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SUMMARY

Duabetes complicates up to 14% of pregnancies, and with the
rising prevalence of obesity and diabetes in younger population
groups it may become an even greater problem. Poor metabolic
regulation is a precipitating factor for unfavorable pregnancy
outcome or fetal macrosomia. The possible treatment options for
women with diabetes are reviewed, with special reference to
novel treatments.

INTRODUCTION

According to the American Diabetes Association
(ADA), gestational diabetes is defined as any degree of
glucose intolerance with onset or first recognition
during pregnancy (1). This definition also includes
previously unrecognized diabetes or diabetes beginning
concomitantly with the pregnancy. A portion of
pregnant women were also previously known diabetics.
In contrast, the World Health Organization (WHO)
does not distinguish between gestational and
previously known diabetes (2). Gestational diabetes
prevalence is estimated at about 1%-14% of all
pregnancies, depending on the population and the type
of test used (3).
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Women at high risk of gestational diabetes are those
with marked obesity, personal history of gestational
diabetes mellitus, glycosuria, or a strong family history
of diabetes. Women at low risk of gestational diabetes
arc those at the age below 25, normal body weight
before pregnancy, without family history of diabetes or
personal history of glucose intolerance, and without
poor outcome in previous pregnancies. All other women
arc at medium risk. The ADA Clinical Practice
Recommendations advise testing for all high risk
women in early gestation and again between 24™ and
28t week of gestation, and for those at medium risk
only between 24™ and 28" week of gestation. For low
risk women no testing is suggested (3).

Women with gestational diabetes have an increased
incidence of maternal and fetal complications (4). The
frequency of congenital malformations and perinatal
mortality is increased in both types of diabetes (5,6).
The most common fetal complication is macrosomia
(7). Poor glycemic regulation is a precipitating factor
for complications or macrosomia (8-10). Currently, all
efforts are made to achieve the best possible regulation
in all women with gestational diabetes, and the ADA
Clinical Practice Recommendations from 2004 suggest
the following glycemic values: <5.8 mmol/l fasting,
<8.6 mmol/l 1-hour postprandial or <7.2 mmol/l 2-
hour postprandial (3).
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Oral hypoglycemic agents

Sulphonylureas are known to cross the placental
barrier depending on their molecular mass. Three
hours after absorption tolbutamide attains a cumulative
transplancental transfer of 21.5%, chlorpropamide 11%
and glibenclamide (glyburide) only 3.9% (11).
Anecdotal data on fetal malformations after exposure to
sulphonylureas have been reported (12,13), but the
metabolic disorder per se has not been considered as a
possible teratogenic factor (14). Subsequent studies
could not
malformations or higher fetal morbidity in women
treated with glibenclamide/metformin combination

confirm an increased number of

(15). The first large prospective study was the one
conducted by Ravina. In this study, women were
treated with diet,
sulphonylurea and insulin if the desired control could
not thus be achieved. The total number of pregnancies
was 600, of which 102 were treated with metformin and
67 with glibenclamide. No increase in teratogenesis or
nconatal hypoglycemia was observed, and perinatal
mortality was similar in all groups (16). A recent,
randomized and controlled study confirmed that
glibenclamide and insulin were equally successful in
achieving a satisfactory glycemic control, and
pregnancy outcomes were similar (17). Out of 400
women, 200 were treated with glibenclamide and 200

consecutively metformin,

with insulin, glibenclamide being started after the 11
week of gestation (after organogenesis had been
completed).

All these studies raised debate about glibenclamide as
a possible alternative treatment in gestational diabetes.
Nevertheless, it has not yet been accepted as a
standard treatment for fear from malformations or
postpartal neonatal hypoglycemia.

Metformin has recently been used in the treatment of
polycystic ovary syndrome (POS). There are reports on
pregnancies conceived during metformin therapy for
POS. These reports reveal lower incidence of
spontancous abortions, absence of teratogenesis, and
normal children’s growth and development for up to 6
months post partum (18,19). On the other hand, a
Danish study (50 women treated with metformin, 68
with sulphonylurea and 42 with insulin) showed a

significantly higher incidence of preeclampsia in the
metformin group, with higher perinatal mortality in the
last trimester (20).

Acarbose has not been systematically analyzed in the
treatment of pregnant women with diabetes. There is
a report from Mexico on six women in whom glycemic
regulation was achieved with acarbose, and the
pregnancies were completed by deliveries of healthy
babies (21). The potentially unfavorable (although not
proven) influence of acarbose on pregnancy could be
due to the increased amount of starch in the bowels of
the women treated with acarbose. The bacterial
breakdown of starch leads to the accumulation of
butyrate, which could increase the prostaglandin E
secretion, with negative consequences on pregnancy

(22).

PPAR agonists (thiazolidindiones) are novel insulin
sensitizing agents. There are no data on their possible
influence on pregnancy. Iz vitro, they accelerate
biochemical and morphologic differentiation of human
trophoblast (23). As they are also used in the treatment
of POS (24), it is to be expected that pregnancies will
occur in the women treated with thiazolidindiones.

