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ABSTRACT

The prevalence of all types of diabetes mellitus is increasing worldwide. Diabetes is a common metabolic
complication of pregnancy. For many years, pregnancy complicated by type 1 diabetes was associated
with a particularly poor prognosis, and while this has changed dramatically over the last 2 decades, a lot
has yet to be done. The continuous relationship between the maternal glucose level and the prevalence
of pregnancy complications is well-documented. The list of outcomes includes congenital malformations,
stillbirths, neonatal mortality, macrosomia, hypoglycemia, and many others. Several new therapeutic and
monitoring tools have become available over the recent years, for example, short- and long-acting insulin
analogs, personal pumps, and continuous glucose monitoring systems. Interestingly, pregnancy planning
and preconception education proved to be particularly effective in improving glycemic control in type 1
diabetic women and achieving therapeutic goals recommended by clinical guidelines. This resulted in
the reduction of some maternal and neonatal pregnancy outcomes reported from various populations, but
despite this remarkable progress the prevalence of the most common complication, neonatal macrosomia,
is still substantially higher than in the newborns of mothers without diabetes. The likely causes of this
phenomenon are short episodes of hyperglycemia, particularly postprandial ones, liberal diet, maternal
obesity, and substantial weight gain during pregnancy — these potential reasons should be addressed
in clinical practice. In the future, new therapeutic devices, such as close-loop insulin pumps, may help

further improve the prognosis in pregnant women with type 1 diabetes.

Introduction  Pregnancy complicated by diabetes
constitutes a challenge for diabetologists, obste-
tricians, and pediatricians worldwide." It is an im-
portant medical, social, and financial problem.
The number of pregnant women diagnosed with
diabetes either before or during pregnancy is in-
creasing for several reasons. First, the global epi-
demics of obesity affects also females in reproduc-
tive age. Moreover, women tend to postpone their
decision to become a mother, mainly due to social
and economic factors. This increases the preva-
lence of gestational diabetes mellitus and preges-
tational type 2 diabetes. Additionally, the number
of women with pregnancy complicated by type 1
diabetes, an autoimmune disease characterized
by total B-cell destruction and requiring inten-
sive insulin therapy, is also on the rise. One of
the causes is the fact that the number of newly

diagnosed cases of type 1 diabetes is increasing.
For example, in Poland and other Central Eu-
ropean countries, the incidence of this disease
in the pediatric population has increased more
than 3 times over the last 25 years.? This trend
continues and it is expected that the number of
type 1 diabetes cases in children under the age of
15 years in Europe will rise by 70% from 2005 to
2020.% Female individuals from this generation
are now reaching childbearing age.

Not a long time ago, type 1 diabetic women
were discouraged from making maternity plans
because of the high prevalence of chronic diabet-
ic complications and fear of their progress, dif-
ficulties in reaching satisfactory glycemic con-
trol, and high number of pregnancy outcomes.**
Now, most of them can plan their pregnancy
and deliver a healthy baby. It is estimated that
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in the United Kingdom population, the preva-
lence of pregestational diabetes, including most-
ly type 1 and type 2 diabetes, increased from 3.1
per 1000 births in 1996-1998 to 4.7 per 1000 in
2002-2004.% The number of type 1 diabetic wom-
en booking in the Department of Metabolic Dis-
eases in Krakow, a university reference center for
diabetes care in south-eastern Poland, has reached
500 over the last 13 years. The annual number of
registered subjects has been rising gradually from
26 in 1999, doubling during the recent years (Cy-
ganek, Matecki, unpublished data).

Effect of type 1 diabetes on pregnancy Several

reports have shown that in physiological preg-
nancy, glucose levels are lower compared with

the prepregnancy state.”® For example, in non-
diabetic women from the Danish population,
the upper level of glycated hemoglobin (HbA, ),
along-established parameter for assessing glyce-
mic control, fell from 6.3% to 5.7% in early preg-
nancy and further to 5.6% in late pregnancy.’

This is attributed mainly to a decrease in the fast-
ing glucose level during normal pregnancy.® As

the maternal and fetal glucose levels are in equi-
librium, in physiological conditions, the fetus de-
velops in a low glycemic environment. The rise of
maternal and, subsequently, fetal glucose and in-
sulin levels is a major pathophysiological mecha-
nism in pregnancy complicated by diabetes. Ob-
servational studies have demonstrated that type 1
diabetic women have an increased risk of mater-
nal and fetal outcomes.*>9% For early pregnancy,
the list of such outcomes includes a progression

of chronic diabetic complications in the mother,
spontaneous abortion, and fetal malformations.
For late pregnancy, an increased risk of pre-ec-
lampsia, hydramnios, and operative delivery in

mothers as well as macrosomia and stillbirth in

neonates are observed. A large survey conducted

in the United Kingdom by the Centre for Maternal

and Child Enquiries (formerly CEMACH) showed

that in type 1 diabetes the cardiac and neural tube

developmental abnormalities are 3-fold more fre-
quent than in the general population.' The risk

of congenital abnormalities is as high as 25% in

type 1 diabetic women with HbA,_above 10%;

however, it is much lower in type 1 diabetic sub-
jects with better glycemic control.'” Nevertheless,
even in women with excellent glucose levels, this

risk is higher than in the general female popula-
tion. It is important that optimal medical care is

provided to type 1 diabetic women, from pregnan-
cy planning, through the entire pregnancy and

during the labor, as there is clear evidence that
such care can reduce the risk of maternal and fe-
tal complications.*51215

