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Abstract. Aim: To evaluate the prevalence, assessment, and perinatal outcome of
pregnancies complicated with diabetes mellitus type 1 (DM type 1) at a tertiary perinatal
center in the town of Split, Dalmatia County. Materials and methods: The investigation was
designed as a retrospective cohort study. All pregnant women with DM type 1 that were
supervised and gave birth at Clinical Department of Obstetrics and Gynecology, Split
University Hospital Center during a 7-year period (2009-2015), including those diagnosed in
2015 and having delivered in 2016, were included in the study group. Data were collected by
the census method from legal protocol books. Control group included DM type 1-free
pregnancies entered in the same protocol books just following a particular study woman, if
meeting all inclusion and exclusion criteria. Results: There were 70 DM type 1 pregnancies,
accounting for 0.2% of all deliveries. DM type 1 group newborns were statistically heavier
(3650£605 vs. 3428+591g; p=0.031), more frequent large for gestational age (24.3% vs. 5.7%;
p=0.002) and macrosomic (24.3% vs. 10%; p=0.033). Compared to control group, DM type 1
women had a significantly higher delivery rate in the 37* to 39" week of gestation (84.3% vs.
58.6%; p=0.001) and higher cesarean section rate (61.4% vs. 32.9%; p=0.001). Conclusion:
DM type 1 significantly influences perinatal outcome. It requires multidisciplinary approach
and complete supervision should be provided at specialized centers. Respecting the fetal
origin of adult diseases theory, inappropriate protocol(s) and/or individual decision(s) can
have many health consequences throughout newborns life, which highlights DM type 1
pregnancies to a public health level issue.
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SaZetak. Cilj: Ispitati ucestalost, nacin nadzora i perinatalni ishod trudnoca kompliciranih
dijabetes melitusom ovisnim o inzulinu (DM tip 1) u tercijarnom perinatalnom centru u
Splitu. Materijali i metode: IstraZivanje je osmisljeno kao retrospektivna kohortna studija.
Popisnom su metodom ukljucene sve trudnice s dijabetes melitusom ovisnim o inzulinu koje
su nadzirane i rodile su u Klinici za Zenske bolesti i porode KBC-a Split u sedmogodiSnjem
periodu, od prosinca 2009. do prosinca 2015. godine, ukljucujuci i one dijagnosticirane u
2015. godini koje su rodile pocetkom 2016. godine. Kontrolnu je skupinu sacinjavao jednak
broj fizioloskih trudnoca upisanih u Radaonski protokol — neposredno nakon poroda pojedine
ispitanice sa Secernom boles¢u uzimani su podatci prve sljedece rodilje iz kontrolne skupine.
Obje skupine ispitanica zadovoljavaju kriterije uklju¢enja i isklju¢enja. Rezultati: U Klinici je
analizirano 70 trudnoda i porodaja s dijabetes melitusom ovisnim o inzulinu, $to je sacinjavalo
0,2 % ukupnih poroda. Novorodencad majki s DM-om tipa 1 bila je statisticki znacajno teza
od kontrolne skupine (3650+605 vs. 3428591 g; p=0,031), esce je bila hipertrofiéna (24,3 %
vs. 5,7 %; p=0,002) i makrosomna (24,3 % vs. 10 %; p=0,033). U usporedbi s kontrolnom
skupinom, u ispitivanoj skupini bilo je statisticki znacajno vise porodaja izmedu 37. i 39.
tjedna trudnoce (84,3 % vs. 58,6 %; p=0,001), uz znacajno visu stopu dovrsenja poroda
carskim rezom (61,4 % vs. 32,9%; p=0,001). Zakljucak: DM tip 1 znacajno utjeCe na
perinatalni ishod, zahtijeva multidisciplinaran pristup i nadzor u visokospecijaliziranim
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centrima. Uzimajuci u obzir da ¢imbenici intrauterinog Zivota
imaju ulogu i u razvoju mnogih bolesti u djece i odrasloj dobi,
neadekvatni postupci i individualne odluke mogu pratiti
dijete tijekom Zivota, a i pogorsati postoje¢e majcine kompli-
kacije, Sto ovoj bolesti daje jos veéu vaznost.

sity Hospital Center (Department). The study
included data on all pregnant women with DM
type 1 having delivered during a seven-year peri-
od (2009-2015) and those followed-up in 2015

having delivered in 2016. Control group included
Klju€ne rijeci: carski rez; dijabetes melitus; fetalna makro-

