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ITBOY BIIO Hosocubupckuii 2ocyoapcmeentblii meouyunckui ynueepcumem, Hoeocubupck I
2I'bY3 Hosocubupckoii o6nacmu Topodckas kaunuueckas doavruuya Nel, Hogocubupck

B nocaednue 200vt Habaodaemes pocm pacnpocmpaHeHHOCMU 2eCMayUoHH020 U Manugpecmuozo caxapHoeo duabema (C)
V OepemMeHHbIX HCEHUUH NPU COXPAHAIOUEMCS BbICOKOM YPOBHe aKYUIEPCKUX 0CAOICHEHUIL, HeOHAMAanbHOl 3a001e6aemMocmu,
NepUHAMANbHOU CMEPMHOCIU Y JceHWUH ¢ pazaudnsimu opmamu CI 6 cpasnenuu ¢ nonyaayueil. Taxoce He avi3vieaem
COMHEHUs KOMNACKCHBLI 8KAA0 (hemanbHoe0 nPOSPAMMUPOBAHUS U 2eHEMU1eCcKUX )aKkmopos 8 hopmuposanue pastuuHbix
namosnoeu4eckux cocmosHuil 6 6ydyuwem y demeit, podcdenHoix om mamepei, cmpadarowux CZ1.

Jlokazano crudicenue pucka 603HUKHOBEHUS AKYULEPCKUX 0CAOICHEHUL NPU 0OCTUICEHUU Y008AeMBOPUMENbHO20 KOHMPOS
enukemuu. Yayuwennuiii papmaxokunemuveckuii u ghapmakoouHamuueckui npoguab aHan0208 UHCYAUHA (8 MOM Hucae
MUHUMANbHAA 6aPUADEAbHOCIb 0elicmEUs) N0380A5H0M 00CMU2AMb AYHULIe20 KOHMPOAS eAUKeMUU npu bonee HUBKOM pucke
2Uno2AUKeMULl 8 CDABHEHUU C Heao8eHecKUMU UHCYAuHamu. Kiunuueckue npeumyuecmea dememupa 6vlau noomeepiucoetnl
6 uccaedosanusx y bepemennvix nayuenmok ¢ C/. lememup — eQuHcmeenHblil aHAA02 UHCYAUHA OAUMEAbHOO OeliCEUs,
U3YHAGUIUTICS 8 NPOCHEKMUBHBIX UCCAC008AHUSX Y OePEeMEHHbIX HCeHUWUH — 00KA3an c60l Y0081emEopumenbHulii npoguab
be3onacHocmu, a maKsce 803MONCHOCMb JOCMUNCEHUS 00aee HUZK020 YPOGHS AUKeMUU Hamoujak u 6oavuieli 3peaocmu
na100a Ha MOMeHm poooe.

Karouesole caosa: caxapubiii duabem; bepemeHHOCHb; UHCYAUHOMEPAnUs; 0ememup,; 6apuadesbHoCmb eAuKemMull; pemanvroe
npoepamMmuposanue
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In recent years there is notable growing prevalence of gestational and overt diabetes in pregnant women while rate of obstetric
complications, neonatal morbidity, perinatal mortality in women with diabetes is maintained at the high level as compared with
common population. Furhermore no doubt that fetal programming and genetic factors induce the formation of various longterm
complications in infants of diabetic mothers.

There is a strong evidence that the risk of obstetric complications can be reduced by achieving adequate glycemic control, which
is frequently still an elusive goal. Improved pharmacokinetic and pharmacodynamic profiles of the insulin analogs (including
minimal action variability) allow to achieve a better glycemic control with lower risk of hypoglycemias compared to human
insulin. The clinical benefits of detemir have been confirmed in clinical trials in pregnant women with diabetes. Detemir is the
only long-acting insulin analog that has been evaluated in prospective studies in pregnant women and proved a satisfactory
safety profile and the ability to achieve a lower level of fasting glycemia and advanced maturity of the fetus at delivery.
Keywords: diabetes mellitus; pregnancy; insulin therapy, detemir; glycemic variability, fetal programming

on Diabetes, Hypertension, Metabolic Syndrome  Declaration targets of 1989 [1] to achieve successful