Pregnancy planning It is strongly advised that
all pregnancies in women with type 1 diabetes
are planned. Thus, effective contraception is rec-
ommended to all type 1 diabetic women in child-
bearing age until the optimal glycemic control
is reached.'® This should enable them to enter

the pregnancy period with the desired glucose
levels. It is generally assumed that the prepara-
tion of a women with type 1 diabetes for preg-
nancy should begin at least 6 months before con-
ception. There are several measures that should
be undertaken during this period. First, patients
should achieve recommended glycemic control."*%
To reach this goal, in most women, diabetes man-
agement has to be intensified.
In the Department of Metabolic Diseases
in Krakow, the intensive treatment program
includes thorough education, covering self-
-monitoring of blood-glucose (SMBG), glycemic
targets, diet, physical activity, and self-adjustment
of insulin doses."” Subjects treated with continu-
ous subcutaneous insulin infusion (CSII) receive
additional instructions regarding pump usage. All
women are advised to perform SMBG measure-
ments with glucose meters at least 8 times daily
(typically fasting, before and 1 hour after the main
meals, at bedtime, and between 2 and 4 a.m.).
Routine visits are scheduled every 4 weeks and
this interval is continued during pregnancy. Our
data clearly demonstrated that pregnancy plan-
ning, including the intensive treatment program,
allowed type 1 diabetic subjects to enter gestation
with substantially better glycemic control than
when pregnancy is unplanned; in a large regis-
try from the Department of Metabolic Diseases,
this difference reached 0.9% of the HbA,_level.
A previous meta-analysis showed that compre-
hensive preconception care reduces congenital
malformations by 3, which is very likely associ-
ated with a significantly lower HbA, level in ear-
ly pregnancy.'? This data was recently confirmed
by the Irish ATLANTIC Diabetes in Pregnancy
group.'® Despite clear health benefits, the pro-
portion of women with type 1 diabetes planning
their pregnancy is not satisfactory. The highest
reported proportion — over 80% — was observed
in the Netherlands.'® Data from the recent de-
cade showed that more than 40% of type 1 dia-
betic women from the Matopolska Province who
remained under our care had planned their preg-
nancies.!” It probably does not reflect the situa-
tion in entire Poland, where this proportion is
very likely much lower.
TABLE 1 summarizes the most important mea-
sures that can be introduced during pregnancy
planning in type 1 diabetic women.

Diabetes care during pregnancy and after delivery
in type 1 diabetic women Therapeutic targets and
glycemic control monitoring The general goal dur-
ing pregnancy complicated by type 1 diabetes is
to achieve glucose levels as close as possible to
those observed in nondiabetic pregnant wom-
en. Thus, the recommended values of fasting and
postprandial glycemia levels are much lower than
in type 1 diabetes outside of pregnancy. For ex-
ample, the Polish Diabetes Association advised
that all pregnant women with type 1 diabetes
reach HbA,_6.1% or lower, and fasting and 1-hour
postprandial glucose on SMBG below 90 mg%
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TABLE 1 Measures recommended during pregnancy planning in type 1 diabetic
women

contraception use until the recommended glycemic control is reached

deciding on the mode of intensive insulin therapy — MDI or CSII

modification of insulin type used, if necessary

comprehensive re-education program

intensification of diabetes treatment to achieve glycemic goals

revision of concomitant therapy (arterial hypertension, hyperlipidemia)

thyroid function assessment

supplementation of folic acid

evaluation and treatment, if necessary, of chronic diabetes complications

Abbreviations: CSIl — continuous subcutaneous insulin infusion, MDI — multiple daily
injection

and 120 mg%, respectively.?’ For subjects with
type 1 diabetes who are not pregnant, the HbA,
target in Poland is 6.5%. TABLE 2 summarizes glu-
cose and HbA, _ values recommended by the cur-
rent Polish and international guidelines for preg-
nant women with type 1 diabetes. While all of
them advise strict glycemic control, it should be
noted that these values are higher than those ob-
served in the populations of healthy women dur-
ing pregnancy.

To achieve these ambitious goals, effective and
reliable tools for glucose monitoring are required.
Currently, patients with type 1 diabetes are mon-
itored mainly using HbA, in combination with
daily SMBG. HbA, , a standard long-term glyce-
mic marker, does not reflect short-lasting rises in
the glucose level, for example, in the postprandi-
al state.?’ The current glycemic targets as shown
in TABLE 2 are defined for conventional SMBG by
glucose meters. Self-monitored glucose levels in
daily profiles are a base for insulin-dose modifi-
cations. This tool is very useful in clinical practice
as contemporary glucose meters are fast, conve-
nient, precise, and accurate. In the Department
of Metabolic Diseases, all pregnant women with
type 1 diabetes receive education covering SMBG,
pregnancy glycemic targets, and self-adjustment
of insulin doses. They are advised to perform
SMBG measurements at least 8 times daily. How-
ever, glucose peaks may still be missed in rou-
tine daily profiles.”’ Contemporary continuous

