
RESEARCH Open Access

Histopathological placental lesions in mild
gestational hyperglycemic and diabetic women
Marilza VC Rudge1*, César P Lima2, Débora C Damasceno1, Yuri K Sinzato1, Gustavo Napoli2, Cibele VC Rudge1,
Franciane Q Gallego1 and Iracema MP Calderon1

Abstract

Objective: To investigate and compare the incidence of histopathological placental lesions in mild gestational
hyperglycemia, gestational diabetes and overt diabetes at term and preterm gestation.

Research design and methods: One-hundred-and-thirty-one placental samples were collected from Diabetes
mellitus (DM) positive screened patients. Two diagnostic tests, glycemic profile and 100 g oral glucose tolerance
test (OGTT) in parallel identified 4 groups normoglycemic, mild gestational hyperglycemia (MGH), gestational DM
(GDM) or overt DM (DM). Placental tissue specimens and sections from 4 groups were obtained by uniform
random sampling and stained with hematoxylin-eosin.

Results: Placentas from MGH group presented 17 types of histopathological change and higher rates of syncytial
nodes and endarteritis. GDM placentas presented only nine types of histopathological change, high rates of
dysmaturity, low rates of calcification and no syncytial nodes. Overt DM placentas showed 22 types of
histopathological change, 21 of which were present in the preterm period. There were histopathological similarities
between MGH and DM placentas, but the former exhibited a higher incidence of endarteritis, which has been
described as a “post-mortem” phenomenon.

Conclusion: Our results confirmed that the distinct placental changes associated with DM and MGH depend on
gestational period during which the diabetic insult occurs. It may reasonably be inferred that subclinical maternal
hyperglycemia during pregnancy, as showed in MGH group, is responsible for increased placental endarteritis, a
postmortem lesion in the live fetus.
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Introduction
The placenta is a fetal tissue that separates the maternal
and fetal circulations and plays a central metabolic role
in pregnancy. The placenta of diabetic women has
attracted much interest, primarily because it is thought
that placental damage may be partially responsible for
the high incidence of fetal complications in pregnancies
complicated by Diabetes mellitus [1]. Glucose is the
main nutrient that passes to the fetus by facilitated dif-
fusion. Thus, increased amounts of glucose may reach
the fetus by facilitated transport through the placenta
[2]. Therefore, adaptations in cells that are in contact

with maternal and fetal circulation may occur in
response to this abundant glucose supply [1].
At term, the placentas of diabetic mothers show a

number of variations when compared to placentas from
non-diabetic mothers. Placentas of diabetic mothers
tend to be heavier [3] and exhibit immaturity of villi [4].
However, the morphological and histopathological
changes in Diabetes mellitus placentas are inconsistent
and even somewhat controversial [1]. Upon reviewing
the literature, no clear picture of the effects of diabetes
on the placenta emerges, most likely because of the vari-
ety of confounding factors that need to be controlled,
such as type of diabetes, severity of disease, modality of
treatment and quality of glycemic control. An attempt
has been made to find a clinical-morphological correla-
tion not only for manifest Diabetes mellitus, but also for
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clinically latent disturbances of carbohydrate metabo-
lism. The timing of departures from excellent glycemic
control is critical in placental development and may
affect diabetes-related changes in the placenta [5].
There is controversy regarding the risk of adverse out-

comes associated with types of maternal glucose intoler-
ance that are less severe than overt diabetes [6]. Rudge
used two parallel diagnostic tests, 100-g OGTT and
Glucose Profile (GP), to classify pregnant women. GP
measures maternal plasma glucose levels every two
hours, from 8:00 AM to 6:00 PM while a standard diet
of 2840 calories divided into five meals is given. A fast-
ing glucose level of 90 mg/dL and postprandial glucose
of 130 mg/dL are considered normal, and a single
abnormal value confirms hyperglycemia. The combina-
tion of normal 100-g OGTT with altered GP defined a
new group of pregnant women who show mild gesta-
tional hyperglycemia but do not present the criteria for
gestational Diabetes mellitus [7]. This group can still
present glucose-mediated macrosomia, perinatal mortal-
ity rates and adverse perinatal outcomes similar to those
with GDM [8-18]. Studies have shown that maternal
postprandial glucose concentration is the most impor-
tant determinant of fetal overgrowth [19,20]. These find-
ings demonstrate the constant risk for fetal morbidity
associated with increasing maternal glucose intolerance
in pregnancy [18,21].
It is not known if mild degrees of hyperglycemia are

