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SUMMARY
It has been an entire century since the introduction of insulin into clinical practice, which, among other, 
led to improvements of fertility and pregnancy outcomes of women suffering from gestational diabetes. 
The prevalence of diabetes worldwide and in Serbia is high and tends to increase as a consequence of 
modern lifestyle. Nevertheless, modern diagnostic and therapeutic approaches enable people with 
diabetes to achieve and complete pregnancies without adverse outcomes. Gestational diabetes can 
be considered as non-communicable disease and efforts should be made to determine its effects on 
offspring. In the context of COVID-19 pandemic, diabetes mellitus was identified as an important risk 
factor for severe forms of the disease.
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INTRODUCTION

Just under 100 years ago, in 1923, Banting and 
MacLeod received a Nobel Prize for the dis-
covery of insulin and just over 100 years ago, 
Banting reported the discovery to the American 
Society of Physiology [1]. This marked the end 
of the so-called pre-insulin era in diabetes [1]. 
Although, the terminology of diabetes mellitus 
is commonly believed to originate from ancient 
Greece, it was in 1822 in Britain that it was rec-
ognized as a separate clinical entity [2]. The 
word ‘diabetes’ did find its place in the ancient 
Greek medical literature in the second century 
AD, and famous Avicenna gave the description 
of the increase in appetite and diabetic gan-
grene at the end of the first millennia AD, and 
the Aretaeus was thought to be the one intro-
ducing the term ‘mellitus’ [1, 2]. 

The discovery of the pathophysiological 
mechanisms in diabetes and insulin itself was a 
long process, which included numerous anato-
mists, pathophysiologist, and biologists. The 
reports on diabetes after the pancreatectomy in 
dogs fueled the further discoveries on the topic 
[2]. This work has paved the route for Banting 
and Best and has enabled the discovery of such 
an important and widely used treatment that 
insulin is today [1, 2].

THE SLOW DECREASE IN MORTALITY 
AFTER THE INTRODUCTION OF INSULIN

Before the discovery of insulin, the diagnosis 
of diabetes, especially of type 1 diabetes, was 
a death sentence for the patients, with only 
vague ideas on the possibilities for treatment 
and control. The study conducted in the 1960s 
also showed significantly higher mortality rates 
among patients with diabetes compared to the 
general population, decades after the introduc-
tion of insulin [3]. Nonetheless, throughout the 
decades after the introduction of insulin, the 
mortality declined, but between 1945 and 1967 
in which the above-mentioned study was pub-
lished, the decline in mortality was not observed 
[3]. The improvement in treatment led to the 
astonishing decline in mortality from 827 per 
1000 before the insulin era to 1 per 1000 in the 
1960s [4]. Significant factor that attributed to 
the decline in mortality from diabetes was the 
discovery and widespread use of antibiotics, so 
the infections, as a cause of death among patients 
with diabetes were reduced [4]. As diabetes be-
came chronic and more controlled illness, most 
of deaths in the 1960s were associated with car-
diovascular and renal illnesses, whose propor-
tion in the total death among patients with dia-
betes increased from around 25% to more than 
75%, mainly due to reduction in deaths from 
acute causes, like ketoacidosis and infections [4]. 
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Newer data shows the further decline in diabetes mor-
tality, although its incidence is rising [4]. The introduc-
tion of the intensive insulin treatment has significantly 
contributed to this, although the effect of socioeconomic 
status, still cannot be ignored [4]. 

RECOGNITION OF DIABETES IN PREGNANCY 

Even before the discovery of insulin, diabetes in pregnancy 
was described and recognized as a risk factor for the late 
pregnancy losses, macrosomia and different congenital 
malformations [5], especially in the late 19th century, 
including both gestational diabetes and pre-gestational 
diabetes although their clinical distinction was not well 
established. 

Pre-gestational diabetes was in the pre-insulin era as-
sociated with typical symptoms of poor glycemic control: 
primary or secondary amenorrhea, oligo or hypomenor-
rhea, hypoplasia of the genital tract, and functional ste-
rility. The fertility of these patients was about 2%, while 
today it is equal to that of women without diabetes of the 
same age [6]. 