glucose monitoring systems (CGMS) are expen-
sive, time-consuming, and invasive for patients,
hence they are not commonly used in clinical prac-
tice.?? The current guidelines do not include tar-
gets defined specifically for CGMS. Thus, the pres-
ent monitoring markers and tools appear to be

insufficient for the assessment of maternal glyce-
mic control in type 1 diabetes. There is a need for
better glycemic control markers during pregnan-
cy. We have recently proposed 1,5-anhydrogluci-
tol as an alternative to HbA, .2 This short-term

glycemic marker reflects changes in glycemic con-
trol over the period of the preceding 1 to 2 weeks

and captures the episodes of hyperglycemia. Un-
like HbA , it also strongly correlates with the in-
dices derived from CGMS.

Type 1 diabetes therapy during pregnancy The cru-
cial component of type 1 diabetes management
during pregnancy is intensive insulin therapy.
There are 2 major methods that can be used. First,
a commonly used approach is multiple daily injec-
tion (MDI) therapy by insulin pens. This is a tra-
ditional attitude in which short-acting insulin is
given subcutaneously before meals, while basal in-
sulin is injected once or twice daily, usually at bed-
time and sometimes also in the morning.*5' Re-
combinant human insulin has been widely used
as a prandial insulin in pregnancies complicat-
ed by type 1 diabetes for the last 3 decades.?* In
the 1990s, the first short-acting analog, lyspro,
became available, and the second one, aspart,
was registered soon after.”> Both lyspro and as-
part showed effectiveness and safety similar to
that of human insulin in numerous clinical ob-
servations, the latter also in a randomized clin-
ical trial.?6-2 The third short-acting analog, in-
sulin glulisine, has not been sufficiently exam-
ined in pregnant women.*® In general, the use of
lyspro or aspart was not associated with a reduc-
tion of the major outcomes compared with hu-
man insulin; however, some clinical endpoints
such as hypoglycemic events or surrogates, for
example, postprandial hyperglycemia, seem to
be lower in women using short-acting insulin
analogs.?® Additionally, long-acting insulin ana-
logs, glargine and detemir, were effective and safe
in the observational studies in pregnant type 1

TABLE 2 Summary of glycemic goals for pregnant type 1 diabetic patients according to different scientific organizations

PTD ADA NICE
fasting glucose 60-90 mg/dl (3.3-5.0 mmol/l) 60-99 mg/dl (3.3-5.4 mmol/l) 63-106 mg/dl (3.5-5.9 mmol/l)
premeal glucose 60-90 mg/dI (3.3-5.0 mmol/l) 60-99 mg/dl (3.3-5.4 mmol/l)
postprandial glucose <120 mg/dl (<6.7mmol/l) 60-99 mg/dl (3.3-5.4 mmol/l) 140 mg/dl (<7.8 mmol/l)

(1 hour after meal)

(1 hour after meal)

overnight glucose >60 mg/dl (>3.3mmol/l) 60-99 mg/dl (3.3-5.4 mmol/l)

(2.00-4.00 a.m.)

mean daily glucose 95 mg/dI (5.3 mmol/l) -

HbA <6.1% <6.0%

1c

<6.1%

Abbreviations: ADA — American Diabetes Association, HbA,  —hemoglobin A
Polish Diabetes Association (Polskie Towarzystwo Diabetologiczne)

1c’

NICE — National Institute for Health and Clinical Excellence (UK), PTD —
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diabetic women.?"3? A recently published ran-
domized clinical trial in type 1 diabetic women
treated with detemir showed noninferior mater-
nal pregnancy outcomes, including HbA, levels,
and lower fasting glucose in the long-acting an-
alog group as compared with the group receiving
NPH insulin.®® Moreover, one retrospective anal-
ysis reported a lower prevalence of large-for-ges-
tational-age infants in type 1 diabetic subjects
on glargine.®*

An approach alternative to MDI is to use per-
sonal pumps to perform CSII. A personal insulin
pump delivers a variable reprogrammable bas-
al rate of short-acting insulin infused as a back-
ground insulin with bolus doses to cover the in-
take of meals and to control postprandial glucose
levels. The application of the CSII method in dia-
betic patients has gradually gained popularity and
its use has steadily increased, especially among
children and adolescents.?*% A possible advan-
tage of CSII over MDI in achieving normoglyce-
mia in type 1 diabetes outside of pregnancy was
demonstrated.?’3% Pump therapy was especially
effective in subjects with unstable diabetes, dawn
phenomenon, hypoglycemia unawareness, and
small daily insulin requirement, or in those who
led an irregular lifestyle. However, data on bene-
fits from CSII use in type 1 diabetes during preg-
nancy is scarce. For example, the Cochrane sys-
tematic review was able to identify only 2 random-
ized studies, both outdated, for the meta-analysis
of pregnancy outcomes in women with pregesta-
tional diabetes using CSII and MDL.* The 2 stud-
ies were performed many years ago, and thus are
of limited value to current clinical practice. In
line with that, the recent observational studies,
including the largest one from the Department
of Metabolic Disease, showed that both MDI and
CSII can provide similar, excellent glycemic con-
trol." Interestingly, in our report, pregnancy plan-
ning had a beneficial effect on glycemic control,
independent from the therapy model, MDI or
CSII, and type of insulin, regular human or short-