S s shown at the 7th International DIP Symposium  general population. Experts stated that the Saint Vincent

and Pregnancy conducted in Florence from 13 to  carrying of pregnancies in women with DM similar to that

16 March, 2013, the prevalence of diabetes mellitus (DM)  in healthy women have not yet been accomplished. To date,
in pregnant women is increasing, and the rates of neonatal reports regarding insulin therapy have noted that there is
morbidity and perinatal mortality are higher in women little evidence concerning the benefits of using insulin
with different forms of DM compared with those in the analogues during pregnancy; however, their appropriate
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application can play a significant role in achieving
the goals of the Saint Vincent Declaration [2]. These
circumstances highlight the importance of discussing the
potential application of modern insulins in the treatment
of gestational diabetes mellitus (GDM).

Insulin therapy is the basic treatment for type 1 diabetes
(T1D), GDM and type-2 diabetes (T2D) during pregnancy
when the compensation of carbohydrate metabolism and
prevention of complications cannot be solely achieved
by diet interventions and physical activity modifications.
Human insulin preparations have been widely used during
pregnancy, and have been demonstrated to improve the
neonatal and maternal pregnancy outcomes in pregnant
women with DM [3].

The proven benefits of insulin analogues in improving
fasting glycemia (using basal insulin analogues),
postprandial glycemia (using ultra-short-acting insulin
analogues) and HbAlc combined with the lower risk of
hypoglycemia compared with human insulins [4], make
them a superior choice in treating DM in pregnant women.
As a result of thorough evaluations of the efficacy and safety
of insulin analogues, some of them have been approved
for use during pregnancy, including aspart (NovoRapid),
detemir (Levemir) [according to the US Food and Drug
Administration (FDA), both are classified in the pregnancy
risk category B], lispro (Humalog) (pregnancy risk category
B) and glargine (Lantus) (pregnancy risk category C).

Hyperglycemia and pregnancy
outcomes

Monitoring carbohydrate metabolism during
pregnancy is associated with a reduced risk of maternal,
fetal and neonatal complications [5]. The distinctive
features of glycemic control during pregnancy include
excellent glycemic control as early as in the first trimester,
with HbAlc levels maintained during pregnancy as
close to normal values as possible with minimal risk of
hypoglycemia.

Hyperglycemia in the first trimester is the main risk
factor for miscarriage [6-8] and fetal malformations; the
incidence of these outcomes in a group of pregnant women
with T1D was found to be 2—10 times higher compared
with that in the general population [9-11]. The risks of
these events depend on the severity of hyperglycaemia [12,
13] and significantly increase at HbAlc levels being higher
than three standard deviations greater than the HbAlc
levels of healthy women (>6.3%) [14-18].

After the 12th week of gestation, hyperglycemia leads to
hyperinsulinemia of the fetus, fetal growth acceleration and
an increase in the amount of adipose tissue. Macrosomia
(neonate birth weight of >4000—4500 g) occurs in 27%—
62% of pregnant women with DM and is 3—6 times more
common in women with DM than in women without
DM; the incidence of macrosomia in the latter group
is approximately 10% [19]. In turn, macrosomia is
associated with increased incidences of operative delivery
and obstetric trauma, antenatal fetal death and neonatal
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complications, including hypoglycemia, hypertrophic
cardiomyopathy, polycythemia and hyperbilirubinemia
[14]. Long-term follow-up of infants born to mothers
with decompensated carbohydrate metabolism during
pregnancy has demonstrated a more frequent development
of intellectual and psychomotor disorders in these children
[14]. Macrosomia and fetal hyperinsulinemia increase the
risk of obesity and carbohydrate metabolism disorders
during subsequent life [14, 20].

