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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Gestational diabetes mellitus (GDM) is chronic hyperglycemia 

during gestation in women without previously diagnosed 
diabetes. This hyperglycemia is caused by impaired glucose 
tolerance due to pancreatic β-cell dysfunction in the setting 
of chronic insulin resistance. GDM has been found to affect 
approximately 4-16.5% of pregnant women worldwide. 
The large range of prevalence is associated with different 
approaches to the diagnosis of gestational diabetes, which are 
addressed in recent organizational documents but have not 
yet been introduced into wide clinical practice, and therefore 
prevalence figures vary between countries, as well as between 
regions of one country. Studies have shown that overweight 
and obese patients or people with a family history of any form 
of diabetes are more likely to have GDM and the incidence of 
GDM increases with the age of the pregnant woman. It has 
been proven that half of the cases of GDM occur as a relapse 
in a subsequent pregnancy. Consequences of GDM include an 
increased risk of maternal cardiovascular disease and type 2 
diabetes, as well as macrosomia and birth complications in the 
infant. There is also a long-term risk of obesity, type 2 diabetes, 
and cardiovascular disease in the child.

Conclusion: Despite the fact that management strategies, 
insulin therapy, and behavioral therapy have been discussed for 
a long time, the effectiveness of these methods is insufficient. 
This review discusses what is currently known about the 
epidemiology, pathophysiology of GDM, and maternal and 
child outcomes.

Keywords. Gestational diabetes, pregnancy, epidemiology, 
pathophysiology, effects on the mother, effects on the fetus.
Introduction. 

Gestational diabetes mellitus (GSD) is a formidable 
complication of pregnancy in which an increased level of 
glycemia leads to severe consequences for the child and mother. 
The high prevalence of this condition explains the growing 
relevance of studying all aspects of this pathology. According 
to the report of the International Diabetes Federation (IDF) for 
2019, 12.8% of pregnant women suffer from it worldwide [1]. 
Overweight and obesity, a family history of diabetes, a history 
of stillbirth, a history of abortions, chronic hypertension and 
previous GSD, malnutrition, macro, and micronutrients were 
recognized as risk factors [2-4]. In most cases, glycemia may 
return to normal after childbirth, but short- and long-term 
consequences include an increased risk of type 2 diabetes, 

cardiovascular diseases, and the development of obesity, which 
affects the health of the population as a whole [5,6].

In some studies, it has been demonstrated that the recurrence 
of gestational diabetes was repeated in subsequent pregnancies 
in about half of the cases [7,8]. For example, the total recurrence 
rate of GSD was 48%. A significant relationship was found 
between ethnicity and the frequency of recurrent GSD [9].

Treatment strategies, including diet, exercise, and insulin 
therapy, do not meet the expectations of most specialists due to 
the low effectiveness and adherence of patients. Insulin therapy 
is often limited due to insulin resistance [10].
Epidemiology.

According to the Atlas of the International Diabetes Federation, 
in 2019, the prevalence of hyperglycemia in pregnant women 
was about 15.8%, of which 83.6% of cases were associated with 
GSD [11]. The diagnosis of GSD has been undergoing changes 
in recent years. Studies of maternal glycemia and glucose 
metabolism in childhood by HAPO conducted in 2000-2008 
set the task of revising the WHO diagnostic criteria for GSD. 
It turned out that among the observed women, unfavorable 
pregnancy outcomes increased in direct proportion, starting 
with a significantly lower level of glycemia than was accepted 
at that time as a criterion of GSD [12]. Back in 2008-2010, the 
International Association of Diabetes and Pregnancy Study 
Groups (IADPSG) proposed for discussion new criteria for 
the diagnosis of GSD, which were independently adopted by 
the USA, Japan, Germany, Israel [13,14]. These criteria are 
given in internationally recognized documents of organizations 
such as the World Health Organization, the American Diabetes 
Association, and the European Association for the Study of 
Diabetes [15,16]. In Kazakhstan, in 2022, the Association 
of Endocrinologists of Kazakhstan under the leadership of 
Bazarbekova R.B. has already released the sixth edition of 
the "Consensus on the diagnosis and treatment of diabetes 
mellitus", which takes into account all the updated criteria of 
GSD. According to this document, GSD is set during PGTT 
(oral test with a load of 75 grams of glucose) with fasting plasma 
glycemia more than or equal to 5.1 and less than 7.0 mmol/l, an 
hour after the load – more than or equal to 10 mmol/l, after 2 
hours no more or equal to 8.5 mmol/l [17].