Insulin

Insulin is traditionally the first choice treatment for
diabetes during pregnancy, as it is the most natural
agent for hyperglycemia that cannot be treated with
diet therapy alone. It does not cross the placenta,
except as an insulin-antibody complex (in women who
have developed insulin antibodies) (25,26). Insulin can
cause fetal macrosomia, which is a risk factor for fetal
death, probably due to increased oxygen requirements
(27-29). Fetal macrosomia has been observed in women
with high insulin in cord blood or amniotic fluid (30).
High fetal insulin levels are the consequence of
maternal hyperglycemia rather than insulin treatment,
as glucose crosses placenta and causes fetal
hyperinsulinemia. In women with gestational diabetes
insulin antibody formation has been observed as well as
insulin-antibody passage to fetal circulation, but
without adverse effect on pregnancy compared to
control groups (31). It is uncertain whether the
complexes are metabolically active.

"The purpose of insulin treatment is substitution of its
endogenous secretion. Endogenous secretion is a
complex process which is reliant on meals, physical
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activity and activity of other hormones. In fasting state
there is a steady insulin secretion (basal secretion), and
healthy beta cells can increase their secretion
substantially after meals or stimulation with glucose or
other secretagogues. Imitation of such endogenous
secretion is a demanding task requiring good
collaboration between the patient and medical staff
(32). Conventional intensified insulin treatment
consists of one or two doses of intermediate-acting
insulin and three (preprandial) doses of short-acting
insulin.

The best substitution method is the use of insulin
pumps (33,34). Pump delivers a steady infusion rate for
basal needs, which can be modified for different
requirements during different periods of the day, and
patient determines the dose and the time of bolus
delivery. Disadvantage is the necessity of special
education of both patient and medical staff as well as
high pump cost.

Insulin analogs

In order to achieve the near-normal glycemia, a
subcutaneous applicator of exogenous insulin should
have similar pharmacokinetic properties as insulin
secreted from the pancreas in healthy individuals. This
means rapid rise in insulin concentration after the
application, short duration of peak insulin concen-
trations, and rapid decline in insulinemia after the
application for short-acting insulins and an even
insulinemia without peaks for long-acting insulins.
Purified porcine or human insulin preparations do not
meet these requirements (35,36) (Fig. 1). Therefore,
attempts have been made to remodel insulin molecule
with the purpose of changing its pharmacokinetic
properties into more favorable ones. By changing the
primary amino acid sequence, changes in the tertiary
structure can be achieved, which could influence the
association of molecules as well as the duration of
insulin-receptor binding, which can also lead to an
increased mitogenic action of the insulin analog (37).

In the lispro insulin molecule, the sequence of 28™h
and 29™ molecule is inversed (proline-lysine into
lysine-proline). This results in the modification of the
conformation of the insulin molecule, which becomes
more similar to IGF-1 molecule and the affinity to form
dimers and hexamers decreases (38). The pharma-
cokinetics of lispro insulin is more similar to the insulin
response in healthy individuals (39). The rise in insulin
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concentration is faster than with regular insulin, and
peak concentrations are higher (40,41). Insulin lispro
can better manage postprandial hyperglycemia than
regular human insulin without increasing the risk of
hypoglycemia (42-49). It can lead to moderate
glycemic control improvement (48,50,51) and decrease
in nocturnal hypoglycemia (46), the latter being the
major advantage.

Insulin aspart has the 28™ amino acid in beta chain
(proline) replaced with aspartate, which changes the
polarity and leads to faster dissociation after the
application. The pharmacokinetic and pharmacody-
namic profile of insulin aspart resembles that of lispro
insulin, although minor differences exist (52). The
affinity for IGF-1 receptor and mitogenicity of insulin
aspart are similar to human insulin (37).

Figure 1. Pharmacokinetics of endogenous insulin
secretion and exogenous human insulin.
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In clinical studies, insulin aspart given immediately
before the meal was more successful than regular
insulin 30 minutes prior to meal in reducing post-
prandial hyperglycemia (53-56) and number of
nocturnal hypoglycemic episodes (55,56).

The pharmacokinetic properties of regular human
insulin and rapid-acting analogs are shown in Table 1.