associated with the same histopathological lesions as
GDM or if these lesions are still present in the preterm
period. An elevation in the incidence of apoptosis and
Bcl-2 in the placentas of mild gestational hyperglycemia
has been demonstrated [22]. Calderon et al. [23]
observed higher total area of placental terminal villi as
well as a number of small villi and villous vessels, sug-
gesting a structural adaptive response to hypoxia in the
placenta [1].
The diabetic environment may have profound effects

on placental development and functions [24]. Recently it
was proposed that these specific effects critically depend
on the time period of gestation when the insult of dia-
betic environment acts upon the placenta [25]. Some
placental alterations continue to occur despite improve-
ments in maternal glycemic control over the last dec-
ades, thus indicating that hyperglycemia is not the only
causal factor [26,27]. We hypothesized that histopatho-
logical placental lesions are similar in patients with a
wide range of glucose tolerance either in preterm or in
term. Thus, the aim of the present study was to investi-
gate and compare the incidence of histopathological
lesions in placentas in mild gestational hyperglycemia,
gestational diabetes and overt diabetes at term and pre-
term gestation.

2. Material and methods
2.1 Population
The Ethics Committee for Research of Botucatu Medical
School - Unesp (Brazil) approved all procedures. The
women in the study also formally consented to sample
collection and the study goals. The methods used were
previously by Ghidini and Salafia [28]. All placentas
were prospectively collected from non-anomalous, sin-
gleton, live-born infants delivered between 34 and 38
weeks over the last year. Gestational age was established
by date of last menstrual period or early ultrasono-
graphic assessment, and the placentas were classified as
term or preterm (< 37 weeks). Hospital charts were
reviewed to confirm that the diagnostic criteria were
met in all cases. Birth weight centiles were assigned
based on the standards of Lubchenko et al. [29].
Gestational diabetes was diagnosed according to the

American Diabetes Association (ADA) criteria [30] for
the 100 g oral glucose tolerance test (OGTT), and mild
gestational hyperglycemia was diagnosed by normal
OGTT and altered glycemic profile (GP) [7]. Altered GP
were considered when any two values are found or
exceed fasting glycemia 90 mg/dL and post-prandial 130
mg/dL. The diagnostic tests were performed between 24
and 26 weeks of gestation in all positive screened
patients [30]. Women presenting pre-gestational dia-
betes were included in overt diabetes group [31]. The
normoglycemic group included healthy mothers with
normal OGTT and normal glucose profile, delivered
vaginally healthy babies at term. For the achievement of
normoglycemia diabetic and mild gestational hyperglyce-
mic patients were treated by diet alone and if necessary,
by diet plus insulin
Glycemic control was assessed during pregnancy. Ade-

quate glycemic control during pregnancy was defined as
a glycemic mean of 120 mg/dl or less, and inadequate
control was defined as a glycemic mean higher than 120
mg/dl.
Placental tissues were taken immediately after delivery

from 131 pregnancies at Botucatu University Hospital -
Unesp, a tertiary care hospital in Brazil, and classified as
follows: mild gestational hyperglycemic (n = 34), gesta-
tional diabetic (n = 8), overt diabetes (n = 83) and nor-
moglycemic (n = 6). The placental pathology
examinations were performed following a standard pro-
tocol, and the same pathologist, who was blinded to the
clinical data, reviewed all slides.
Placental tissues samples were collected and dissected