-acting analog. CSII seemed to predispose to a larg-

er weight gain in mothers, which may require
special attention. Personal insulin pumps, avail-
able for patients for more than 2 decades, under-
go constant improvements and modifications.
A new era emerged with combining personal in-
sulin pumps and CGMS. CGMS provides constant
glucose readings that are accurate and reliable.*
Unexpectedly, in a very recent randomized study,
intermittent use of CGMS during type 1 diabet-
ic pregnancy did not improve glycemic control
or cut the rate of neonatal macrosomia.*' More-
over, the rate of macrosomia was actually higher
in women with type 1 diabetes who used CGMS.
Thus, more clinical research is required to an-
swer the question on the usefulness of pumps
augmented with CGMS in medical care of wom-
en with type 1 diabetes, particularly in study de-
signs adopting permanent CGMS use.

Modern insulin therapy can ensure desirable
glycemic control only together with appropriate

diet. It is advised that pregnant women with di-
abetes divide their caloric intake, particularly in
respect to carbohydrates, between several meals.
A reduction of carbohydrate consumption during
breakfast is sometimes advised to limit morning
postprandial hyperglycemia. In the Department of
Metabolic Diseases, we recommend that the dai-
ly caloric intake include from 40% to 50% of car-
bohydrates, from 20% to 30% of fats, and 30%
of proteins; standard caloric intake is 35 kcal/kg
of body weight."” Excessive weight gain is ad-
dressed through reducing daily food intake ac-
companied by a regular daily self-assessment of
urine ketones.

Medical care of pregnant women with type 1
diabetes is not limited to glycemic control. It also
includes arterial hypertension treatment, pos-
sible thyroid dysfunction correction, folic acid
supplementation, and, if necessary, monitoring
and treatment, of microvascular complications
such as retinopathy and nephropathy.*® Close
obstetric monitoring is also necessary, prefera-
bly in a reference clinic closely cooperating with
a diabetes center.

Delivery after pregnancy complicated by type 1 dia-
betes and postpregnancy care The mode (caesar-
ean section or vaginal) and timing of the deliv-
ery should be decided individually, taking into ac-
count all health aspects of the mother and new-
born. Most women with type 1 diabetes deliver
by cesarean section.'”*? Among the patients of
the Department of Metabolic Diseases in Kra-
kow this proportion reached about 70%."" If a ce-
sarean section is planned, the woman should re-
ceive her normal evening dose of basal insulin.
The breakfast and morning dose of insulin ought
to be omitted. The intravenous regime of insulin
and glucose should be started at least 1 hour be-
fore the planned section and blood glucose should
be checked at least hourly.**** Insulin infusion is
advised until the patient is eating and its infusion
rate must be adjusted accordingly. When infusion
stops, subcutaneous insulin should be adminis-
tered 30 minutes before food. Similarly, in case of
vaginal labor, the patient ought to receive intra-
venous insulin infusion through a syringe pump
and blood glucose should be checked hourly until
delivery. It is important to maintain the maternal
glucose within the target level during the delivery
(4-7 mmol/l according to the National Institute
for Health and Clinical Excellence guidelines) as
this reduces the risk of neonatal hypoglycemia
and hypoxia. After the delivery, both cesarean
section or vaginal, the subcutaneous insulin dose
should be reduced to approximately 60%-70% of
the prepregnancy insulin dose.>#34
Interestingly, the problem of glycemic control
in type 1 diabetic women after delivery remains
poorly explored. Several factors potentially dete-
riorate glycemic control in type 1 diabetic moth-
ers following delivery - less incentive to achieve
good metabolic control as compared with dur-
ing pregnancy, duties associated with childcare,
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and fear of hypoglycemic episodes during child-
care. Another important circumstance could be

the different therapeutic goals and targets dur-
ing and after pregnancy. On the other hand, ex-
tensive education programs during pregnancy

could help new mothers maintain improved gly-
cemic control after delivery. Until recently, only

1 small observational study from the early 1990s

existed in type 1 diabetes; it showed that after
a substantial improvement during pregnancy,
glycemic control deteriorated, reaching preges-
tational levels after delivery.*® In a very recent

large clinical observation from the Department

of Metabolic Diseases, type 1 diabetic women

who achieved excellent glycemic control during

pregnancy were found to experience substantial

deterioration in postdelivery glycemic control.*6

This trend was observed not only in type 1 diabetic

women with unplanned pregnancies, but also in

subjects with planned pregnancies who had bet-
ter diabetes control during pregnancy. Our study
was substantially larger than the United Kingdom

cohort described in the 1990s and differed great-
ly in the achieved HbA, levels. Mean preconcep-
tion HbA, levels in the British cohort and ours

were 9.9% and 6.9%, respectively, 7.0% and 5.7%
in the third trimester, while the last postdelivery
follow-up values were 9.7% and 7.3%. These data

are likely the result of increasingly strict contem-
porary therapeutic aims and new tools such as

insulin analogs, personal pumps, and monitor-
ing devices. However, despite much better gly-
cemic control in our cohort, HbA,_values after
pregnancy were higher than those currently rec-
ommended for type 1 diabetes.”® Thus, type 1 di-
abetic women seem to require special medical at-
tention after delivery to maintain their diabetes

control within therapeutic targets.