The third rapid-acting analog, glulisine, has lysine at
B3 position and glutamine at B29 position. The
mitogenic and metabolic properties are similar to
human insulin (57). The pharmacokinetic and pharma-
codynamic properties of glulisine are comparable to
lispro insulin (58).
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Table 1. Pharmacokinetic properties of regular human
insulin and rapid-acting analogs

Peak
Onset of plasma Duration of
Type of insulin action values action
Regular human 30-60 1-2 hours  4-6 hours
insulin minutes
Insulin lispro 1.5'30 1-2 hours 2-4 hours
minutes
Insulin aspart 1.0'20 1-2 hours 2-4 hours
minutes

Human insulin preparations with intermediate
duration of action are aimed to cover the basal insulin
requirements (fasting and between meals). There are
two basic types: NPH (Neutral-Protamine-Hagedorn)
and zinc-insulin. These long-acting insulin prepara-
tions are associated with two major problems. Both are
suspensions and thorough mixing prior to use is critical,
which bears the possibility of mistake (59). Also, there
are significant inter- and intraindividual differences in
the absorption rates and bioavailability (60-63).
Neither of the preparations can cover the basal insulin
requirements for the entire 24-hour period (64,65). In
the multiple injection therapy regimen with regular
insulin, the prolonged action of regular insulin also
covers the basal insulin needs between meals during
the day. A special problem is the unfavorable
pharmacokinetic profile of NPH insulin. The peak
action of NPH insulin occurs 5-7 hours after the
application (66). If the evening dose is given before
bed time (around 10.00 p.m.), the peak action will
occur between 3.00 and 5.00 a.m., when the need of
insulin is lowest, bearing a high risk of hypoglycemia. In
patients with type 1 treated with multiple injection
therapy, about 50% of all hypoglycemic episodes occur
during the night. Between 5.00 and 8.00 a.m., insulin
sensitivity and insulin concentration decrease, which
leads to the dawn phenomenon (67,68). Glargine is a
human insulin analog with prolonged action. The
molecule of glargine has the isoelectric point of pH 6.7,
in contrast to pH 5.4 of human insulin. A modification
has been made on the C-terminal end of B-chain,
whereto arginine molecules have been added, and
glycine at A-21 position has been substituted with
arginine. The pH of the preparation is 4.0, at which
glargine is completely soluble. At a more neutral pH of
the tissue microprecipitation takes place, which delays
resorption. Resorption is also additionally delayed by a
small amount of zinc added (69,70).

Glargine has the same affinity for insulin receptor as
human insulin, whereas the affinity for IGF-1 receptor
is 3- to 14-fold greater, however, without known clinical
significance (37). After subcutaneous application
glargine reaches its maximum activity after 4-5 hours,
which then remains even without pronounced peaks
(71) (Fig. 2). The main advantage of glargine used in
intensified therapy is the lower incidence of severe and
nocturnal hypoglycemias (72-76).

Figure 2. Pharmacokinetics of human NPH insulin and
insulin glargine.
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Another long-acting insulin analog is detemir, which is
currently in phase III clinical trials. In the detemir
molecule the threonine at B30 position is removed, and
myristoyl fatty acid is acylated to lysine at B29. Its
prolonged action is believed to be due to a combination
of hexamer formation and reversible albumin binding.
About 98% of detemir in plasma are bound to albumin,
and only the free fraction can activate insulin receptor.
Detemir is soluble at neutral pH, and subcutancous
depot remains in soluble state, which makes the
resorption surface larger and diminishes resorption
variability (77). Detemir has a lower receptor affinity
than human insulin, and even lower IGF-1 affinity and
mitogenic potential (37). It has been demonstrated
that detemir needs to be given in four-fold equimolar
NPH insulin doses to achieve the same hypoglycemic
potential (78). No interactions with other albumin-
bound drugs have been observed (79). Detemir has
lower intraindividual pharmacokinetic variability than
NPH insulin (80). Detemir also has a relatively
stronger effect on the liver than on peripheral tissues
(81,82).
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The pharmacokinetic properties of long-acting
human insulin and long-acting analogs are shown in

Table 2.

Table 2. Pharmacokinetic properties of long-acting
human insulin and long-acting analogs

Peak
Onset of plasma Duration of
Insulin type action values action
Ultratard HM 4 hours 8-24 hours  18-28 hours
Novo
Glargine 4-5 hours - > 24 hours
Detemir 4-6 hours - 20 hours

Lispro is the only insulin analog that has been
adequately studied in pregnancy.

One of the first studies is from 1999, with 42
pregnant women randomized to receive lispro or
regular insulin. With lispro insulin the areas under the
curve (AUQ) for glucose, insulin and C-peptide were
smaller, and the frequency of hypoglycemias was lower.
HbAlc, and fasting and postprandial blood glucose
revealed similar regulation in both groups. Neither
lispro nor regular insulin was found in the cord blood,
and the level of insulin antibodies was equal in both
groups. No fetal malformations or neonatal abnor-
malities were observed in either group (83).

Neither did another, retrospective study (138
pregnancies treated with regular insulin and 75 treated
with lispro) show any unfavorable pregnancy outcomes
or fetal malformations with lispro insulin. HbAlc in
the lispro group was significantly lower, and patients
were more satisfied with the treatment (84). The
second retrospective study in 33 pregnant patients
treated with lispro and 27 treated with regular insulin
did not show any higher risk of malformations or
unusual pregnancy outcomes in patients treated with
lispro ecither (85). The third retrospective study
summarized pregnancy outcomes for 78 pregnancies
treated with lispro insulin. The frequency of abortion,
congenital malformations, perinatal mortality, glycemic
control and retinopathy progression was similar to other
large studies in pregnant women with diabetes (86).

