 
a dog.1) Since insulin was first administered to Leonard Thompson, a patient with juvenile 
DM in November 1922, insulin has become the cornerstone of treatment for DM. Frederick 
Banting and John Macleod were jointly awarded the Nobel Prize in 1923 for the discovery of 
insulin. Insulin changes DM from a death sentence to a manageable disease.2)

The incidence of DM in children and adolescents is low in Korea compared to that in 
Western countries. However, recent studies have shown that the incidence of DM is increasing, 
similar to that in other countries.3) In metropolitan Seoul, the incidence of type 1 diabetes 
(T1D) was first reported as 0.5/100,000 among boys and 0.6 per 100,000 in girls aged <15 
years in 1985–1986.4) The most recent study revealed that the incidence of T1D increased 
to 4.89 and 4.67 per 100,000, respectively, for boys and girls aged <15 years in 2016, which 
indicates an approximately 9-fold increase over 30 years.5) Along with the increasing number 
of pediatric patients, the development of various insulin analogs and the advancement of 
diabetes technology have increased social interest.

In this article, the history of insulin treatment in Korean pediatric patients with diabetes is 
reviewed for the centennial discovery of insulin.
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Early reports of pediatric patients with diabetes

In 1923, a news article reporting the Nobel Prize Awarded 
for the discovery of  insulin was released in Chosun Ilbo, 
which is thought to be the first documentation of insulin in 
Korea.6) Since DM was introduced as a differential diagnosis of 
enuresis in Chosun Ilbo in 1924,7) articles on pediatric DM were 
intermittently published in newspapers.

The first case report on pediatric DM was published in 
the Journal of Korean Pediatric Society in 1959.8) A 6-month-
old male patient was admitted to Yonsei University Severance 
Hospital because of turbid urine and delayed weight gain. On 
admission, he had a fasting glucose level of 467 mg/dL and 
ketosis. After admission, regular insulin (RI) was administered 
subcutaneously 4–5 times per day, and once-daily neutral 
protamine Hagedorn (NPH) insulin was injected. Upon 
discharge, he was injected with 10 units of NPH per day. 
Although it was not certain whether this patient had neonatal 
diabetes due to a monogenic cause or T1D, he was the first 
published case of pediatric diabetes in Korea.

The second case, reported in Dong-a Ilbo on December 18, 
1962, was a 10-year-old girl with polyphagia, polydipsia, and 
polyuria. After the diagnosis of DM, the patient was treated with 
RI.9)

In 1966, the first case of diabetic ketoacidosis (DKA) with 
coma was published in the Journal of Korean Pediatric Society.10) 
This 13-year-old male patient was diagnosed with DM in 1953, 

which was the earliest diagnosis of DM in Korea. The patient 
had severe DKA at admission to Seoul National University 
Hospital with a total CO2 of 6.1 mEq/L and showed Kussmaul 
respiration and comatose mentality. For the treatment of 
DKA, subcutaneous and intravenous injections of RI were 
administered, followed by subcutaneous RI injection every 4 
h along with fluid therapy. After 2 hours of DKA treatment, 
his mental state started to improve, and after 24 hours, his 
general condition improved and he began to eat. After acute 
management of DKA, NPH, and RI were administered once per 
day for glycemic control. Although there are slight differences 
between past and current DKA management, insulin and fluid 
therapy remain the cornerstone of management of DKA.

After these initial case reports, several more cases were 
reported in academic journals.11-15)

Changes in insulin treatment among pediatric 
patients with diabetes

Formal records on the first use of insulin in children and 
adolescents with DM are not available. However, several articles 
in newspapers and journal articles by Japanese researchers 
indicated insulin use during the Japanese colonial period.16) At 
that time in Korea, insulin was imported from abroad, most of 
which was short-acting RI of animal origin. Insulin use in the 
past has been well documented in other literature.