It is a challenging task to achieve the target values
of glycemia during pregnancy. Only 40%—60% of pre-
GDM women manage to achieve stable euglycemia that is
attributed to the presence of additional factors preventing
the corresponding release of insulin relative to the glucose
level during pregnancy. These factors include constantly
changing insulin requirements; decreased insulin
sensitivity resulting from physiological hypercortisolism;
physiological hyperprolactinemia; adipose tissue mass
gain; increased placental insulinase activity (which in turn
contributes to a significant reduction in the elimination
half-life of insulin preparations as well as a need to
increase the frequency of basal insulin injections); a lack
of hypoglycemia awareness; toxicosis phenomena that
contribute to the unbalanced administration of short/ultra-
short-acting insulin doses and carbohydrate intake [21].

Diabetes mellitus and foetal
programming

A population-based cohort study of 1,781,576
singletons born in Denmark was aimed at follow-up of the
infants up to 30 years [22]. An increased risk of malignant
neoplasm was found in children prenatally exposed to
maternal T2D [hazard ratio (HR): 2.2, 95% confidence
interval (CI]: 1.5—3.2]. An increased risk of circulatory
system diseases was found in children exposed to maternal
TI1D (HR:2.2,95% CI: 1.6—3.0), T2D (HR: 1.4, 95% CI:
1.1-1.7) and GDM (HR: 1.3, 95% CI: 1.1-1.6).

Data from large-scale studies have provided evidence
that high birth weight, which is often related to maternal
DM, is associated with increased risk of cancer, including
breast cancer [23], prostate cancer [24], colorectal cancer
[25], endometrial cancer [26], astrocytomas [27-29] and
acute childhood lymphoblastic and myeloid leukemias
[30].

At an early age, infants of mothers with DM have
higher insulin resistance and higher cardiometabolic
risks [31, 32]. The results of long-term trials have showed
a positive correlation between glucose control during
pregnancy in mothers with T1D and fasting glucose, BMI
and systolic blood pressure in the young adults [33]. Thus,
it can be supposed that the mother’s hyperglycemia has a
special prenatal imprinting on their children; that is, fetal
programming and genetic factors may contribute to adverse
health issues later in life in infants of mothers with DM.
In this situation, it is important to take into account any
details that may facilitate adequate control of DM during
pregnancy.
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Glycemic variability, hypoglycemic risk
and pregnancy outcomes

In the first trimester of pregnancy, glucose is actively
absorbed by the developing placenta and peripheral tissues,
and the levels of gluconeogenesis substrates (primarily
amino acids) and, therefore, hepatic glucose production
decrease, leading to a decrease in glycemia, particularly in
the morning. Therefore, these factors are associated with a
10—20% decline in insulin requirement in the first trimester
[34]. As a result, the frequency of severe hypoglycemia
and hypoglycemic coma during the first trimester of T1D
pregnancy may rise almost three and more than two times
versus before gestation, respectively [35].

Severe hypoglycemia in the first trimester is associated
with a history of severe hypoglycemia before gestation, 10
years’ longer DM duration, HbAlc levels of <6.5% and a
0.1 unit/kg higher daily insulin dose [35]. First trimester
hypoglycemia may also result from early gestational
toxicosis and the forced refusal of adequate carbohydrate
intake.

Therefore, the pharmacokinetic characteristics of
basal insulins must be taken into account. For example,
administration of Neutral Protamine Hagedorn (NPH)
insulin at bedtime often causes nocturnal hypoglycemia
due to the pharmacokinetic profile of this insulin, with
peak action at 3—4 h at night. In addition, variability of the
pharmacokinetic and pharmacodynamic profiles of insulin
preparations is one of the main obstacles to achieving
optimal glycemic control [36, 37]. The absorption
variability of NPH insulin from the injection site varies
from 10% to 52%, which explains the unpredictability of its
action and the increased risk of hypoglycemia in pregnant
women [38].