Persson ez al. report on a multicentric, randomized
open study of metabolic regulation in 33 pregnant type
1 patients (17 treated with regular and 16 with lispro
insulin). In the lispro group the frequency of severe
hypoglycemia was lower, but there were significantly
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more biochemical hypoglycemic episodes. HbAlc
values did not significantly differ between the two
groups, and so did not other complications, the method
of delivery or fetal complications (87).

One of the significant points when initiating lispro
treatment in pregnancy was the rate of retinopathy
progression, as there have been some observations of its
possible acceleration (88). Two studies were so
designed and conducted as to investigate the
occurrence and progression of retinopathy in lispro
treated pregnancies, and found neither accelerated
progression nor more frequent retinopathy
development (89,90).

Insulin aspart was tested in only one study in women
with gestational diabetes. It was compared with regular
insulin or diet treatment, in its capacity to lower
postprandial glycemia. Regular insulin was given 30
minutes and lispro 5 minutes prior to meal. The AUC
for glucose did not significantly differ between the
regular insulin and diet group, whereas with aspart it
was significantly smaller (91).

There is only one report on the use of glargine in
pregnancy. The patient with type 1 had frequent,
severe nocturnal hypoglycemic episodes and her NPH
was substituted for glargine. The frequency of
hypoglycemia could be reduced by maintaining a
satisfactory metabolic control. The patient had
previously been free from retinopathy and it did not
occur during pregnancy. Pregnancy was terminated by
normal vaginal delivery of a healthy baby, which was not
macrosomic, and apart from transient (<48 hour tube
feeding) hypoglycemia had no adverse postpartal
events (92).

CONCLUSION

The aim of diabetes treatment in pregnancy is
normoglycemia. Fetal malformations and macrosomia as
well as other related complications can be avoided by
maintaining glycemia within the normal values. If basic
treatment with diet and exercise does not result in the
desired level of glycemic control, the treatment of
choice is human insulin, applied as intensified
treatment.

With the rising prevalence of obesity and type 2
diabetes in younger population groups, more
pregnancies are to be expected in women with
undiscovered diabetes (but already with poor
metabolic regulation) as well as in women treated with
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various peroral hypoglycemic agents. Therefore
intensive counseling in younger women with type 2
diabetes regarding preconception regulation is of
utmost importance in order to achieve good regulation
with agents compatible with pregnancy. Also, all efforts
should be made to diagnose as many cases of type 2
diabetes as possible prior to pregnancy in the
population of young women who are at risk of
developing diabetes (especially those who are obese).
The data available do not suggest an increased risk of

REFERENCES
1. Metzger BE, Coustan DR, eds. Proceedings of the

Fourth International Workshop - Conference on
Gestational Diabetes mellitus. Diabetes Care
1998;21(Suppl 2):B1-B167.

2. WHO. Definition, diagnosis and classification of
diabetes mellitus and its complications. Report of a
WHO Consultation, Part 1: Diagnosis and
classification of diabetes mellitus. WHO/NCD/
NCS/99.2, Geneva: WHO, 1999.

3. American Diabetes Association. Gestational diabetes
mellitus. Diabetes Care 2003;26(Suppl 1):S103-
S105.

4. Karlsson K, Kjellmer I. The outcome of diabetic
pregnancies in relation to the mother's blood sugar
level. Am ] Obstet Gynecol 1972;112:213-220.

5. Hawthorne G, Robson S, Ryall EA, Sen D, Roberts
SH, Ward Platt MP. Prospective population based
survey of outcome of pregnancy in diabetic women:

results of the Northern Diabetic Pregnancy Audit,
1994. BM] 1997:315:279-281.

6. Schaefer-Graf UM, Buchanan TA, Xiang A, Songster
G, Montoro M, Kjos SL. Patterns of congenital
anomalies and relationship to initial maternal fasting
glucose levels in pregnancies complicated by type 2
and gestational diabetes. Am ] Obstet Gynecol
2000:182:313-320.

malformations in patients treated with glibenclamide
or in those treated with metformin in early pregnancy,
however, its use is not recommended.

Rapid-acting insulin analogs are a possible alternative
to regular human insulin. The clinical data available as
well as animal and 7z vitro models provide no evidence
for possible adverse effects on either the fetus or
pregnancy outcome.

Data on long-acting analogs are very sparse, so these
analogs cannot be recommended in pregnancy for the
time being.

7. Langer O, Mazze R. The relationship between large-
for-gestational-age infants and glycemic control in
women with gestational diabetes. Am ] Obstet
Gynecol 1988;159:1478-1483.