In the light of the new recommendations, prevalence studies 
have already been conducted in which diagnosis is carried out 
according to updated criteria. However, studies of pregnant 
women with GSD in Kazakhstan are still insufficient.
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A recent analysis of 51 population studies of 5,349,476 
pregnant women conducted in 2019 showed that the 
cumulative overall prevalence of GSD, regardless of the type 
of threshold screening categories, was 4.4%. At the same time, 
the cumulative overall prevalence of GSD at the diagnostic 
threshold used in the IADPSG criteria was 10.6%, which is 
the highest prevalence of GSD among the included studies. 
It turned out that the prevalence of GSD among studies that 
used the IADPSG criteria was significantly higher (6-11 times) 
than in other subgroups. The highest and lowest prevalence of 
GSD, regardless of screening criteria, was recorded in East Asia 
(11.4%) and Australia (3.6%), respectively [18].

In 2018, the prevalence of GSD in the United States of 
America among 8185 women was found to be equal to 7.6%. 
Mexican American women (compared to non-Hispanic whites), 
most had a family history of diabetes or were obese, and they 
also had a higher age-standardized prevalence of GSD. Among 
women with a history of GSD, 19.7% were subsequently 
diagnosed with diabetes mellitus, they also had a family history 
of diabetes and obesity and was associated with a lower level of 
education and income [19]. Another large-scale American study 
of 12,610,235 women showed an increase in GSD from 2011 
to 2019 of all indicators of gestational diabetes in all racial and 
ethnic subgroups from 47.6 to 63.5 per 1,000 live births. The 
level of gestational diabetes was highest in participants of Asian 
origin, the indicator of gestational diabetes was 129.1 per 1000 
live births [20].

In Europe, the prevalence situation was different depending 
on the regions. The overall weighted prevalence of GSD in 24 
European countries was estimated at 10.9%. At the same time, 
higher prevalence values were observed in Eastern and Southern 
Europe than in Northern and Central Europe. The prevalence 
of GSD was highest in Eastern Europe (31.5%), followed by 
Southern Europe (12.3%) Western Europe (10.7%) and Northern 
Europe (8.9%). The prevalence of GSD was 2.14 times higher 
in pregnant women with maternal age ≥30 years (compared 
with 15-29 years), 1.47 times if the diagnosis was made in the 
third trimester (compared with the second trimester), and 6.79 
times in obese women and 2.29 times in overweight women 
(compared to normal weight) [21].

In the Eastern Mediterranean region, 33 studies involving 
887,166 people showed that the overall prevalence of GSD was 
11.7%. An analysis of the situation in six countries showed that 
the cumulative prevalence in Saudi Arabia was 3.6 times higher 
than in Israel (17.6 vs. 4.9%), and in Pakistan, Qatar, Bahrain, 
and Iran — 15.3%, 14.7%, 12.2% and 8.6%, respectively 
[22]. Another study analyzing data from 2000-2019 with the 
inclusion of 279,202 women from the Middle East and North 
Africa region showed an increase in the prevalence of GSD 
from 10.6% in studies conducted before 2009 to 14.0% in 
studies conducted later [23].

The prevalence of GSD in Turkey was calculated as 7.7%. It 
was noted that the highest combined prevalence of GSD was 
17.6% in the Black Sea region, and the lowest was 5.1% in the 
Central Anatolian region. The most frequent risk factors were 
the elderly age of the mother, overweight before pregnancy, 
weight gain during pregnancy, diabetes in the family, a history 
of GSD or the birth of a large child [24].

Studies conducted in India in 2019 revealed significant 
differences in the prevalence of gestational diabetes depending 
on the state, socio-economic status and demographic factors. A 
survey of 1,746 pregnant women with an average age of 24.3 
years showed a weighted prevalence of gestational diabetes 
adjusted for age-1.3%. The prevalence of gestational diabetes 
increased with age, from 1.0% aged 15 to 19 years to 2.4% aged 
35 years and older. The age-adjusted prevalence of gestational 
diabetes was higher among women with a body mass index of 
27.5 and higher (1.8%); compared with women with a body 
mass index of less than 18.5 (0.8%). Researchers explain such 
low prevalence figures by insufficient diagnosis of GSD at the 
primary stage, the non-use of modern methods for detecting 
gestational diabetes [25]. At the same time, other studies in 
India, for example, in the state of Tamil Nadu, revealed the 
prevalence of GSD in three conditions: 17.8% in cities, 13.8% 
in suburbs and 9.9% in rural areas, which is more close to the 
truth and confirmed by similar studies [26-28].

The combined prevalence of GSD in Africa was 13.61% and 
14.28% in sub-Saharan Africa. The prevalence was highest in 
the subregions of Central Africa — 20.4% and lowest in the 
subregions of North Africa — 7.57%. The study data also showed 
that overweight and obesity, macrosomia, family history of diabetes, 
a history of stillbirth, a history of abortions, chronic hypertension 
and previous GSD are positively associated with GSD [29].