Diabetes in pregnancy was described in the 19th cen-
tury as well, in a 22-year-old Berlin woman who developed 
symptoms of diabetes during her fifth pregnancy, as she 
had given birth to unusually large children in the previous 
two pregnancies. The child was born alive, unusually large, 
but died shortly after birth, while the mother gradually 
recovered [7]. 

At the turn of the century, researchers had already be-
gun describing the diabetes in pregnancy in published 
literature, and until 1908, there were total of 57 cases de-
scribed. Diabetes in pregnancy during the late 19th and 
early 20th century was associated with high maternal and 
high neonatal mortality, with the half of the mothers and 
two thirds of newborns dying at childbirth [8]. 

THE FIRST STEPS IN TREATMENT OF DIABETES IN 
PREGNANCY 

As the discovery of insulin changed the lives of all patients 
with diabetes, it changed lives of patients with diabetes in 
pregnancy as well, and in the first decade of the introduc-
tion of insulin, the first report of total of 43 successful term 
pregnancies among women with diabetes was published 
in 1927 [9]. Nonetheless, in took decades to achieve the 
adequate and timely diagnosis and introduction of treat-
ment among pregnant women with diabetes to achieve 
the low mortality that we have today. Maternal mortal-
ity is very low nowadays, but in the 1940s, one out of 20 
pregnant women with diabetes died during pregnancy 
and/or childbirth, which decreased to 1–3% in the 1950s. 
Neonatal mortality was even higher and was around 40% 
in the 1940s and decreased to 5% in 1980s. Nowadays, 
women with diabetes are considered conditionally healthy, 
with normal fertility, with a slightly higher risk of morbid-
ity and mortality compared to healthy pregnant women, 

but we are still fighting to decrease the perinatal mortality 
as it remains statistically significantly higher even in the 
most optimal conditions [10]. 

DEVELOPMENT OF THE DIAGNOSTIC CRITERIA 

The first set of gestational diabetes diagnosis criteria were 
introduced in 1964, by O’Sullivan and Mahan, with the aim 
of establishing the risk of diabetes after pregnancy, using 
the 100g Oral Glucose Tolerance Test [5]. These criteria 
included the establishment of cut-off for blood glucose 
levels at the more than two standard deviations above the 
population mean [5]. These criteria were later changed 
and improved in 1980 and 1982, first by Metzger and then 
by Carpenter and Coustan [5]. This was followed by the 
International Workshop conferences on diabetes in preg-
nancy and, more recently, The Hyperglycemia and Adverse 
Pregnancy Outcomes Study, that specifically aimed to shift 
the established criteria for diagnosis of gestational diabetes 
mellitus (GDM) from the risk of development of maternal 
diabetes later in life to assessment of the level of hypergly-
cemia associated with the adverse pregnancy outcomes, 
both maternal and neonatal [5]. 

This was in accordance with the knowledge established 
even earlier when Karlsson and Kjelmer [11] showed the 
association between the poor neonatal outcomes and the 
hyperglycemia in pregnancy with the association between 
the perinatal outcomes and increase in maternal glycemic 
values. The pathophysiological basis of macrosomia was 
also described at the time. 

DIABETES IN PREGNANCY TODAY

Along with the increase in the prevalence of diabetes in 
the general population worldwide, there is the increase in 
the prevalence of diabetes in pregnancy and data shows 
that one in every six pregnancies worldwide is affected by 
maternal hyperglycemia [12]. Today, the research is fo-
cused on the most adequate approach to screening, diag-
nosing and treatment of diabetes in pregnancy, especially 
lowering the future risks for both mother, and neonates, 
through direct effects of hyperglycemia, but also through 
its epigenetic effects. 

The possibilities for diagnosis or prediction of mater-
nal diabetes earlier in pregnancy have been examined in-
cluding the commonly used biomarkers like hemoglobin, 
hematocrit, fasting blood sugar, and red blood cell count 
[13], but also newly developed methods, like the possibili-
ties for the use of artificial intelligence algorithms [14]. 
The possibilities for preventing the development of GDM 
through introduction of Mediterranean diet and exercise 
in early pregnancy along with the use of metformin and 
even probiotics are also examined in order to minimize the 
possible effects of all levels of maternal hyperglycemia on 
neonatal outcomes [15]. 