Insulin detemir (Levemir) is characterised by protracted
and flat absorption that results from increased self-assembly
into hexamers in the subcutaneous tissue and reversible
albumin binding via a myristic fatty acid residue attached
to the amino acid lysine B29 [39]. Insulin detemir shows
a slower onset of action, with no pronounced peak, and a
longer duration of action compared with NPH insulin [40,
41].

Pharmacodynamic studies have shown that in T1D and
T2D, insulin detemir has significantly lower variability of
action [41-43] and, therefore, a more predictable glucose-
lowering effect than other basal insulins (Fig. 1). Lower
variability of insulin detemir has also been demonstrated in
several clinical studies of patients with DM [44, 45].

The low variability of detemir absorption is associated
with reduced risk of hypoglycemia compared with NPH
insulin [46]. Clinical trials in patients with T1D and T2D
have shown reduced total rates of hypoglycaemia and
nocturnal hypoglycemia in those using detemir compared
with those using NPH insulin [47-49]. Of great practical
interest is the data from a study conducted in healthy
volunteers showing that administration of detemir leads
to increased symptom response and awareness during
hypoglycemia compared with human insulin [50].
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In addition, glycemic variability was found to be
correlated with diabetic autonomic imbalance [51] and
oxidative stress [52] in patients with TID and T2D.
Previously, oxidative stress was shown to be a leading
factor of the pathogenesis of fetal malformations caused
by hyperglycemia [53, 54]; further, it increases the rates
of spontaneous abortions, recurrent miscarriage, pre-
eclampsia and intrauterine growth restriction [55]. Oxidative
stress induced by glycemic variability may be associated
with the microvascular and macrovascular complications of
DM [56, 57].

It should also be considered that therapy with insulin
analogues improves quality of life, treatment success,
satisfaction and adherence [58], which are of particular
importance in the treatment of DM in pregnant women.
Experts from the International Diabetes Federation have
noted that, given the limited experience in the use of
insulin analogues, the decision on the choice of insulin
medication during pregnancy should be agreed on with
the patient, taking into account the possibility of achieving
better compensation of carbohydrate metabolism during
treatment with the drug [59].

Influence of detemir on body weight

Body weight control when planning pregnancy and
prenatal care in patients with DM is particularly important.
Maternal obesity increases the risk of congenital anomalies
[60, 61] and is also associated with higher risks of adverse
pregnancy outcomes, including arterial hypertension and
pre-eclampsia, GDM, the need for delivery induction,
caesarean section, stillbirth, perinatal mortality,
macrosomia, premature birth, obesity in the childhood and
T2D occurrence in the offspring [61, 62].

Up to one-third of pregnant women experience
excessive weight gain during pregnancy [63]. Weight gain
of more than 16 kg during pregnancy in women with GDM
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Fig. 1. Differences in the pharmacokinetic variability coefficients of
NPH, glargine and detemir insulins [43].
Note: GIR-AUC = glucose infusion rate-area under the curve.
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receiving insulin therapy may increase the risk of large for
gestational age infants by six times [64]. Maternal weight
gain in the first trimester can be used to predict newborn
size more accurately than weight gain in the third trimester.
Specifically, a 1 kg maternal weight gain in the first
trimester corresponds to a 31 g mean increase in newborn
weight (p < 0.0007) and a 1 kg maternal weight gain in the
second trimester corresponds to a 26 g mean increase in
newborn weight (p < 0.007); however, maternal weight gain
in the third trimester is not associated with an increase in
newborn weight [65]. In general, the combination of DM
and obesity during pregnancy significantly contributes to
foetal programming and also has a negative consequence on
subsequent generations (Fig. 2).

Despite the negative impact of obesity on the course and
outcome of pregnancy, it is not recommended for pregnant
women to diet to reduce their body weight. However, in
pregnant women with GDM who are overweight, dietary
energy restriction to 30% of their usual dietary consumption
[66] does not lead to ketosis and does not have any negative
effects [67]. According to the Cochrane Central Register
of Controlled Trials, dietary interventions prevented
excessive gestational weight gain (mean of 1.92 kg, p =
0.03) and reduced the need for caesarean section (relative
risk: 0.75,95% CI: 0.60—0.94, p = 0.013). However, dietary
intervention had no significant effect on birth weight, pre-
eclampsia, GDM or preterm birth [68].