- ) deliveries by healthy women that met other in-
somija; trudnoca

clusion/exclusion criteria for the study and en-
tered in the Department Delivery Room Protocol
immediately after a study woman. Gestational
age was expressed as completed weeks calculat-

INTRODUCTION

Diabetes mellitus type 1 (DM type 1) is a chronic ed from the last menstruation and corrected by

autoimmune disease. Pancreatic B-cell damage
progresses with time to complete insulin defi-
ciency. According to the World Health Organiza-
tion reports, the prevalence of DM in Croatia is
9.9%, of which DM type 1 accounts for only 5%-
10%*'. In the last few decades, an alarming in-

Insulin-dependent diabetes mellitus, as a significant
factor for perinatal outcomes, can also follow the child
throughout the life, and worsen the existing maternal
complications, which gives this disease even greater
importance and shows the need for a multidisciplinary

crease has been recorded in the prevalence of
DM in adolescents and women of fertile age?3. In
Croatia, about 50 DM type 1 patients, or slightly
less than 1%e., deliver babies per year®. The spe-
cific dynamics of metabolic changes in pregnan-
cy, induced by hormonal activity of the placenta,
significantly modify maternal blood glucose regu-
lation and thus also her insulin requirements. All
complications of DM type 1 that develop irre-
spective of pregnancy are potentiated in these
new circumstances and can have undesirable
consequences for both the mother and the fetus.
In diabetic pregnant women, poor metabolic con-
trol is associated with a higher rate of spontane-
ous abortion and congenital malformations,
higher risk of preeclampsia and macrosomia, peri-
natal hypoxia and asphyxia, stillbirth, and neonatal
complications®. However, the potential risks will
also persist in the postnatal period. An inappropri-
ate intrauterine environment may manifest with a
variety of health problems throughout the child’s
life. In women with DM type 1, pregnancy may de-
teriorate the already existing complications.

The present study analyzed pregnancy outcomes
in women with DM type 1 at a tertiary perinatal
center.

MATERIALS AND METHODS

The investigation was designed as a retrospective
cohort study conducted at the Clinical Depart-
ment of Gynecology and Obstetrics, Split Univer-
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approach.

ultrasound assessment when the difference ex-
ceeded one week. Fetal growth was evaluated
using standards previously developed at our hos-
pital®. Ponderal index (Pl) was calculated using
the formula: PI (g/cm3) = birth weight (g)/birth
length® (cm3). The neonates were then divided
into groups of low (neonatal thinness), normal,
and high (neonatal obesity) PI®.

Statistics

On data processing, Student’s t-test for inde-
pendent samples and x2-test were used. The lev-
el of statistical significance was set at p<0.05. The
results were shown as meanzSD or percentage.
Statistical analysis was done by use of the Med-
Calc software (Version 19.6).

RESULTS

During the study period, there were 28.850 deliv-
eries at the Department. Out of 87 pregnant
women with DM type 1 hospitalized in pregnan-
cy, 70 women were recorded by their names in
the Delivery Room Protocol. In the remaining 17
(19.5%) women, pregnancy outcome was un-
known.

There were no multiple pregnancies, neonatal
malformations or stillbirths in the investigation
group. Pregnant women with DM type 1 were
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statistically nonsignificantly older (30.745.2
years-from 19 to 45 vs. 29.4+4.8 years-from 16 to
40; t=1.5; p=0.133). The proportion of primiparae
(42.9% vs. 57.1%; x2=2.8; p=0.092) and neonatal
sex distribution (x2=2.85; p=0.093) were equal. In
comparison with control group, the neonates
born to DM type 1 mothers had a statistically sig-
nificantly higher birth weight (t=2.2; p=0.031),
with a higher rate of large for gestational age
(LGA) babies (x?=9.4; p=0.002) and macrosomia
(x>=4.1; p=0.033) (Table 1). In the study group,
there were five (7.1%) neonates with birth weight
greater than 4500 g, whereas the highest birth
weight recorded in the control group was 4330 g.

The mean gestational age at birth showed a sta-
tistically significant between-group difference
(37.9 vs. 38.8 weeks; t=3.6; p=0.004). The rate of
deliveries from 37" to 39" week of gestation was
significantly higher in the study group (84.3% vs.