from the central part of the placental bed and prepared
for histopathological analyses. The fragments were then
either immediately fixed in formalin, dehydrated in a
graded ethanol series and embedded in paraffin accord-
ing to a standard protocol, sectioned at 5 μm and
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mounted on glass slides for hematoxylin-eosin staining.
The overall morphology of the placenta was evaluated
under a light microscope. The placental histopathologi-
cal analyses were performed in a computerized image
system coupled to a photomicroscope by a digital cam-
era. From each slide, 10 fields were randomly selected.
Twenty-two histopathological changes [32] identified

in a pilot study were grouped according to etiopatho-
geny. Lesions of circulatory pathology included cystoid
degeneration, chorial edema, edema of the intima, inter-
stitial hemorrhage, congestion and subchorial infarction.
Lesions indicative of degeneration included villus
edema, villus or intervillus fibrosis, calcification and
focal hyaline degeneration. Lesions of proliferation
included dysmaturity, Hofbauer cell hyperplasia, chor-
ioangiosis and syncytial nodes. Lesions of inflammation
included villitis and focal amnionitis. Other lesions
included “phantom cells” or cell remnants, two vessels,
endarteritis, duplicate membrane and cord hemorrhage.
A semiquantitative lesion score of 0 -1 was assigned
based on absence or presence of histopathological
changes. The total of these scores was used to calculate
the total score within each group of pregnant women by
gestational age (term and preterm) and glycemic control
(optimal and non-optimal).
The (%) placental changes index (PCI) was calculated

using the following formula:

PCI (% ) =
Total score × 100

22 × n

where 22 was the number of histopathological changes
observed in the placentas of diabetic women in a pilot
study, and n the number of placentas evaluated in each
group.
Data are presented as means or percentages. The Chi-

square test (c2), followed by the exact Fisher test, when

necessary, was used to compare histopathological
changes between groups. Unpaired Students t-test was
used to compare maternal glycemia mean values [33]. P
values of < 0.05 were considered significant.

Results
Table 1 displays the demographic and clinical character-
istics of the four groups. Women were compared consid-
ering maternal age. Maternal glycemic mean increased
progressively across the diagnostic groups. Mean new-
born weights were similar but prematurity was more pre-
valent in the overt DM compared to MGH group.
The placental histological changes grouped according

to etiopathogeny showed no significant differences
(Table 2). All 22 histopathological changes were present
in the placentas of the overt DM group, 21 of which
were already observed in preterm period. Some histo-
pathological changes were detected only in the placentas
of GDM women: chorial edema, intimal edema, Hof-
bauer cell hyperplasia and villitis. The placentas of the
GDM group presented only nine histopathological
changes and were characterized by absence of syncytial
nodes, dysmaturity and less calcification than the nor-
moglycemic group. The placentas of the MGH group
showed changes not detected in the placentas of normo-
glycemic group but present in diabetic women: cystoid
degeneration, dysmaturity, phantom cells, two vessels in
the umbilical cord, and endarteritis. The MGH group
presented 17 changes, 13 of which were detected during
the preterm and at term periods, these placentas showed
syncytial nodes and increased endarteritis. Subchorial
infarct and a duplicate membrane characterized the nor-
moglycemic placenta.
There were no significant differences in placental

changes index (PCI) among the four groups within cate-
gories of gestational age and glycemic control (Table 3).

Table 1 Demographic, obstetric and perinatal characteristics of the study population

Pregnant groups

Characteristics Normoglycemia MGH GDM Overt DM

Maternal age (years) 26.7a 31.1 a 27.1 a 29.0 a

Maternal glycemic mean (mg/dl) 86.2 a 98.9 b 114.1 c 122.1d

Newborns

Birth weight (grams) 3250 a 3194 a 3490 a 3180 a

Term 6 (100.0) a 28 (82.3) a 8 (100.0) a 28 (33.7) a

Preterm 0 6 (17.7) a 0 55 (66.3) b

LGA 1 (16.7) 4 (11.8) 2 (25.0) 23 (27.7)