8. Mello G, Parretti E, Mecacci E Lucchetti R, Lagazio
C, Pratesi M, Scarselli G. Risk factors for fetal
macrosomia: the importance of a positive oral
glucose challenge test. Eur ] Endocrinol

1997;137:27-33.
9. Adams KM, Li H, Nelson RL, Ogburn PL ]r,

Danilenko-Dixon DR. Sequelac of unrecognized
gestational diabetes. Am ] Obstet Gynecol
1998;178:1321-1332.

10. Bevier WC, Fischer R, Jovanovic L. Treatment of
women with an abnormal glucose challenge test
(but a normal oral glucose tolerance test) decreases

the prevalence of macrosomia. Am ] Perinatol
1999;16:269-275.

11. Elliott BD, Schenker S, Langer O, Johnson R,
Prihoda T. Comparative placental transport of oral
hypoglycemic agents in humans: a model of human

placental drug transfer. Am ] Obstet Gynecol
1994;171:653-660.

12. Piacquadio K, Hollingsworth DR, Murphy H.
Effects of in-utero exposure to oral hypoglycaemic
drugs. Lancet 1991;338:866-869.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

B. Novak, |. Pavlié-Renar, Z. Metelko / TREATMENT OF DIABETES DURING PREGNANCY

Hellmuth E, Damm P, Molsted-Pedersen L.
Congenital malformations of offspring of diabetic
women treated with oral hypoglycaemic agents
during embryogenesis. Diabet Med 1994:11:471-
474.

Martinez-Frias ML, Rodriguez-Pinilla E, Bermejo
E. Correlation between drug exposure and major
malformations. Am ] Med Genet 1997;70:99-101.

Coctzee EJ, Jackson WP. The management of non-
insulin dependent diabetes during pregnancy.
Diabetes Res Clin Pract 1985-86;1:281-287.

Ravina A. Non-insulin dependent diabetes of
pregnancy treated with the combination of
sulfonylurea and insulin. Isr ] Med Sci 1995;31:623-
625.

Langer O, Conway DL, Berkus MD, Xenakis EM,
Gonzales O. A comparison of glyburide and insulin
in women with gestational diabetes mellitus. N
Engl ] Med 2000;343:1134-1138.

Jakubowicz D]J, Tuorno MJ, Jakubowicz S, Roberts
KA, Nestler JE. Effects of metformin on carly
pregnancy loss in the polycystic ovary syndrome. |
Clin Endocrinol Metab 2002;87:524-529.

Glueck CJ, Wang P, Goldenberg N, Sieve-Smith L.
Pregnancy outcomes among women with polycystic
ovary syndrome treated with metformin. Hum
Reprod 2002;17:2858-2864.

Hellmuth E, Damm P, Molsted-Pedersen L. Oral
hypoglycaemic agents in 118 diabetic pregnancies.
Diabet Med 2000;17:507-511.

Zarate A, Ochoa R, Hernandez M, Basurto L.
Effectiveness of acarbose in the control of glucose
tolerance worsening in pregnancy. Ginecol Obstet
Mex 2000;68:42-45. (in Spanish)

Kast RE. Acarbose related diarrhea:
butyrate upregulates prostaglandin E. Inflamma-
tion Res 2002;51:117-118.

increased

Schaiff WT, Carlson MG, Smith SD, Levy R,
Nelson DM, Sadovsky Y. Peroxisome proliferator-
activated receptor-gamma modulates differen-
tiation of human trophoblast in a ligand-specific
manner. ] Clin Endocrinol Metab 2000;85:3874-
3881.

Diabetologia Croatica 33-1, 2004

24.

25.

26.

27.

28.

29.

30.

31.

32.

Ghazeeri G, Kutteh WH, Bryer-Ash M, Haas D, Ke
RW. Effect of rosiglitazone on spontancous and
clomiphene citrate-induced ovulation in women

with polycystic ovary syndrome. Fertil Steril
2003;79:562-566.

Menon RK, Cohen RM, Sperling MA, Cutfield WS,
Mimouni E Khoury JC. Transplacental passage of
insulin in pregnant women with insulin-dependent
diabetes mellitus. Its role in fetal macrosomia. N

Engl ] Med 1990;323:309-315.

Weiss PA, Kainer E Purstner P, Zehetleitner G,
Huttner U, Haas J. Anti-insulin antibodies and
birth weight in pregnancies complicated by
diabetes. Early Hum Dev 1998:3:145-154.

Mimouni E Miodovnik M, Siddigi TA, Khoury ],
Tsang RC. Perinatal asphyxia in infants of insulin-
dependent  diabetic Pediatr
1988;113:345-353.

mothers. ]

Dollberg S, Marom R, Mimouni FB, Yeruchimovich
M. Normoblasts in large for gestational age infants.
Arch Dis Child 2000;83:F148-F149.

Greene ME  Oral hypoglycemic drugs for
gestational diabetes. N Engl ] Med 2000:343:1178-
1179.