According to recent researchers in Asia, the overall prevalence 
of GSD according to the latest data was 11.5%. The prevalence 
of GSD in Asian countries with lower or higher middle income 
was about 64% higher than in high-income countries, and 
the one-stage screening method was twice as often used for 
the diagnosis of GSD compared to the two-stage screening 
procedure [30].

The overall incidence of GSD in mainland China was higher 
and amounted to 14.8% when analyzing studies with a total of 
79,064 pregnant women examined. The analysis of the subgroups 
also showed that age, body weight and family history of diabetes 
mellitus can significantly increase the incidence of GSD [31].

According to a few epidemiological studies in Russia, it was 
found that GSD complicates the course of pregnancy in 2-9.2% 
of cases [32,33].

In Kazakhstan, data on the prevalence of gestational diabetes 
are few. One study is available where the complications 
of GSD were assessed in 66 women; the manifestation of 
gestational hypertension was revealed in 36.1%, preeclampsia 
was diagnosed in 14.8%, it was also revealed that disorders of 
uteroplacental and fetoplacental blood flow, diabetic fetopathy, 
preterm labor, predominance of labor induction and intranatal 
trauma were more common in the group of pregnant women 
with GSD [34].
Pathogenesis.

In GSD, the most important factor is considered to be the loss of 
the ability of beta cells to adequately determine the concentration 
of glucose in the blood or release a sufficient amount of insulin 
in response (beta cell dysfunction). Studies have shown that 
pancreatic cells containing significant glycogen stores showed 
increased apoptosis, that is, the onset of cell destruction, while 
beta cells containing no glycogen were protected [35]. 
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Β-cell dysfunction is aggravated by insulin resistance. A 
decrease in insulin-stimulated glucose uptake also contributes to 
hyperglycemia, overloading beta cells, which in response must 
produce additional insulin. The direct contribution of glucose to 
β-cell failure is described as glucose toxicity [36]. Thus, as soon 
as β-cell dysfunction begins, a vicious cycle of hyperglycemia, 
insulin resistance and further β-cell dysfunction begins.

The role of hyperlipidemia is also important in the pathogenesis 
of GSD. When studying the placenta using microchip profiling 
of women with type 1 diabetes and GSD, it was found that 
diabetes was associated with 49 changes in gene expression 
at key stages of placental energy metabolism, while 67% of the 
changes were associated with lipid pathways and 9% of the changes 
were associated with glucose pathways. Predominant activation of 
lipid genes was observed during pregnancy with GSD [37]. 

It is claimed that the production of placental leptin increases 
with GSD, probably as a result of the placenta's resistance to 
insulin, which further contributes to hyperleptinemia. It is also 
believed that it facilitates the transport of amino acids through 
the placenta, contributing to fetal macrosomia [38].

No small importance is attached to failures in the work of 
antioxidant systems [39]. Thus, homocysteine levels were 
significantly increased in women with GSD compared to 
women without GSD. This evidence was more consistent when 
measuring homocysteine in the second trimester and for women 
over 30 years of age [40].
Consequences of GSD for the mother. 

Patients with GSD have higher rates of maternal and perinatal 
morbidity. GSD is an independent risk factor for the future 
long-term risk of developing type 2 diabetes mellitus (DM2), 
metabolic syndrome, cardiovascular diseases, malignant 
neoplasms, ophthalmological, mental and renal diseases in the 
mother. Long-term adverse effects on the health of offspring 
include DM2, subsequent obesity, effects on the outcomes of the 
development of the nervous system, increased neuropsychiatric 
morbidity and ophthalmological diseases [41].

In 2019, an analysis of studies involving 1,332,373 people 
showed that women with a history of GSD had a risk of 
developing DM2 almost 10 times higher than women with 
normoglycemic pregnancy. In populations of women with 
previous GSD, the cumulative incidence of DM2 was 16.46% 
in women of mixed ethnicity, 15.58% in the predominantly non-
white population, and 9.91% among the white population [42].

In a recent study in Kazakhstan, when studying the outcomes 
of pregnant women with 4 types of diabetes, it turned out that 
gestational diabetes mellitus, in comparison with other types 
of diabetes, causes premature rupture of fetal membranes 
more. Some types of maternal pregnancy complications were 
registered in almost 85% of the examined patients with diabetes 
in the cohort. Noteworthy in this study is the relative favorable 
outcome of pregnancy for children, the average score on the 
Apgar scale was above 7. Fetal malformations were most 
common in women with pre-existing diabetes who did not 
require insulin therapy. At the same time, 36.85% of children 
had early neonatal complications [43].