58.6%; x2=11.3; p=0.001), whereas the rate of
deliveries at >40™ week of gestation was seven-
fold greater in the control group (5.7% vs. 35.7%;
x2=12.8; p=0.001), as expected. The rate of ce-
sarean section was nearly twofold greater in the
study group (61.4% vs. 32.9%; x2=11.4; p=0.001)
(Table 2).

Comparison of the study group (DM type 1) prim-
iparae and multiparae showed no statistically sig-
nificant difference in any of the parameters
(Table 3).

Considering regular surveillance in the study
group, the number of hospitalizations ranged
from one to eight; the highest proportion of
women (22.9%) were hospitalized five times,
with the mean gestational age of 19 weeks at ini-
tial hospitalization. Four or less hospitalizations
were recorded in 47.1%, and 6 or more hospitali-
zations in 30% of women.

Table 1. Anthropometric characteristics and fetal growth evaluation in neonates born to DM type 1 mothers

DM type 1 (N=70) Control (N=70) P
Birth weight (g); meanzSD 3650+605 34284591 0.031
Birth length (cm); mean+SD 50.7+2.19 50.1+2.67 0.156
Ponderal index, Pl (g/cm3); mean+SD 2.78+0.31 2.69+0.22 0.050
Pl <10% percentile; N (%) 4 (5.7%) 4 (5.7%) 1
Pl >90*" percentile; N (%) 25 (35.7%) 18 (25.7%) 0.202
Small for gestational age; N (%) 3 (4.3%) 6 (8.6%) 0.934
Large for gestational age; N (%) 17 (24.3%) 4 (5.7%) 0.002
Macrosomia (>4000 g); N (%) 17 (24.3%) 7 (10%) 0.033
APGAR score <7; N (%) 2 (2.8%) 2 (2.8%) 1
Sex (male:female); N (%) 28:42 38:32 0.091
DM type 1 = diabetes mellitus type 1
Table 2. Birth characteristics in DM type 1 mothers
DM type 1 (N=70) Control (N=70) p
Birth weight (g); mean+SD 36504605 3428+591 0.031
Birth length (cm); mean+SD 50.7+2.19 50.1+2.67 0.156
Ponderal index, Pl (g/cm3); mean+SD 2.78+0.31 2.69+0.22 0.051
Pl <10% percentile; N (%) 4 (5.7%) 4 (5.7%) 1
P >90*" percentile; N (%) 25 (35.7%) 18 (25.7%) 0.202
Small for gestational age; N (%) 3 (4.3%) 6 (8.6%) 0.934
Large for gestational age; N (%) 17 (24.3%) 4 (5.7%) 0.002
Macrosomia (>4000 g); N (%) 17 (24.3%) 7 (10%) 0.033
APGAR score <7; N (%) 2 (2.8%) 2 (2.8%) 1
Sex (male:female); N (%) 28:42 38:32 0.091

DM type 1 = diabetes mellitus type 1
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Table 3. Comparison of birth characteristics and neonates born to DM type 1 primiparae and multiparae

DM type 1 (N=70) Control (N=70) p
Birth weight (g); mean+SD 3650+605 3428+591 0.031
Birth length (cm); mean+SD 50.7+2.19 50.1+2.67 0.156
Ponderal index, Pl (g/cm3); mean+SD 2.7840.31 2.69+0.22 0.050
Pl <10t percentile; N (%) 4 (5.7%) 4 (5.7%) 1
PI >90" percentile; N (%) 25 (35.7%) 18 (25.7%) 0.202
Small for gestational age; N (%) 3 (4.3%) 6 (8.6%) 0.934
Large for gestational age; N (%) 17 (24.3%) 4 (5.7%) 0.002
Macrosomia (>4000 g); N (%) 17 (24.3%) 7 (10%) 0.033
APGAR score <7; N (%) 2 (2.8%) 2 (2.8%) 1
Sex (male:female); N (%) 28:42 38:32 0.091