Future perspectives and summary  Despite the gen-
eral improvement in diabetes care that in-
volves also pregnant women with type 1 diabe-
tes, the prevalence of the most frequent neona-
tal complication, macrosomia, is still high. Mac-
rosomia is defined as a birth weight over 4000 g
or above the 90th centile for the specific popula-
tion, corrected for sex.*’ It contributes to more
frequent perinatal traumas in newborns and
an increased risk of birth canal injuries in moth-
ers. Excessive fetal growth is also associated with
cardiomyopathy, respiratory distress syndrome,
and neonatal metabolic abnormalities, especial-
ly hypoglycemia.*® The results of a retrospective
analysis from the United Kingdom covering 40
years constitute an excellent illustration of the fact
that over the last decades, some outcomes, such
as perinatal mortality, have been significantly re-
duced, the decrease being even 20-fold.*® However,
in the same cohort, no improvement in the pro-
portion of macrosomia was observed. Similarly, in
the CEMACH registry published in 2005, about
21% of the babies of women with type 1 diabe-
tes weighed over 4000 g compared with 11% in
the general population.' A very recent analysis of

the medical records of 881 Finnish women with

type 1 diabetes that delivered between 1989 and

2008 showed no improvement in the HbA,_lev-
el in the second and third pregnancy trimesters;

moreover, a trend for the worsening of glycemic
control was described.*® Not surprisingly, the prev-
alence of macrosomia remained stable and con-
cerned over one-third of the newborns. This pro-
portion is very similar to that observed in our de-
partment, where about 30% of babies of type 1 di-
abetic mothers were born macrosomic."” It is im-
portant to underline that the majority of women,
including those that deliver large babies, reached

the glycemic goals as expressed by HbA, level.
Some more optimistic conclusions come from

the latest Irish ATLANTIC Diabetes in Pregnan-
cy program, where substantial clinical benefit was

achieved as a result of improvement in medical

care before and during pregnancy between 2005

and 2010."® The Irish researchers achieved an in-
crease in the number of type 1 diabetic women

attending preconception care (28% vs. 52%) and,
subsequently, improvement in glycemic control

before and throughout pregnancy. They also ob-
served a decrease not only in the perinatal mortal-
ity rate (6.2% vs. 0.65%) but also in the proportion

of the large-for-gestational-age babies in mothers

with type 1 diabetes (30% vs. 26%).

A question has to be asked why, despite the nu-
merous new tools available, a reduction of mac-
rosomia is rarely seen in the registries of type 1 di-
abetic pregnancies. A few potential causes should
be considered. First, even with satisfactory HbA,
levels, the actual glycemic patterns are far from
those observed in physiological pregnancies. Sec-
ond, type 1 diabetic population is not free from
the trends observed in the general population,
such as the rising prevalence of obesity. Obesity
in type 1 diabetic subjects and pregnancy weight
gain seem to be associated with macrosomia in
newborns. Finally, too many type 1 diabetic wom-
en do not plan their pregnancies due to the lack
of sufficient education.

In summary, there are new treatments and
devices available in diabetes care, and new ones
are entering the market, including insulin pumps
with some elements of a close loop.?? There is
work on the way to develop new insulins that
will even better control postprandial and fasting
glucose levels. Nevertheless, preconception and
pregnancy care including comprehensive educa-
tion remain the key challenge in type 1 diabetic
women. Clinical services need to focus on the de-
velopment of effective strategies for this emerg-
ing high-risk population.

Acknowledgements We would like to express
our gratitude to the Great Orchestra of Christ-
mas Charity, a nongovernmental aid organiza-
tion in Poland that provided insulin pumps to
most women included in our studies referred to
in this review. We are grateful to Ms Aleksandra
Matecka (Warsaw University) for her editorial
and linguistic assistance.

REVIEW ARTICLE Medical care of pregnant women with type 1 diabetes: current guidelines and clinical practice 63



64

Funding MTM was supported by the Polish
Ministry of Science Grant No. N N407 414436
between 2008 and 2012. This grant resulted in
3 original papers referred to in this review.

REFERENCES

1 McCance DR. Pregnancy and diabetes. Best Pract Res Clin Endocrinol
Metab. 2011; 25: 945-958.

2 Jarosz-Chobot P, Polanska J, Szadkowska A, et al. Rapid increase in
the incidence of type 1 diabetes in Polish children from 1989 to 2004, and
predictions for 2010 to 2025. Diabetologia. 2011; 54: 508-515.

3 Patterson CC, Dahlquist GG, Gyriis E, et al.; EURODIAB Study Group.
Incidence trends for childhood type 1 diabetes in Europe during 1989-2003
and predicted new cases 2005-20: a multicentre prospective registration
study. Lancet. 2009; 373: 2027-2033.