Carpenter MW, Canick JA, Hogan JW, Shellum C,
Somers M, Star JA. Amniotic fluid insulin at 14-20
weeks' gestation: association with later maternal

glucose intolerance and birth macrosomia. Diabetes
Care 2001;24:1259-1263.

Balsells M, Corcoy R, Mauricio D, Morales ],
Garcia-Patterson A, Carreras G, Puig-Domingo M,
de Leiva A. Insulin antibody response to a short
course of human insulin therapy in women with
gestational diabetes. Diabetes Care 1997;20:1172-
1175.

Pavli¢-Renar I, Metelko Z. Antidijabetici (inzulin i
oralni antidijabetici). In: Josip Djelmis et al., eds.
Lijekovi u trudnodi i laktaciji. Zagreb: J. Djelmis,
2003.

Simmons D, Thompson CE Conroy C, Scott D]J.
Use of insulin pumps in pregnancies complicated
by type 2 diabetes and gestational diabetes in a
multiethnic community. Diabetes Care 2001;24:
2078-2082.



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

10

B. Novak, I. Pavli¢-Renar, Z. Metelko / TREATMENT OF DIABETES DURING PREGNANCY

Pickup J, Keen H. Continuous subcutanecous
insulin infusion at 25 years - evidence base for the
expanding use of insulin pump therapy in type I
diabetes. Diabetes Care 2002;25:593-598.

Zinman B. The physiological replacement of
N Engl ] Med

insulin: an elusive goal.

1989;321:363-370.

Brange |, Owens DR, Kang S, Volund A. Monomeric
insulins and their experimental and clinical
implications. Diabetes Care 1990;13:923-954.

Kurtzhals P, Schaffer L, Sorensen A, et al.
Correlations of receptor binding and metabolic and
mitogenic potencies of insulin analogs designed for
clinical use. Diabetes 2000;49:999-1005.

Heise T, Heinemann .. Rapid and long-acting
analogues as an approach to improve insulin
therapy: an evidence-based medicine assessment.
Curr Pharmaceut Design 2001;7:1303-1325.

Heinemann L, Heise T, Jorgensen LN, Starke AAR.
Action profile of the rapid acting insulin analogue:
human insulin B28Asp. Diabet Med 1993;10:535-
539.

Howey DC, Bowsher RR, Brunelle RL, Woodworth
JR. [LYS(B28)PRO(B29)]-Human insulin, a rapidly
adsorbed analog of human insulin. Diabetes
1994;43:396-402.

Milic¢evi¢ Z, Profozi¢ V, Wyatt ], Risti¢ S,
Woodworth JR, Seger M, Kaliterna D, Bates P,
Metelko Z. Intramuscular injection of insulin lispro
or soluble human insulin; pharmacokinetics and

glucodynamics in type 2 diabetes. Diabet Med
2001;18:562-566.

Heinemann L, Heise T, Wahl LC. Prandial
glycaemia after a carbohydrate-rich meal in type |
diabetic patients: using the rapid acting insulin
analogue [Lys(B28), Pro(B29)] human insulin.
Diabet Med 1996;13:625-629.

Pampanelli S, Torlone E, Lalli C, et al. Improved
postprandial metabolic control after subcutaneous
injection of a short-acting insulin analog in IDDM
of short duration with residual pancreatic beta-cell
function. Diabetes Care 1995;18:1452-1459.

44.

46.

47.

48.

49.

50.

51.

53.

. Anderson JH Jr,

. Lindholm A, Jacobsen LV. Clinical

Anderson JH, Brunelle RL, Keohane P. Mealtime

treatment  with insulin analogue improves
postprandial hyperglycemia and hypoglycemia in
patients with non-insulin-dependent diabetes

mellitus. Arch Intern Med 1997;157:1249-1255.

RL, Koivisto VA.
Improved mealtime treatment of diabetes mellitus

Brunelle

using an insulin analogue. Clin Ther 1997;19:62-72.

Holleman E Schmitt H, Rottiers R. Reduced
frequency of severe hypoglycacmia and coma in
well-controlled IDDM patients treated with
insulin lispro. Diabetes Care 1997;20:1827-1832.

Ahmed AB, Home PD. Optimal provision of
daytime NPH insulin in patients using the insulin
analog lispro. Diabetes Care 1998;21:1707-1713.

Lalli C, Ciofetta M, Del Sindaco P. Long-term
intensive treatment of type 1 diabetes with the
short-acting insulin analogue lispro in variable
combination with NPH insulin at mealtime.

Diabetes Care 1999;22:468-477.

Gale EA. A randomized, controlled trial comparing
insulin lispro with human soluble insulin in
patients with type 1 diabetes on intensified insulin
therapy. Diabet Med 2000;17:209-214.