DM type 1 = diabetes mellitus type 1

DISCUSSION

In the present study, the prevalence of pregnant
women with DM type 1 was 0.2% (70/28,850),
with a mean of 14.5 deliveries per year. Recent
studies report on around 50 deliveries by DM type
1 women per year in Croatia, yielding a prevalence
of about 1%c*. Our study revealed a threefold
greater proportion of DM type 1 pregnant women
(3.1%o) recorded at the tertiary center in Split with
a >800,000 catchment population. The worldwide
incidence of DM type 1 has been estimated to
1-50/100,000, with considerable regional and eth-
nic variations. Moderate DM type 1 incidence is
reported in the population of northern Africa
(10-20/100,000), very low to low incidence in Asia
(<1-10/100,000), in North America similar to Eu-
rope, and high incidence in Australia and New Zea-
land (19-22/100,000). In Croatia, the prevalence of
DM type 1 ranges from 6.5% to 7.5%. Annual in-
crease of 3% has been recorded in almost all pop-
ulations observed’. According to Wahabi et al.,
pregnant women with DM type 1 are considerably
older and more frequently multiparae than those
from the general population®, whereas Temple et
al. report on a higher proportion of primiparae®. In
our study, diabetic women were only slightly older
(30.7 vs. 29.4 years). This result could be attribut-
ed to the trend of giving birth at an ever-older age,
observed in all women, along with the ever-earlier
onset of DM type 1.

The expected rate of preterm deliveries in DM
type 1 women is 22%-45%''. Lepercq et al.

found 24% of preterm deliveries and correlated
them with progressive nephropathy, preeclamp-
sia and HbAlc >7% as independent factors®. In
the present study, the rate of preterm deliveries
was considerably lower but without statistically
significant difference, although nearly twofold
greater as compared with the control group (10%
vs. 5.7%). However, such a result may have been
due to the small study sample and may reach sta-
tistical significance in a large-scale study. The
same could apply to the equal rate of preeclamp-
sia (5.7% in both groups). In DM type 1 pregnan-
cy, the expected incidence of preeclampsia is
15%-20%"3. According to Vargas et al. and Sibai et
al., the risk of preeclampsia in DM type 1 women
is 12%-15% and 20%, respectively®1t,

Accelerated fetal growth is one of the main fea-
tures of pregnancy with DM type 1. The in-
creased and prolonged baseline and postprandial
glucose supply to the fetus are especially pro-
nounced towards the end of the second and at
the beginning of the third trimester. Then the fe-
tus starts secreting active insulin, thus modifying
the entire metabolic pattern. This in turn results
in fetal growth, which is predominated by cell
hypertrophy and weight gain that is primarily de-
pendent on the glucose to insulin relationship. In
the conditions of diabetic pregnancy, stimulation
of fetal pancreatic B-cells leads to hyperinsuline-
mia with consequential hyperplasia and hyper-
trophy of all cells and tissues except for the
central nervous system*. Perinatal outcome of

pregnancy with DM type 1 is associated with a
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higher rate of LGA and macrosomic newborns.
Many authors define macrosomia as a birth
weight >4000 g, although 4500 g can also be
found as a borderline value®!*, According to Wa-
habi et al., the prevalence of macrosomia in chil-
dren born to DM type 1 mothers is 11% and is
3.6-fold greater as compared with the general
population (3%)8. In our study, the rate of macro-
somia was 24.3% and 10% in the study group and
control group, respectively. The relatively low
number of preterm deliveries must have contrib-

Only specialized tertiary perinatal centers have the
preconditions for a standardized but at the same time
individualized approach to pregnant women with DM
type 1, which are a relatively small but high-risk and
medically specific population.

uted to such a high proportion but could not ex-
plain it completely. Birth weight >4500 g was
recorded in five (7.1%) study group newborns, in-
dicating that there were 12 newborns with birth
weight of 4000-4500 g.

Neonatal Pl was used to assess the birth weight
to birth length proportionality. According to a
Croatian study, Pl was statistically significantly
higher in neonates born to diabetic mothers than
in those from the control group®. In our study,
there was no statistically significant difference in
Pl between the groups. Roje et al. demonstrated
correlation of Pl and gestational age between
24th and 39th week*®. Our result could in part be
explained by the uniform gestational age at deliv-
ery in the study group (84.3% within two weeks).
In addition, appropriate surveillance and inten-
sive follow-up throughout gestation must have
contributed to it.

Placental volume, thickness and mass are signifi-
cant factors of fetal growth and can serve as a
measure of successful follow-up in diabetic preg-
nancy. Correlation has been reported of large
placenta with macrosomia and fetal hypoxia®.
The more so, in the conditions of early diabetic
pregnancy, the initial development of the placen-
ta is modified, thus possibly entailing various se-
quels later in life’. Proper placental development
plays an active role in fetal programming and can

influence diseases that may occur in adulthood?.
Our study did not include data on the placenta,
which we consider one of the major drawbacks
of this investigation.