Traditionally, improvements in glycemic control during
insulin therapy are associated with weight gain [69]. Insulin
detemir showed no negative influence on weight gain over
time in T1D [48, 70] and a lower tendency of weight gain
in patients with T2D [49, 71], thus offering additional
benefits in terms of outcomes in the treatment of DM
during pregnancy.

This effect of insulin detemir (Levemir) on body
weight may result from its effect on the brain, as well as
the ability of the central nervous system to help regulate
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Fig. 2. Primary preventive measures of DM/ obesity (adapted from
P.G. Ovesen, D.M. Jensen [eds.], Maternal Obesity and Pregnancy,
Springer-Verlag Berlin Heidelberg, 2012).
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hunger and satiety, hypoglycemia risk reduction, greater
hepatoselectivity, lower lipotropism and the ability to
alleviate deficient incretin function via the increased
secretion of GLP-1 [72-75]. The data obtained in the
analysis of non-pregnant patients with DM suggest new
additional opportunities in the treatment of patients
experiencing difficulties in controlling weight gain during
pregnancy.

Peculiarities of insulin therapy for
gestational diabetes

The prevalence of GDM continues to grow worldwide.
The Hyperglycemia and Adverse Pregnancy Outcomes
(HAPO) Study, one of the largest studies in obstetrics
practice [76], found that the risks of adverse pregnancy
outcomes rise even at maternal glucose levels below those
diagnostic of DM. Based on the results of the HAPO
study, the experts of the International Association of the
Diabetes and Pregnancy Study Groups, as well as those
of the Russian Association of Endocrinologists and the
Russian Society of Obstetricians and Gynaecologists,
began glycemic targets of self-control [77, 78]. According
to these recommendations, in order to minimise the risk of
adverse pregnancy outcomes, one should strive to maintain
fasting glycemia from 3.3 to 5.1 mmol/L before meals and
7.0 mmol/L 1 h after meals.

GDM is characterised by insulin resistance, which is
the major contributor to the pathogenesis of hyperglycemia;
high doses of insulin are required to manage insulin
resistance in some cases, which is accompanied by higher
risk of hypoglycemia.

When prandial correction of glycemia in pregnant
woman with GDM is required, a basal-bolus regimen of
insulin therapy demonstrated benefits versus premixed
insulin preparations and short-acting insulin both in terms
of improved glycemic control and pregnancy outcomes
[79].

During insulin therapy for GDM, achievement of
stable glycemia using insulin medications with narrow
therapeutic windows requires the selection of a drug with
stable pharmacokinetic and pharmacodynamic profiles,
with weakly pronounced peak action, minimal risk of
hypoglycaemia and no negative impact on body weight.

Use of detemir during pregnancy:
evidence-based medicine perspective

The first publications of retrospective analysis data of
cases of detemir treatment during pregnancy appeared in
2009—-2010. Satisfactory maternal and foetal safety profiles
of detemir were demonstrated in a study of 11 women with
TI1D [80, 81]. Detemir was shown to have a lower IGF-1
receptor affinity and, therefore, lower mitogenic potential
compared with human insulin [82]. This suggested its safety
in terms of teratogenesis, which was confirmed by the data
of a recently published clinical trial involving 470 women
with T1D [83].
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In contrast to glargine, the effects of detemir (Levemir)
were studied in pregnant women with TID in a planned
prospective randomised trial that compared the efficacy and
safety of insulin detemir with NPH (both in combination
with insulin aspart) (n = 310) [84]. Randomisation was
performed within 12 months prior to conception (48%) or
at 8—12 weeks of pregnancy (52%).