AGA 5 (83.3) 28 (82.4) 6 (75.0) 55 (66.3)

SGA 0 2 (5.9) 0 5 (6.0)

Total number 6 34 8 83

Data presented as mean or number (%)

LGA: Large for Gestational Age; AGA: Adequate for Gestational Age; SGA: Small for Gestational Age

Values followed by different letters present significant statistically difference (p < 0.05)
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Discussion
Our results show that placentas from MGH mothers
presented more syncytial nodes and endarteritis and
exhibited 17 of 22 histopathological changes. Recent stu-
dies suggest that endarteritis is a “post-mortem” lesion
[34,35]. According to these authors, this lesion is not
inflammatory and frequently results from thrombosis of
proximal vessels. This is a microangiopathy resembling
the glomerulopathy of hemolytic-uremic syndrome
either in etiology or in pathology. It does not represent
a specific entity but is a typical “post mortem” phenom-
enon [34]. Therefore, the higher endarteritis incidence
in the MGH placentas may explain the high perinatal
mortality rate detected in this population [7] and rein-
force the new large correlation between progressive and
continuous levels of maternal glycemia and adverse
maternal and perinatal outcomes [36]. It is also possible
that the higher incidence of endarteritis may have been
responsible for the 17.7% of premature deliveries in

these pregnancies. More studies are necessary to con-
firm this observation.
The glycemic index of food probably represents the

physiological basis for the hyperglycemic levels detected
in these patients. A mixed nutrient meal elicit a more
robust insulin response and may be more physiologic
measure of maternal hyperglycemia and subsequent
macrossomia [37]. Mild hyperglycemic exchanges
throughout the placenta are probably an answer to low
intrauterine hypoxia and may be responsible for the
alterations associated with hypervascularization of the
terminal villous that were present in this organ [23].
Recently the Hapo Study (2008) identified a significant
correlation between all three maternal OGTT values
bellow those meeting of the exclusion criteria from dia-
betes study, and absolute and relative birth weight and
protocol-driven neonatal c-peptide and glucose values.
There is a quantitative relationship between levels of
maternal glycemia and adverse maternal and perinatal

Table 2 Number and percentage (%) of placental histopathological changes in women presenting normoglycemia,
mild gestational hyperglycemia, gestational diabetes mellitus and overt diabetes mellitus

Pregnant groups

Histopathological changes Normoglycemia MGH GDM Overt DM

Circulatory

Cystoid degeneration 0 1 (2.9) 1 (12.5) 3 (3.6)

Chorial edema 0 0 0 2 (2.4)

Intima edema 0 0 0 4 (4.8)

Interstitial hemorrhage 1 (16.7) 2 (5.9) 0 3 (4.8)

Congestion 2 (33.3) 17 (50.0) 3 (37.5) 52 (62.6)

Subchorial infarct * 2 (33.3) a 3 (8.8) b 0 3 (3.6) b

Degenerative

Villus edema 1 (16.7) 7 (20.6) 3 (37.5) 18 (21.7)

Villus fibrosis 1 (16.7) 8 (23.5) 0 11 (13.2)

Intervillus fibrosis 3 (50.0) 28 (82.4) 6 (75.0) 65 (78.3)

Calcification * 4 (66.7) a 15 (44.1) a 1 (12.5) b 42 (50.6) a

Focal hyaline degeneration 4 (66.7) 28 (82.4) 6 (75.0) 71 (85.5)

Proliferative

Dysmaturity 0 5 (14.7) 3 (37.5) 8 (9.6)

Hofbauer hyperplasia 0 0 0 1 (1.2)

Chorioangiosis 1 (16.7) 4 (11.8) 0 7 (8.4)

Syncytial nodes 1 (16.7) a 11 (32.4) b 0 8 (9.6) a

Inflammatory

Villitis 0 0 0 2 (2.4)

Focal amnionitis 1 (16.7) 4 (11.8) 1 (12.5) 7 (8.4)