As seen in previous studies on diabetes in children and 

Fig. 1. Timeline of notable events associated with insulin treatment worldwide and in Korea. DCCT, Diabetes Control and Complications Trial; CGM, continuous glucose 
monitoring; DKA, diabetic ketoacidosis.
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adolescents in Korea, NPH and RI were used as treatments 
for diabetes in children and adolescents in the 1950s (Fig. 1). 
Until the 1980s, it was common to treat patients using animal-
derived RI and NPH. In situations such as DKA at diagnosis, 
RI was administered intravenously or subcutaneously. After 
the patient's condition was stabilized, glycemic control 
was managed by administering NPH and/or RI once daily, 
depending on the patient.

In a review article published in 1959, when administering 
more than 20 units of RI per day for adults, it was recommended 
to divide it into 3 doses. To reduce this inconvenience, the 
use of long-acting insulin such as NPH and protamine zinc 
insulin was recommended.17) In addition, side effects including 
hypoglycemia or allergic reactions, such as anaphylaxis 
(especially with protamine zinc insulin), were reported. In 
Korea, there was a case report of a pediatric patient with DM 
with hypoglycemic seizures caused by insulin overdose, which 
resulted in brain damage.13) However, there have been no reports 
of allergic reactions in children and adolescents in the Korean 
literature.

In a review article on pediatric diabetes published in 1968, 
10% of pediatric patients required only NPH or Lente insulin, 
40% required administration of a mixture of NPH or Lente with 
RI once in the morning, and 50% required the administration of 
a mixture of NPH or Lente with RI once in the morning and a 
small amount of NPH or Lente before dinner or at bedtime.18)

A mixed-split regimen, administered a mixture of NPH and RI 
twice a day in children and adolescents with DM, first appeared 
in an article published in 1983.19) This method more closely 
simulates physiological insulin secretion than the conventional 
administration of NPH and RI once a day. According to the 
literature, NPH and RI were administered in the morning and 
evening to control blood glucose levels in patients diagnosed 
in 1979 and 1983. Interestingly, the terminology of 'insulin-
dependent diabetes mellitus' first appeared in this article.

From the mid-1980s, glucometers for self-monitoring of 
blood glucose were distributed and their widespread use began. 
Previously, it had been common to measure glucose in urine, 
but the use of personal glucometers provided a new turning 
point for diabetes management.

Since the late 1980s, the mixed-split regimen has been 
increasingly used. Moreover, from the early 1990s, a regimen 
with 3 injections per day, which administers NPH and RI in 
the morning, RI before dinner, and NPH before bedtime, was 
introduced for some patients. After the results of the Diabetes 
Control and Complications Trial (DCCT) were published in 
1993, multiple daily injections (MDI) were attempted with NPH 
and RI in Korea after the mid-1990s.

Insulin lispro (Humalog, Eli Lilly, Indianapolis, IN, USA), a 
rapid-acting insulin analog created using recombinant DNA 
technology, was released in 1996, imported into Korea in 1998, 
and used in children and adolescents beginning around the 
year 2000. In addition, as insulin glargine (Lantus, Sanofi, Paris, 
France) was developed and imported in 2005, a more modern 
and physiologically similar MDI using an insulin analog was 
used, even in children and adolescents. Since then, various 
types of rapid-acting and long-acting insulin analogs have been 
released, helping to control blood glucose levels in children and 
adolescents with diabetes (Table 1, Fig. 1).

It is unclear when the insulin pump was first used in children 
and adolescents with diabetes in Korea.20) Insulin pumps among 
Korean patients with diabetes seem to have been used since the 
late 1970s and the early 1980s. A study of 33 patients admitted 
to the Department of Pediatrics at Seoul National University 
Hospital between 1967 and 1983 reported that 2 patients used 
an insulin pump.15) One experienced pump failure, which was 
discontinued after 2 years and 6 months of use, and one was in 
use without any problems.