It is indicative of the observation of 435 women with GSD 

after childbirth for 5.7 years, which showed that 28% of them 
developed metabolic syndrome. However, 13% of them had this 
syndrome within one year after pregnancy, in addition, 8% were 
diagnosed with manifest diabetes after pregnancy [44]. 

An analysis of the consequences of 4,928 deliveries of 
patients with GSD found higher rates of cardiovascular 
morbidity, including non-invasive cardiological diagnostic 
procedures, simple cardiovascular events and the total number 
of hospitalizations for cardiovascular diseases [45].

A retrospective cohort study conducted in 2019 found that 
the frequency of outcomes of patients with GSD with good 
glycemic control and GSD with poor glycemic control was as 
follows: DM2 -38% and 57%; arterial hypertension 18% and 
20%; obesity 48% and 58%; and dyslipidemia 29% and 48%, 
respectively, which indicates about the need for good glycemic 
control and the risks of complications [45].

There is also a risk of neoplasms. A long-term cohort study of 
753 women in New Zealand who underwent a glucose test at 13 
weeks of pregnancy found a positive association between higher 
glucose levels and an increased risk of breast cancer [46]. However, 
another broader study of African women on the association of 
breast cancer with GSD showed negative results [47].

Israeli scientists observed 37926 women and found five cases 
of pancreatic cancer in women with gestational diabetes. The 
interval between the registration of diabetes mellitus during 
pregnancy and the diagnosis of pancreatic cancer ranged 
from 14-35 years. The subjects with a history of gestational 
diabetes showed a relative risk of pancreatic cancer of 7.1, 
which indicates that GSD is closely associated with the risk of 
developing cancer in this category of women [48]. 

When studying the frequency of long-term maternal 
ophthalmological diseases in a cohort of women with GSD, it 
was shown that patients with GSD had a significantly higher 
frequency of ophthalmological diseases, such as glaucoma, 
diabetic retinopathy and retinal detachment, compared with the 
control group [49].

As a result of a study of 97,968 women, it was found that GSD 
is a significant risk factor for renal pathology in the mother 
in the future. The risk was more significant for patients with 
recurrent episodes of GSD [50].

Data from a recent Greek cohort study established a close 
relationship between gestational diabetes and perinatal 
depressive symptoms [51].
Consequences of GSD for a child. 

Studies have shown that the risk of obesity, metabolic 
syndrome, type 2 diabetes and impaired sensitivity and insulin 
secretion in the offspring of mothers with GSD is two to eight 
times higher than in the offspring of mothers without GSD. 
The main pathogenetic mechanisms underlying the abnormal 
metabolic risk profile in offspring are unknown, but epigenetic 
changes caused by exposure to maternal hyperglycemia during 
intrauterine life are assumed [35,52]

Of particular importance is fetal macrosomia, defined as 
birth weight ≥ 4000 g, found in 12% of newborns from normal 
women and from 15 to 45% of newborns from women with 
GSD. It is believed that the intake of excess glucose to the fetus 



50

after insulin resistance leads to fat deposits, causing macrosomia. 
For a child, macrosomy increases the risk of shoulder dystocia, 
collarbone fractures and brachial plexus injury and increases the 
frequency of hospitalizations to the neonatal intensive care unit [53].

In the study of 298 offspring of mothers with GSD and 
impaired glucose tolerance, the BMI of offspring of mothers 
with GSD was significantly higher when analyzed by age. In the 
offspring of mothers with GSD, risk factors for cardiovascular 
diseases were positively correlated with age, with the exception 
of the lipid profile [54]. 

A recent CANDLE study confirmed that maternal obesity 
before pregnancy, excessive gestational weight gain and GSD 
individually and collectively predict rapid growth and obesity at 
the age of 4 years in offspring, regardless of race [55].
Conclusion

We have conducted a review on gestational diabetes over 
the past 5-10 years, perhaps it has limitations since there is a 
huge amount of research on this issue. We found out that the 
prevalence of gestational diabetes is increasing all over the 
world and there is a lot of undiagnosed GSD. The pathogenesis 
of this disease is still ambiguous and requires additional study. 
Due to the rapid growth of diabetes worldwide, it is necessary 
to take into account that GSD, according to most studies, 
generates diabetes in mother and child, which makes a negative 
contribution to the overall picture of the diabetes pandemic. 
Large cohort studies and meta-analyses indicate the importance 
of prevention and timely treatment of this disease due to the 
dangerous consequences for mothers and their offspring. 
We found that very few studies on gestational diabetes are 
conducted in Kazakhstan, although the Consensus reflects 
special diagnostic criteria that meet international standards. 
More research is needed because GSD complicates the course 
of pregnancy and has severe consequences for public health.
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