Others

Phantom cells 0 2 (5.9) 0 1 (1.2)

Two vessels 0 1 (2.9) 0 3 (3.6)

Endarteritis 0 8 (23.5) a 1 (12.5) b 7 (8.4) b

Duplicate membrane 2 (33.3) a 0 0 1 (1.2) b

Cord hemorrhage 3 (50.0) 5 (14.7) 0 14 (18.1)

Total number 6 34 8 83

Values followed by different letters present significant statistically difference (p < 0.05)
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outcomes and it was demonstrated to be progressive and
continuous. It may reasonably be inferred that placental
alterations, specifically endarteritis as a post mortem
lesion and the presence of 17 from 22 histopathological
changes in the MGH group, with a subclinical maternal
hyperglycemia during pregnancy, which predisposes to
macrosomia and late fetal death. Maternal hyperinsuline-
mia in MGH that persists after delivery [38] is a possible
candidate mechanism to explain the high endarteritis
occurrence in MGH placenta since if it persists after
delivery and it could be present early in the next gesta-
tion. More studies are necessary to confirm this hypoth-
esis. Evers et al. [39] were surprised to find that
histological abnormalities of LGA-control placentas were
almost comparable to those of diabetic mothers. One
possible explanation is that the control women had
MGH, which could only be disproven with the repeated
measurement of normal glucose levels during pregnancy.
These authors did not submit their patients to glucose
profile, and they may be similar to the MGH group in
our study [7]. The increased maternal BMI in control
group this study [39] is also similar to the MGH group
[38]. Despite the improvement in maternal glycemic con-
trol in GDM mothers, 25% of their newborns were classi-
fied as LGA, and all of them were at term. This
population exhibited rates of LGA equivalent to those
observed by Rudge et al. [7] but perinatal mortality simi-
lar to the diabetic patients treated with insulin. The pla-
centas of GDM patients were characterized by a high
incidence of dysmaturity, low indices of calcification, and
absence of syncytial nodes, despite all newborns being
born at term. These changes were not statistically signifi-
cant but suggest delayed placental maturation. The
decreased incidence of calcification might explain the
delay in placental senescence observed by ultrasound in
gestational diabetic patients [40].
The overt DM mothers had a higher glycemic mean

during pregnancy, 27.7% prevalence of LGA and the

highest incidence of prematurity among the evaluated
groups. The placentas of these patients presented all
22 histopathological changes, 21 of which were already
present at preterm period. The early occurrence of
these histopathological changes may be a cause of the
higher perinatal mortality of diabetic mothers. How-
ever, paired studies are necessary to test this hypoth-
esis due to the different indications for optimum
timing of delivery, including worsening of maternal
condition, reduced insulin necessity, fetal hypoxia and
fetal pulmonary maturity. The results found in the
overt diabetic group confirmed the Desoye et al.’ pro-
position [25], where specific effects depends on the
time of gestation when the insult of diabetic environ-
ment acts upon the placenta. Studies of synchronized
placental changes with different indications for elective
preterm delivery may help to explain the non-signifi-
cant correlation between clinical aspects and placental
histopathology in diabetes.
In conclusion, our results confirmed that the distinct

placental changes associated with DM and MGH
depend on gestational period when the diabetic insult
occurs, and thus on the type of diabetes [24]. It may
reasonably be inferred that subclinical maternal hyper-
glycemia during pregnancy, as showed in MGH group is
responsible not only for adverse perinatal outcome
[7,36] but also for increased placental endarteritis, a
postmortem lesion in the live fetus.
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Author details
1Department of Gynecology and Obstetrics, Botucatu Medical School, Univ
Estadual Paulista_Unesp, São Paulo State, Brazil. 2Department of Pathology,
Federal School of Medical Sciences of Porto Alegre, Brazil.