After the DCCT results were published in 1993, intensive 
treatment including MDI became the standard for T1D 

Table 1. Available insulin preparations in Korea*

Type Generic name Brand name Structural change(s)† Year (first launched/
approved in Korea) Approval age‡

Ultrarapid-acting Insulin aspart FiaspⓇ B28; Pro → Asp 2017/2018 ≥2 Years
Insulin lispro-aabc LyumjevⓇ B28/29; Pro/Lys → Lys/Pro 2020/2021 ≥18 Years

Rapid-acting Insulin lispro HumalogⓇ B28/29; Pro/Lys → Lys/Pro 1996/1998 All ages
Insulin aspart NovoRapidⓇ B28; Pro → Asp 1999/2002 ≥1 Year
Insulin glulisine ApidraⓇ B29; Lys → Glu 2004/2005 ≥4 Years

Short-acting Regular insulin Humulin RⓇ - 1982/1987 All ages
Intermediate-acting NPH insulin Humulin NⓇ - 1982/1987 All ages
Long-acting Insulin glargine LantusⓇ A21; Asn → Gly

B30; Added 2 Arg
2000/2004 ≥2 Years

Insulin detemir LevemirⓇ B30 deleted and C14 fatty acid added 2004/2006 ≥1 Year
Insulin glargine U300 ToujeoⓇ A21; Asn → Gly

B30; Added 2 Arg
2015/2015 ≥6 Years

Insulin degludec TresibaⓇ B30 deleted and C16 fatty acid added 2013/2014 ≥1 Year
*Premixed formulations and biosimilar products are not included in this table. †A and B denote A- and B-chain of insulin. Numbers 
following A or B indicate the number of amino acids in the insulin. ‡Approved by Korea Food and Drug Agency as of December 2021.
NPH, neutral protamine Hagedorn.
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management.21) Although there was a slight time lag in the 
introduction of intensive diabetes treatment in Korea, it seems 
to have followed the trend overseas. According to a recent study, 
in Korean children and adolescents with T1D between 2010 
and 2019, conventional insulin therapy decreased from 33.9% 
to 9.0%, and MDI and insulin pumps increased from 63.9% and 
2.1% to 77.0% and 14.0%, respectively.22)

Trends in insulin prescription for pediatric 
patients with diabetes

The change in the total annual insulin prescription cost in 
Korean children and adolescents with diabetes can be found 
from the claims data of the National Health Insurance Service 
(NHIS) (Fig. 2). According to NHIS data, the expenditure for 
insulin for children and adolescents with diabetes aged 0–19 
increased 1.7 times from 1.85 billion Korean won (KRW) in 
2010 to 3.14 billion KRW in 2020. For those aged 0–9 years, 
it increased 2.1 times from 0.16 billion KRW in 2010 to 
0.33 billion KRW in 2020, and for those aged 10–19 years, it 
increased by 1.7 times from 1.69 billion KRW in 2010 to 2.81 
billion KRW in 2020.

Conclusion

The discovery of insulin and the application of genetic 
recombination technology to create insulin analogs have allowed 
people with diabetes to use more effective insulin regimens 
for treatment. Before the discovery of insulin, a diagnosis of 
diabetes was no different from a death sentence, but with the 
advent of insulin, diabetes has become a manageable disease. 
In addition, thanks to advances in technology such as genetic 
recombination technology, continuous glucose monitoring, 
and insulin pumps, diabetes is becoming a more manageable 
disease. If  new types of smart insulin and more advanced 
devices are developed in the future, diabetes can become an 
easier-to-manage disease. If the pathophysiological mechanism 

of diabetes is further elucidated, a more fundamental treatment 
can be expected.23)

Although the incidence rate of childhood and adolescent 
diabetes in Korea is lower than that in other countries, it is 
continuously increasing. Fortunately, the time it takes for 
diabetes-related drugs or medical devices developed in foreign 
countries to be introduced into Korea is decreasing over time. 
Therefore, it is necessary to pay attention to young people with 
diabetes to effectively manage the illness and achieve normal 
growth and development, through the application of these 
medical advances.
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