In the context of current Coronavirus Disease 2019 
(COVID-19) pandemic a many questions have been raised 
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about its potential harm to the mother and fetus. Moreover, 
some parallels between the increase in prevalence of non-
communicable disease after the 1918 Influenza pandemic 
were made in the context of current COVID-19 pandemic 
[16]. A large multinational study proved that insulin-de-
pendent GDM was associated with COVID-19, while dia-
betes and obesity were risk factors for COVID-19 diagnosis 
in pregnancy [17] Another multicenter study investigated 
whether GDM represents an independent risk factor for 
adverse pregnancy outcomes in women with SARS-CoV-2 
and confirmed same results [18]. These findings have shed 
additional light on pathophysiology of COVID-19 in adult 
population. 

CONCLUSION

The prevalence of diabetes is increasing worldwide and 
in Serbia, as a consequence of poor diet, lack of exercise, 
and chronic stress. Nevertheless, modern diagnostic and 
therapeutic approaches enable people with diabetes to 
achieve and complete pregnancies without adverse out-
comes. GDM can be considered as a non-communicable 
disease and efforts should be made to determine its effects 
on the offspring. In the context of COVID-19 pandemic, 
diabetes mellitus was identified as an important risk factor 
for severe forms of the disease. 

Conflict of interest: None declared.

REFERENCES 

1. Vecchio I, Tornali C, Bragazzi NL, Martini M. The Discovery of 
Insulin: An Important Milestone in the History of Medicine. Front 
Endocrinol. 2018;9:613. [DOI: 10.3389/fendo.2018.00613]  
[PMID: 30405529]

2. Blaslov K, Naranđa FS, Kruljac I, Renar IP. Treatment approach 
to type 2 diabetes: Past, present and future. World J Diabetes. 
2018;9(12):209–19. [DOI: 10.4239/wjd.v9.i12.209] [PMID: 
30588282]

3. Wales JK. The natural history of diabetes mellitus. Pract Diabetes 
Int. 1967;6(1):4–5.

4. Secrest AM, Washington RE, Orchard TJ. Mortality in Type 1 
Diabetes. Diabetes Am. 2018;1–16. [PMID: 33651546]

5. Lane A. ‘Gestational Diabetes’. Embryo Project Encyclopedia 
(2020-11-17). Available from: https://embryo.asu.edu/pages/
gestational-diabetes#:~:text=Although%20evidence%20of%20
non%2Dgestational,a%20case%20of%20gestational%20diabetes.

6. Macut D, Milutinović DV, Rašić-Marković A, Nestorov J, Bjekić-
Macut J, Stanojlović O. A decade in female reproduction: an 
endocrine view of the past and into the future. Hormones 
(Athens). 2018;17(4):497–505. [DOI: 10.1007/s42000-018-0073-x] 
[PMID: 30421155]

7. Dukan E, Milne I. History of diabetes. J R Coll Physicians Edinb. 
2011;41(4):376–7. [DOI: 10.4997/jrcpe.2011.419] [PMID: 22282971]

8. Roland S. Cron, Glycosuria during pregnancy. American Journal of 
Obstetrics and Gynecology. 1920;1(3):276–87.  
[DOI: 10.1016/S0002-9378(20)90129-1]

9. Noorden C, Isaac S. „Die Zuckerkrankheit und ihre Behandlung“. 
8th ed. Berlin: Springer; 1927.

10. 10. Quintanilla Rodriguez BS, Mahdy H. Gestational Diabetes. 
[Updated 2022 Sep 6]. In: StatPearls. Treasure Island (FL): 
StatPearls Publishing; 2022 Jan-. Available from: https://www.ncbi.
nlm.nih.gov/books/NBK545196/