Authors’ contributions
CPL and GN participated in the acquisition, analysis and interpretation of
data and helped to draft the manuscript. DCD, MVCR, CVCR, FQG, YKS and
IMPC participated in its design, analysis and interpretation of data and
helped to draft the manuscript. All authors read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 18 May 2011 Accepted: 10 August 2011
Published: 10 August 2011

References
1. Desoye G, Myatt G: The placenta. In Diabetes in Women–Adolescent,

Pregnancy, and Menopause.. 3 edition. Edited by: Reece EA, Coustan DR,
Gabbe SG. Lippincott Williams 2004:147-157.

2. Holemans K, Aerts l: Lessons from experimental research: lasting
consequences of fetal development in an abnormal intra-uterine milieu.
European Practice in Gynecology and Obstetrics: Diabetes and Pregnancy
2004, 124-139.

Table 3 Index of placental changes (IPC) in women
presenting normoglycemia, mild gestational
hyperglycemia, gestational diabetes mellitus and overt
diabetes mellitus according to gestational age (term and
preterm) and to glycemic control (adequate and
inadequate)

Pregnant groups

IPC Normoglycemia MGH GDM Overt
DM

Term* 19.7 19.0 14.2 20.1

Preterm* - 24.2 - 17.3

Adequate glycemic control* - 19.9 14.2 18.9

Inadequate glycemic
control*

- 20.4 - 16.6

*p > 0.05 - non significant.

Rudge et al. Diabetology & Metabolic Syndrome 2011, 3:19
http://www.dmsjournal.com/content/3/1/19

Page 5 of 6



3. Taricco E, Radaelli T, Nobile de Santis MS, Cetin I: Fetal and placental
weight in relation to maternal characteristics in gestational diabetes.
Histological placental lesions in women with recurrent preterm delivery
Placenta 2003, 24:343-347.

4. Daskalakis G, Marinopoulos S, Krielesi V, Papapanagiotou A, Papantoniou N,
Mesogitis S, Antsaklis A: Placental pathology in women with gestational
diabetes. Acta Obstet Gynecol Scand 2008, 87:403-7.

5. Desoye G, Mouzon SH, Shafir E: The placenta of diabetic pregnancy. In
Textbook of Diabetes in Pregnancy.. 1 edition. Edited by: Hod M, Jovanovic L,
Di Renzo G, Leiva A, Langer O. Martin Dunitz, London; 2003:127-147.

6. HAPO Study Cooperative Research Group: The Hyperglycemia and
Adverse Pregnancy Outcome (HAPO) study. Intern J Gynecol Obstet 2002,
78:69-77.

7. Rudge MVC, Calderon IMP, Ramos MD, Abbade JF, Rugolo LMSS: Perinatal
outcome of pregnancies complicated by diabetes and by maternal daily
hyperglycemia not related to diabetes. A retrospective 10 year analysis
Gynecol Obstet Invest 2000, 50:108-112.

8. Hod M, Merlob P, Friedman S, Schoenfeld A, Ovadia J: Gestational diabetes
mellitus: a survey of perinatal complications in the 1980s. Diabetes 1991,
40:74-8.

9. Sermer M, Naylor CD, Gare DJ, Kenshole AB, Richie JWK, Farine D,
Cohen HR, McArthur K, Holzapfel S, Biringer A: For the Toronto Tri-Hospital
Gestational Diabetes Investigators. Impact of increasing carbohydrate
intolerance on maternal-fetal outcomes in 3637 women without
gestational diabetes. The Toronto tri-Hospital Gestational Diabetes
Project. Am J Obstet Gynecol 1995, 173:146-156.

10. Mello G, Parretti E, Mecacci F, Lucchetti R, Cianciulli D, Lagazio C, Pratesi M,
Scarselli G: Anthropometric characteristics of full-term infants: effects of
varying degrees of ‘normal’ glucose metabolism. J Perinat Med 1997,
25:197-204.

11. 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 J Perinatol 1999, 16:269-75.

12. Vambergue A, Nuttens MC, Verier-Mine O, Dognin C, Cappoen JP,
Fontaine P: Is mild gestational hyperglycemia associated with maternal
and neonatal complications? The Digest study. Diabet Med 2000,
17:203-8.