4 Taylor R, Davison JM. Type 1 diabetes and pregnancy. BMJ. 2007; 334:
742-745.

5 Ringholm L, Mathiesen ER, Kelstrup L, Damm P. Managing type 1 di-
abetes mellitus in pregnancy - from planning to breastfeeding. Nat Rev
Endocrinol. 2012; 8: 659-667.

6 BellR, Bailey K, Cresswell T, et al.; Northern Diabetic Pregnancy Survey
Steering Group. Trends in prevalence and outcomes of pregnancy in women
with pre-existing type | and type Il diabetes. BJOG. 2008; 115: 445-452.

7 Nielsen LR, Ekbom P, Damm P, et al. HbA1c levels are significantly lower
in early and late pregnancy. Diabetes Care. 2004; 27: 1200-1201.

8 Mills JL, Jovanovic L, Knopp R, et al. Physiological reduction in fast-
ing plasma glucose concentration in the first trimester of normal pregnancy:
the diabetes in early pregnancy study. Metabolism. 1998; 47: 1140-1144.

9 Casson IF, Clarke C, Howard C, et al. Outcomes of pregnancy in insulin
dependent diabetic women: results of a five year population cohort study.
BMJ. 1997; 315: 275-278.

10 Rosenn B, Miodovnik M, Combs CA, et al. Glycemic thresholds for
spontaneous abortion and congenital malformations in insulin-dependent di-
abetes mellitus. Obstet Gynecol. 1994; 84: 515-520.

11 Confidential Enquiry into Maternal and Child Health, Pregnancy in wom-
en with type 1 and type 2 diabetes in 2002-03, England, Wales and Northern
Ireland. London: CEMACH 2005.

12 Ray JG, O'Brien TE, Chan WS. Preconception care and the risk of con-
genital anomalies in the offspring of women with diabetes mellitus: a meta-
-analysis. QJM. 2001; 94: 435-444.

13 Murphy HR, Roland JM, Skinner TC, et al. Effectiveness of a regional
prepregnancy care program in women with type 1 and type 2 diabetes: ben-
efits beyond glycemic control. Diabetes Care. 2010; 33: 2514-2520.

14 Wahabi HA, Alzeidan RA, Bawazeer GA, et al. Preconception care for
diabetic women for improving maternal and fetal outcomes: a systematic re-
view and meta-analysis. BMC Pregnancy Childbirth. 2010; 10: 63-77.

15 Kitzmiller JL, Buchanan TA, Kjos S, et al. Pre-conception care of dia-
betes, congenital malformations and spontaneous abortions. Diabetes Care.
1996; 19: 514-541.

16 Damm P, Mathiesen E, Clausen TD, Petersen KR. Contraception
for women with diabetes mellitus. Metab Syndr Relat Disord. 2005; 3:
244-249.

17 Cyganek K, Hebda-Szydlo A, Katra B, et al. Glycemic control and se-
lected pregnancy outcomes in type 1 diabetes women on continuous sub-
cutaneous insulin infusion and multiple daily injections: the significance of
pregnancy planning. Diabetes Technol Ther. 2010; 12: 41-47.

18 Owens LA, Avalos G, Kirwan B, et al. ATLANTIC DIP: closing the loop:
a change in clinical practice can improve outcomes for women with prege-
stational diabetes. Diabetes Care. 2012; 35: 1669-1671.

19 Evers IM, de Valk HW, Visser GH. Risk of complications of pregnancy
in women with type 1 diabetes: nationwide prospective study in the Neth-
erlands. BMJ. 2004; 328: 915.

20 [Clinical recommendations for management of patients with diabetes melli-
tus in 2012]. Diabetologia Kliniczna. 2012; 1 (Supl. A): A41-A43. Polish.

21 Kerssen A, Evers IM, de Valk HW, Visser GH. Poor glucose control
in women with type 1 diabetes mellitus and “safe” hemoglobin Alc val-
ues in the first trimester of pregnancy. J Matern Fetal Neonatal Med. 2003;
13:309-313.

22 Hermanides J, Phillip M, DeVries JH. Current application of continuous
glucose monitoring in the treatment of diabetes: pros and cons. Diabetes
Care. 2011; 34 (Suppl 2): S$197-S201.

23 Nowak N, Skupien J, Cyganek K, et al. 1,5-anhydroglucitol as a marker
of maternal glycaemic control and predictor of neonatal birth weight in preg-
nancy complicated by type 1 diabetes mellitus. Diabetologia. 2013 Feb 2.
[Epub ahead of print].

24 Brogden RN, Heel RC. Human insulin. A review of its biological activity,
pharmacokinetics and therapeutic use. Drugs. 1987; 34: 350-371.

25 Bolli GB, Di Marchi RD, Park GD, et al. Insulin analogues and their po-
tential in the management of diabetes mellitus. Diabetologia. 1999; 42:
1151-1167.

26  Gonzalez Blanco C, Ballesteros AC, Saladich IG, et al. Glycemic control
and pregnancy outcomes in women with type 1 diabetes mellitus using lis-
pro versus regular insulin: a systematic review and meta-analysis. Diabetes
Technol Ther. 2011; 13: 907-911.