The results showed that in the treatment of T1D in
pregnant women, insulin detemir was not inferior to
NPH in terms of the degree of achieved carbohydrate
metabolism compensation. The HbAlc levels at the 36th
week of pregnancy (primary endpoint) in the groups
treated with detemir and NPH did not differ significantly
(6.27% and 6.33%, respectively). Additionally, the levels
of fasting glucose were significantly lower in the detemir
group both at the 24th week (5.4 versus 6.3 mmol/L, p =
0.012) and at the 36th week of gestation (4.8 versus 5.4
mmol/L, p=0.017) at comparable rates of mild and severe
hypoglycemia.

Subsequent analysis of the effect of therapy with detemir
and NPH on pregnancy outcomes showed no significant
differences in the incidences of maternal and fetal adverse
pregnancy outcomes (including malformations) [83].
Congenital malformations were detected in eight newborns
in each group (5.6%, n = 8/142 when using detemir and
5.5%, n = 8/145 when using NPH). Further, the incidence
of other adverse events did not differ significantly between
the treatment groups.

The detemir and NPH groups included 128 and 136
live-born infants, 11 and 9 early spontaneous abortions
and 1 and 2 cases of perinatal deaths, respectively. There
were no significant differences in the pregnancy outcomes,
the frequency of spontaneous abortions, the incidence
of pre-eclampsia, malformations, foetal macrosomia,
preterm delivery, stillbirth, perinatal mortality, or neonatal
hypoglycemia. The newborns were delivered at a significantly
older gestational age in the detemir group compared with
that in the NPH group: 38.2 versus 37.8 weeks, respectively
(difference of 0.49 weeks, 95% CI: 0.11-0.88, p = 0.012).
Similar results in terms of delivery at an older gestational
age were obtained in a study comparing T1D therapy during
pregnancy with another insulin analogue, aspart, with
short-acting human insulin [85], which implies advanced
maturity of the fetus at delivery.

A study by Mathiesen et al convincingly demonstrated
that treatment with detemir initiated during the planning of
pregnancy allows to achieve lower levels of fasting glucose
and HbAIlc without increasing the risk of hypoglycaemia
[84]. These figures are extremely important for reducing the
risk of adverse pregnancy outcomes.

Reproductive Health

Conclusions

The results of the world-famous HAPO study [76]
indicated strong, continuous associations of maternal
hyperglycemia less severe than that in DM with risks of
adverse pregnancy outcomes. Additionally, there is no
doubt regarding the association between the degree of
carbohydrate metabolism disorders in pregestational DM
with the risks of malformations, miscarriage and foetal
macrosomia [7, 18, 86].

Meanwhile, achieving near normal glycemic values
during pregnancy is an extremely challenging, and often
elusive task, particularly in T1D. In particular, it is difficult
to imitate the physiological profile of basal and prandial
insulin secretion needed to maintain stable glycemic values,
and the problem of hypoglycemia has not yet been resolved.
There is limited evidence to establish a ‘gold standard’ in
insulin therapy of pregestational DM during pregnancy.

The benefits of insulin detemir (Levemir) considered in
this review may be important when choosing a basal insulin
for DM treatment during pregnancy in clinical practice.
Improved pharmacokinetic and pharmacodynamic profiles
of detemir (including minimal action variability), in
addition to the results of clinical trials on non-pregnant
patients with T1D and T2D, indicate improved glycemic
control with a lower risk of hypoglycemia and neutral
effects on body weight. The clinical benefits of detemir
have been confirmed in pregnant women with DM. These
data formed the basis for the reconsideration and change
of the pregnancy risk category of insulin detemir from C
to B (according to the FDA), as well as the changes to the
information on the medical use of insulin detemir, with
expansion of the indications for use of detemir in pregnant
women (instructions on the application of Levemir®
FleksPen® medication for specialists are available at:
http://www.vidal.ru/poisk_preparatov/levemir-flexpen.
htm).

All of the above add to a powerful argument in favour
of the use of detemir during both the pregnancy-planning
stage to achieve the targets of glycemic control and near
normal levels of HbAlc and during pregnancy, which could
lead to the decreased risk of congenital malformations and
miscarriage.
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