Diabetes mellitus type 1 per se is not an indica-
tion for pregnancy termination by cesarean sec-
tion. Yet, it is the prevailing method of pregnancy
termination in most institutions. Wahabi et al.
perform cesarean section in 50% of DM type 1
mothers, i.e. 2.5-times more frequently than in
the control population®. Jensen et al. report on
an even greater rate of cesarean section, as much
as 55.9%, in DM type 1 mothers versus 12.6% in
the control group®. Our study revealed a 61.4%
rate of cesarean section in DM type 1 women.
The high rate of cesarean section in the control
group (32.9%) was nearly 75% greater than that
recorded in the total population during the study
period (18.6%). The majority of cesarean sections
in DM type 1 mothers are elective operations
that are usually performed in the early morning,
mostly as the first of the scheduled cesarean sec-
tions. Choosing control group subjects by the
rule of the first woman entered in the Delivery
Room Protocol after each study group woman in-
creased the possibility for the control group to
contain more elective cesarean sections than
those recorded in the general population it is
supposed to represent, and we are fully aware of
this methodological bias. However, with this
model we ensured representativeness in other
elements, thus considering it least inappropriate
among the compromise solutions available on
designing the study.

According to Sokol et al., induced vaginal delivery
in DM type 1 women can be considered with prov-
en fetal pulmonary maturity and normal fetal
growth. It should be reserved for cases free from
any signs of fetal threat and generally accepted
contraindications. It is optimal to plan induced
vaginal delivery at 38 weeks of gestation, with the
use of oxytocin infusion?. In our sample, prostag-
landins were administered for labor induction in
seven (25.9%) of 27 mothers with vaginal delivery,
whereas oxytocin infusion exclusively was used in
the remaining 20 (74.1%) mothers.

Wahabi et al. report on a threefold greater preva-
lence of stillbirth in diabetic mothers. Major ma-
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ternal and perinatal complications including
asphyxia and perinatal death are in particular as-
sociated with macrosomia. The leading causes of
perinatal mortality in children born to diabetic
mothers are fetal asphyxia and congenital mal-
formations. Asphyxia can be associated with an-
giopathic, morphological, and functional changes
in the placenta. Congenital malformations result
from inappropriate preconception workup and
correlate positively with HbAlc values®. In our
sample, there was no case of perinatal death or
congenital malformation, probably due to the
small sample size and rare occurrence of these
complications. A low Apgar score of <7 (2.8%)
and prevalence of meconium stained amniotic
fluid (7.1%) did not differ between the groups.
Comparison of primiparae and multiparae within
the study group yielded no statistically significant
difference, only the rate of cesarean section was
higher in primiparae than in multiparae (76.7%
vs. 50%). Persson reports that the risk of preec-
lampsia, neonatal mortality, and preterm delivery
is lower, and the risk of LGA neonates higher in
multiparae?®®. In our study, multiparae had
4.5-times more preterm deliveries, but the differ-
ence did not reach statistical significance, proba-
bly due to the small sample size.

CONCLUSIONS

Pregnancy in the presence of DM type 1 poses a
complex perinatologic problem for both the
mother and the child. Duration of the disease be-
fore pregnancy, the general health status of the
mother, proper treatment, appropriate diet, and
continuous correction of insulin dosage, quality
fetal follow-up, along with the experience and
knowledge of the staff and institution are the ba-
sic factors of the overall perinatal outcome. The
knowledge of the fetal origin of adult diseases
and the impact of epigenetics on placental devel-
opment and function (placental programming)
with all its sequels are additional elements in the
understanding of risky pregnancies in general,
and with DM type 1 in particular?*?2, Maternal
body composition and diet are thought to affect
fetal development and programming as a result
of both direct effects on substrate availability to
the fetus and indirectly through changes in pla-
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cental function and structure?. Pregnant women
with DM type 1 are a relatively small but high-
risk and medically specific population. Their man-
agement must be comprehensive, well designed,
standardized, and at the same time individual-
ized. Only specialized centers with due experi-
ence have the preconditions for such an approach
and can ensure appropriate team and multidisci-
plinary management. Our experience shows that
pregnant women, those with chronic diseases in
particular, are highly motivated to take due care of
their health. DM type 1 is an excellent example
where such a sudden and, unfortunately, fre-
quently temporary motivation should be best uti-
lized by the professionals and society.
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