27 Kinsley B. Achieving better outcomes in pregnancies complicat-
ed by type 1 and type 2 diabetes mellitus. Clin Ther. 2007; 29 (Suppl D):
S153-S160.

28 Hod M, Damm P, Kaaja R, et al.; Insulin Aspart Pregnancy Study Group:
Fetal and perinatal outcomes in type 1 diabetes pregnancy: a randomized
study comparing insulin aspart with human insulin in 322 subjects. Am
J Obstet Gynecol. 2008; 198: 186.e1-7.

29 Mathiesen ER, Kinsley B, Amiel SA, et al.; Insulin Aspart Pregnancy
Study Group. Maternal glycemic control and hypoglycemia in type 1 dia-
betic pregnancy: a randomized trial of insulin aspart versus human insulin in
322 pregnant women. Diabetes Care. 2007; 30: 771-776.

30 Garnock-Jones KP, Plosker GL. Insulin glulisine: a review of its use in
the management of diabetes mellitus. Drugs. 2009; 69: 1035-1057.

31 Lapolla A, Di Cianni G, Bruttomesso D, et al. Use of insulin detemir
in pregnancy: a report on 10 Type 1 diabetic women. Diabet Med. 2009;
26:1181-1182.

32 Lepercq J, Lin J, Hall GC, et al. Meta-Analysis of Maternal and Neona-
tal Outcomes Associated with the Use of Insulin Glargine versus NPH Insulin
during Pregnancy. Obstet Gynecol Int. 2012; 2012: 649070.

33 Mathiesen ER, Hod M, Ivanisevic M, et al.; Detemir in Pregnancy Study
Group. Maternal efficacy and safety outcomes in a randomized, controlled
trial comparing insulin detemir with NPH insulin in 310 pregnant women
with type 1 diabetes. Diabetes Care. 2012; 35: 2012-2017.

34 Callesen NF Damm J, Mathiesen JM, et al. Treatment with
the long-acting insulin analogues detemir or glargine during pregnancy in
women with type 1 diabetes: comparison of glycaemic control and preg-
nancy outcome. J Matern Fetal Neonatal Med. 2012 Dec 11. [Epub ahead
of print].

35 Bergenstal RM, Tamborlane WV, Ahmann A, et al.; STAR 3 Study
Group. Effectiveness of sensor-augmented insulin-pump therapy in type 1
diabetes. N Engl J Med. 2010; 363: 311-320.

36 The Juvenile Diabetes Research Foundation Continuous Glucose Mon-
itoring Study Group; Tamborlane WV, Beck RW, Bode BW. Continuous glu-
cose monitoring and intensive treatment of type 1 diabetes. N Engl J Med.
2008; 359: 1464-1476.

37 Cummins E, Royle P, Snaith A, et al. Clinical effectiveness and cost-ef-
fectiveness of continuous subcutaneous insulin infusion for diabetes: sys-
tematic review and economic evaluation. Health Technol Assess. 2010; 14:
1-181.

38 Nahata L. Insulin therapy in pediatric patients with type | diabetes:
continuous subcutaneous insulin infusion versus multiple daily injections.
Clin Pediatr (Phila). 2006; 45: 503-508.

39 Farrar D, Tuffnell DJ, West J. Continuous subcutaneous insulin infusion
versus multiple daily injections of insulin for pregnant women with diabetes.
Cochrane Database Syst Rev. 2007; 3: CD005 542.

40  Juvenile Diabetes Research Foundation Continuous Glucose Monitor-
ing Study Group, Beck RW, Buckingham B, Miller K, et al. Factors predictive
of use and of benefit from continuous glucose monitoring in type 1 diabetes.
Diabetes Care. 2009; 32: 1947-1953.

41 Secher AL, Ringholm L, Andersen HU, et al. The effect of real-time con-
tinuous glucose monitoring in diabetic pregnancy - a randomised controlled
trial. Diabetologia. 2012; 55 (Suppl 1): 83.

42 Higgins M, Galvin D, McAuliffe F, et al. Pregnancy in women with
Type 1 and Type 2 diabetes in Dublin. Ir J Med Sci. 2011; 180: 469-473.

43 Jovanovic L. Glucose and insulin requirements during labor and deliv-
ery: the case for normoglycemia in pregnancies complicated by diabetes.
Endocr Pract. 2004; 10 (Suppl 2): 40-45.

44 de Valk HW, Visser GH. Insulin during pregnancy, labour and delivery.
Best Pract Res Clin Obstet Gynaecol. 2011; 25: 65-76.

45  Gold AE, Reilly C, Walker JD. Transient improvement in glycemic con-
trol. The impact of pregnancy in women with IDDM. Diabetes Care. 1998;
21: 374-3178.

46 Cyganek K, Hebda-Szydlo A, Skupien J, et al. Postpregnancy Glyce-
mic Control and Weight Changes in Type 1 Diabetic Women. Diabetes Care.
2012 Dec 18. [Epub ahead of print].

47 Evagelidou EN, Kiortsis DN, Bairaktari ET, et al. Lipid profile, glu-
cose homeostasis, blood pressure, and obesity-anthropometric markers
in macrosomic offspring of nondiabetic mothers. Diabetes Care. 2006; 29:
1197-1201.