Del Sindaco P, Ciofetta M, Lalli C, et al. Use of the
short-acting insulin analogue lispro in intensive
treatment of type 1 diabetes mellitus: importance
of appropriate replacement of basal insulin and
time-interval  injection-meal.  Diabet  Med

1998;15:592-600.

Ebeling P, Jansson P, Smith U, Lalli C, Bolli GB,
Doivisto VA. Strategies toward improved control
during insulin lispro therapy in IDDM. Diabetes
Care 1997;20:1287-1289.

pharma-
cokinetics and pharmacodynamics of insulin aspart.
Clin Pharmacokinet 2001;40:641-659.

Tamas GY, Marre M, Astorga R. Glycaemic control
in type 1 diabetic patients using optimised insulin
aspart or human insulin in a randomised
multinational study. Diabetes Res Clin Pract

2001;54:105-114.



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

B. Novak, |. Pavlié-Renar, Z. Metelko / TREATMENT OF DIABETES DURING PREGNANCY

Lindholm A, McEwen J, Riis AP. Improved
postprandial glycemic control with insulin aspart. A
randomized double-blind cross-over trial in type 1
diabetes. Diabetes Care 1999;22:801-805.

Raskin P, Guthrie RA, Leiter L. Use of insulin
aspart, a fast-acting analog, as the mealtime insulin
in the management of patients with type 1
diabetes. Diabetes Care 2000; 23:583-588.

Home PD, Lindholm A, Riis A. Insulin aspart vs.
human insulin in the management of long-term
blood glucose control in type 1 diabetes mellitus: a
Diabet Med

randomised controlled  trial.

2000;17:762-770.

Rakatzi I, Ramrath S, Ledwig D, Dransfeld O,
Bartels T, Seipke G, Eckel J. A novel insulin analog
with unique properties: LysB3,GluB29 insulin
induces prominent activation of insulin receptor
substrate 2, but marginal phosphorylation of insulin
receptor substrate 1. Diabetes 2003;52:2227-2238.

Becker RHA, Frickl AD, Wessels DH, Scholtz HE.
the pharmacodynamic
pharmacokinetic profiles of insulin glulisine - a
novel, rapid-acting, human insulin analogue.
Diabetologia 2003;46:A-268.

Evaluation of and

Jehle PM, Micheler C, Jehle DR. Inadequate
suspension of neutral protamine Hagedorn (NPH)
in pens. Lancet 1999;354:1604-1607.

Binder C. Absorption of injected insulin. Acta
Pharmacol Toxicol 1969;27(Suppl 2):1-84.

Lauritzen T, Pramming S, Deckert T, Binder C.
Pharmacokinetics of continuous subcutaneous
insulin infusion. Diabetologia 1983;24:326-329.

Lauritzen T, Faber OK, Binder C. Variation in
insulin absorption and blood glucose concentration.
Diabetologia 1979;17:291-295.

Lauritzen T, Pramming S, Gale EAM, Deckert T,
Binder C. Absorption of isophane (NPH) insulin
and its clinical implications. BM]J 1982;285:159-
162.

Hildebrandt P, Berger A, Volund A, Kuhl C. The
subcutancous absorption of human and bovine
ultralente insulin formulations. Diabet Med

1985;2:355-359.

Diabetologia Croatica 33-1, 2004

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Francis AJ, Hanning I, Alberti KGMM. Human
ultralente insulin: a comparison with porcine lente
insulin as a twice daily insulin in insulin-dependent

diabetic patients with fasting hyperglycaemia.
Diabetes Res Clin Pract 1986;3:263-268.

Heinemann L, Richter B. Clinical pharmacology of
human insulin. Diabetes Care 1983;16(Suppl
3):90-100.

Lorenz RA, Santiago ]V, Sicbert C, Cleary PA,
Heyse S. Epidemiology of severe hypoglycemia in
the Diabetes Control and Complications Trial. Am
J Med 1991;90:450-459.

Bendtson I. Nocturnal hypoglycacmia in patients
with insulin-dependent diabetes mellitus. Dan
Med Bull 1995;42:269-284.

Bolli GB, Owens DR. Insulin glargine. Lancet
2000;356:443-445.

Bolli GB, Marchi RD, Park GD. Insulin analogues
and their potential in the management of diabetes

mellitus. Diabetologia 1999;42:1151-1167.

Dreyer M, Pein M, Schmidt Chr, Heidtmann B,
Schlunzen M, Rosskamp D. Comparison of the
pharmacokinetics/dynamics of Gly(A21)-Arg(B31,
B32)-human-insulin (HOE71GT) with NPH-
insulin following subcutaneous injection by using
euglycaemic  clamp  technique  (abstract).

Diabetologia 1994;37(Suppl 1):A78.

Ratner RE, Hirsch IB, Neifing JL., Garg SK, Mecca
TE, Wilson CA, et al. Less hypoglycemia with
insulin glargine in intensive insulin therapy for type
1 diabetes. Diabetes Care 2000;23:639-643.