11. 11. Karlsson K, Kjellmer I. The outcome of diabetic pregnancies in 
relation to the mother’s blood sugar level. Am J Obstet Gynecol. 
1972;112(2):213–20. [DOI: 10.1016/0002-9378(72)90118-4]  
[PMID: 5008447]

12. 12. Xu Q, Zhou Q, Yang Y, Liu F, Wang L, Wang Q, et al. Maternal 
Pre-conception Body Mass Index and Fasting Plasma Glucose With 
the Risk of Pre-term Birth: A Cohort Study Including 4.9 Million 
Chinese Women. Front Reprod Health. 2021;3:622346.  
[DOI: 10.3389/frph.2021.622346] [PMID: 36304061]

13. 13. Shaarbaf Eidgahi E, Nasiri M, Kariman N, Safavi Ardebili N, 
Salehi M, Kazemi M, et al. Diagnostic accuracy of first and early 
second trimester multiple biomarkers for prediction of gestational 
diabetes mellitus: a multivariate longitudinal approach. BMC 
Pregnancy Childbirth. 2022;22(1):13.  
[DOI: 10.1186/s12884-021-04348-6] [PMID: 34983441]

14. 14. Shen J, Chen J, Zheng Z, Zheng J, Liu Z, Song J, et al. An 
Innovative Artificial Intelligence-Based App for the Diagnosis of 
Gestational Diabetes Mellitus (GDM-AI): Development Study. J 
Med Internet Res. 2020;22(9):e21573.  
[DOI: 10.2196/21573] [PMID: 32930674]

15. 15. Retnakaran R. Diabetes in pregnancy 100 years after the 
discovery of insulin: Hot topics and open questions to be 
addressed in the coming years. Metabolism. 2021;119:154772. 
[DOI: 10.1016/j.metabol.2021.154772] [PMID: 33838145]

16. 16. Easterlin MC, Crimmins EM, Finch CE. Will prenatal exposure 
to SARS-CoV-2 define a birth cohort with accelerated aging in the 
century ahead? J Dev Orig Health Dis. 2021;12(5):683–7.  
[DOI: 10.1017/S204017442000104X] [PMID: 33168125]

17. 17. Eskenazi B, Rauch S, Iurlaro E, Gunier RB, Rego A, Gravett MG, 
et al. Diabetes mellitus, maternal adiposity, and insulin-dependent 
gestational diabetes are associated with COVID-19 in pregnancy: 
the INTERCOVID study. Am J Obstet Gynecol. 2022;227(1):74.e1-
74.e16. [DOI: 10.1016/j.ajog.2021.12.032] [PMID: 34942154]

18. 18. Kleinwechter HJ, Weber KS, Mingers N, Ramsauer B, Schaefer-
Graf UM, Groten T, et al. COVID-19-Related Obstetric and Neonatal 
Outcome Study (CRONOS) Network. Gestational diabetes mellitus 
and COVID-19: results from the COVID-19-Related Obstetric 
and Neonatal Outcome Study (CRONOS). Am J Obstet Gynecol. 
2022;227(4):631.e1-631.e19. [DOI: 10.1016/j.ajog.2022.05.027] 
[PMID: 35580632]

Todorović J. et al.



  

115

Srp Arh Celok Lek. 2023 Jan-Feb;151(1-2):112-115 www.srpskiarhiv.rs

САЖЕТАК 
Прошло је тачно 100 година од открића инсулина и његовог 
увођења у свакодневну клиничку праксу, што је довело до 
повећања фертилитета жена са дијабетесом, и побољшања 
исхода трудноћа компликованих дијабетесом. Преваленција 
дијабетеса у свету и у Србији је висока са тенденцијом по-
раста, што је последица савременог начина живота. Ипак, 
захваљујући савременим приступима у дијагностици и те-

рапији, жене са дијабетесом могу да остваре трудноће без 
нежељених исхода. Гестацијски дијабетес се може посматра-
ти као хронична незаразна болест и потребно је уложити на-
поре да се одреде његови утицаји на потомство. У контексту 
пандемије ковида 19, дијабетес мелитус је препознат као 
значајан фактор који је повезан са тешким формама болести. 

Кључне речи: дијабетес; историја; откриће; инсулин
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