48 Johnstone FD, Lindsay RS, Steel J. Type 1 diabetes and pregnancy:
trends in birth weight over 40 years at a single clinic. Obstet Gynecol. 2006;
107: 1297-1302.

49  Klemetti M, Nuutila M, Tikkanen M, et al. Trends in maternal BMI, gly-
caemic control and perinatal outcome among type 1 diabetic pregnant wom-
en in 1989-2008. Diabetologia. 2012; 55: 2327-2334.

50 Choudhary P, Shin J, Wang Y, et al. Insulin pump therapy with auto-
mated insulin suspension in response to hypoglycemia: reduction in noc-
turnal hypoglycemia in those at greatest risk. Diabetes Care. 2011; 34:
2023-2025.

POLSKIE ARCHIWUM MEDYCYNY WEWNETRZNEJ 2013; 123 (1-2)



ARTYKUL POGLADOWY

Opieka medyczna nad ciezarnymi z cukrzyca

typu 1 — aktualne wytyczne i praktyka kliniczna

Katarzyna Cyganek, Tomasz Klupa, Magdalena Szopa, Barbara Katra, Maciej T. Matecki

Katedra Choréb Metabolicznych, Uniwersytet Jagiellonski, Collegium Medicum, Krakéw

StOWA KLUCZOWE

cigza, cukrzyca typu 1

Adres do korespondencii:

prof. Maciej T. Matecki, MD, PhD,
Katedra Chordb Metabolicznych,
Uniwersytet Jagiellonski, Collegium
Medicum, ul. Kopernika 15,

31-511 Krakéw, Poland, tel.:
12-424-83-01, fax: 12-XX-XX-XXx,

e-mail: malecki_malecki@yahoo.com

Praca wptyneta: 19.01.2013.
Przyjeta do druku: 21.01.2013.
Publikacja online: 23.01.2013.
Zgtoszono sprzecznos$¢ interesow:
K.C. otrzymywata honoraria za
wyklady i warsztaty od firm
Medtronic, NovoNordisk i Eli

Lilly; TK. — za wyktady od firm
Medtronic, NovoNordisk, Eli Lilly

i Bioton; B.K. — za wykfady od firm
NovoNordisk i Eli Lilly. M.T.M. jest
czlonkiem rady doradczej firm Eli

Lilly, NovoNordisk i Bioton. Ponadto

wygtaszat wykfady dla tych firm,
a takze dla producentéw
glukometréw (Bayer,
Johnson&Johnson) i pomp
insulinowych (Medtronic).

Pol Arch Med Wewn. 2013;

123 (1-2): 59-65

Copyright by Medycyna Praktyczna,
Krakéw 2013

STRESZCZENIE

Chorobowo$¢ z powodu poszczegdlnych typdw cukrzycy ro$nie na catym $wiecie. Cukrzyca jest czestym
metabolicznym powiktaniem ciazy. Przez wiele lat cigza powiktana cukrzyca typu 1 wigzata sie ze szczegélnie
ztym rokowaniem i mimo znaczacej poprawy w ciggu ostatnich dwéch dekad duzo jeszcze musi zostaé
zrobione. Dobrze udokumentowano liniowa relacje migdzy matczynym poziomem glukozy a czesto$cig
powiktan cigzy. Lista tych powikian obejmuje wady wrodzone, wewngtrzmaciczne obumarcie ptodu,
okotoporodowg umieralno$¢ noworodkéw, makrosomig, hipoglikemig i wiele innych. W ciggu ostatnich lat
pojawita sig mozliwo$¢ zastosowania w opiece nad cigzarnymi z cukrzycg typu 1 wielu nowych narzedzi
diagnostycznych i terapeutycznych, na przyktad krétko- i dfugodziatajgcych analogéw insuliny, osobistych
pomp insulinowych czy systeméw ciggtego monitorowania glikemii. Trzeba podkresli¢, ze szczegéing
efektywno$¢ w poprawie kontroli glikemii u cigzarnych z cukrzyca typu 1 i w osigganiu rekomendow-
anych celdw terapeutycznych wykazaty planowanie ciazy i edukacja przysztych matek. Ztozylto sie to
na zmniejszenie czgsto$ci powiktan matczynych i ptodowych obserwowanych w licznych populacjach,
jednak mimo tego niewatpliwego postepu czesto$¢ najpowszechniejszego powiktania pfodowego, mak-
rosomii, pozostaje znaczaco wigksza niz u noworodkéw matek bez cukrzycy. Prawdopodobne przyczyny
tego zjawiska to krotkotrwate epizody hiperglikemii, szczegélnie popositkowej, liberalna dieta, matczyna
otyto$¢ i duzy przyrost masy ciata w cigzy — te potencjalne powody nalezy uwzgledni¢ w praktyce klin-
icznej. W przyszto$ci nowe narzedzia terapeutyczne, takie jak osobiste pompy insulinowe z elementami
zamknigtej petli, moga jeszcze bardziej poprawi¢ rokowanie u cigzarnych z cukrzyca typu 1.
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