Raskin P, Halle J-P, Klaff L, Donley D, Bergenstal
R, Mecca T. 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
2000;23:1666-1671.

Schoenle E, HOE 901/3003 Study Group. Insulin
glargine (HOE 901) lowers fasting blood glucose in
children with type I diabetes mellitus without
increasing the risk of hypoglycemia (abstract).
Diabetologia 1999;42(Suppl 1):A235.

11



75.

76.

77.

78.

79.

80.

81.

82.

83.

12

B. Novak, I. Pavli¢-Renar, Z. Metelko / TREATMENT OF DIABETES DURING PREGNANCY

Yki-Jarvinen H, Ziemen M, Dressler A, HOE
901/3002  Study  Group. Less nocturnal
hypoglycemia and better post-dimer glucose
control with bedtime insulin glargine compared
with bedtime NPH insulin during insulin
combination therapy in type 2 diabetes. Diabetes
Care 2000;23:1130-1136.

Rosenstock J, Donley DW, Schwartz SL., Edwards
MB, Clark CM Jr, Park GD. Basal insulin therapy in
type 2 diabetes: 28-week comparison of insulin
glargine (HOE 901) and NPH insulin. Diabetes
Care 2001;24:631-636.

Hamilton-Wessler M, Ader M, Dea M. Mechanism
of protracted metabolic effects of fatty acid
acylated insulin, NN304, in dogs: retention of
NN304 by albumin. Diabetologia 1999;42:1254-
1263.

Brunner GA, Sendhofer G, Wutte A.
Pharmacokinetic and pharmacodynamic properties
of long-acting insulin analogue NN304 in

comparison to NPH insulin in humans. Exp Clin
Endocrinol Diabetes 2000;108:100-105.

Kurtzhals P, Havelund S, Jonassen I, Markussen J.
Effect of fatty acids and selected drugs on the
albumin binding of a long-acting, acylated insulin
analogue. ] Pharmaceut Sci 1997;86:1365-1368.

Strange P, McGill ], Mazzeo M. Reduced
pharmacokinetic variability of a novel, long-acting
insulin analog. Diabetes 1999;48:A103.

Hamilton-Wessler M, Buchanan TA, Haahr H.
Suppression of splanchnic glucose production by
insulin detemir in humans reflects change in NEFA
availability. Diabetologia 2001;44:A207.

Hordern V, Wright J, Umpleby M. Stable isotope
studies show effect of insulin detemir and NPH on
hepatic glucose output and peripheral glucose

uptake after subcutancous administration in
healthy subjects. Diabetes 2001;50:A504.

Jovanovic L, Ilic S, Pettitt DJ, Hugo K, Gutierrez
M, Bowsher RR, Bastyr E] 3rd. Metabolic and
immunologic effects of insulin lispro in gestational
diabetes. Diabetes Care 1999;22:1422-1427.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Bhattacharyya A, Brown S, Hughes S, Vice PA.
Insulin lispro and regular insulin in pregnancy. Q ]
Med 2001;94:255-260.

Scherbaum WA, Lankisch MR, Pawlowski B,
Somville T.
retrospective analysis of 33 cases and matched

Insulin lispro in pregnancy -

controls. Exp Clin Endocrinol Diabetes
2002;110:6-9.
Masson EA, Patmore JE, Brash PD, Baxter M,

caldwell G, Gallen IW, Price PA, Vice PA, Walker
JD, Lindow SW. Pregnancy outcome in type 1

diabetes mellitus treated with insulin lispro
(Humalog). Diabet Med 2003;20:46-50.

Persson B, Swahn ML, Hjertberg R, Hanson U,
Nord E, Nordlander E, Hansson LO. Insulin lispro
therapy in pregnancies complicated by type 1
diabetes mellitus. Diabetes Res Clin Pract

2002;58:115-121.

Kitzmiller JL,, Main E, Ward B, Theiss T, Peterson
DL. Insulin lispro and the development of

proliferative diabetic retinopathy during pregnancy.
Diabetes Care 1999;22:874-875.

Loukovaara S, Immonen I, Teramo KA, Kaaja R.
Progression of retinopathy during pregnancy in type
1 diabetic women treated with insulin lispro.
Diabetes Care 2003:26:1193-1198.

Buchbinder A, Miodovnik M, McElvy S, Rosenn B,
Kranias G, Khoury ], Siddiqi TA. Is insulin lispro
associated with the development or progression of
diabetic retinopathy during pregnancy? Am ]
Obstet Gynecol 2000;183:1162-1165.

Pettitt DJ, Ospina P, Kolaczynski JW, Jovanovic L.
Comparison of an insulin analog, insulin aspart, and
regular human insulin with no insulin in gestational
diabetes mellitus. Diabetes Care 2003;26:183-186.

Devlin JT, Hothersall L, Wilkis JL. Use of insulin
glargine during pregnancy in a type 1 diabetic
woman. Diabetes Care 2002;25:1095-1096.