13. Aberg A, Rydhstroem H, Frid A: Impaired glucose tolerance associated
with adverse pregnant outcome: a population based study in southern
Sweden. Am J Obstet Gynecol 2001, 184:77-83.

14. Scholl TO, Sowers MF, Chen X, Lenders C: Maternal glucose concentration
influences fetal growth, gestation, and pregnancy complications. Am J
Epidemiol 2001, 154:514-20.

15. Rudge MCV, Calderon IMP, Ramos MD, Abbade JF, Rugolo LMSS: Perinatal
outcome of pregnancies complicated by maternal mild hyperglycemia
not related to diabetes - a retrospective 10-year analysis. Gynecol Obstet
Invest 2000, 50:108-112.

16. Gezer A, Esen F, Mutlu H, Oztürk E, Ocak V: Prognosis of patients with
positive screening but negative diagnostic test for gestational diabetes.
Arch Gynecol Obstet 2002, 266:201-4.

17. Rudge MVC, Calderon IMP, Ramos MD, Brasil MAM, Rugolo LMSS,
Bossolan G, Odland JO: Hiperglicemia materna diária diagnosticada pelo
perfil glicêmico: um problema de saúde pública materno e perinatal. Rev
Bras Ginecol Obstet 2005, 27:691-7.

18. Lapolla A, Dalfrà MG, Bonomo M, Castiglioni MT, Di Cianni G, Masin M,
Mion E, Paleari R, Schievano C, Songini M, Tocco G, Volpe L, Mosca A: Can
plasma glucose and HbA1c predict fetal growth in mothers with
different glucose tolerance levels? Diabetes Res Clin Pract 2007, 3:465-70.

19. Rendell MS, Jovanovic L: Targeting postprandial hyperglycemia.
Metabolism 2006, 55:1263-81.

20. Rudge MV, Lima CA, Paulette TA, Jovanovic L, Negrato CA, Rudge CV,
Calderon IM, Dias A, Atallah AN: Influence of lower cutoff values for 100-g
oral glucose tolerance test and glycemic profile for identification of
pregnant women at excessive fetal growth risk. Endocr Pract 2008,
14:678-85.

21. Schäfer-Graf UM, Dupak J, Vogel M, Dudenhausen JW, Kjos SL,
Buchanan TA, Vetter K: Hyperinsulinism, neonatal obesity and placental
immaturity in infants born to women with one abnormal glucose
tolerance test value. J Perinat Med 1998, 26:27-36.

22. Sgarbosa F, Barbisan LF, Brasil MAM, Costa E, Calderon IMP, Gonçalves CR,
Bevilacqua E, Rudge MVC: Changes in apoptosis and Bcl-2 expression in

human hyperglycemic, term placental trophoblast. Diabetes Res Clin Pract
2006, 73:143-9.

23. Calderon IMP, Damasceno DC, Amorin RL, Costa RA, Brasil MA, Rudge MV:
Morphometric study of placental villi and vessels in women with mild
hyperglycemia or gestational or overt diabetes. Diabetes Res Clin Pract
2007, 78:65-71.

24. Hiden U, Desoye G: The placenta in diabetes in pregnancy. In A practical
manual of diabetes in pregnancy. Volume 1.. 1 edition. Edited by: McCance
DR, Maresh M, Sacks DA. USA: Wiley e Blackwell; 2010:26-33.

25. Desoye G, Hauguel-de Mouzon S: The human placenta in gestational
diabetes mellitus. The insulin and cytokine network. Diabetes Care 2007,
30(Suppl 2):S120-6.

26. Evers IM, de Valk HW, Mol BW, ter Braak EW, Visser GH: Macrosomia
despite good glycaemic control in Type I diabetic pregnancy; results of
a nationwide study in The Netherlands. Diabetologia 2002, 45:1484-9.

27. Pietryga M, Brazert J, Wender-Ozegowska E, Dubiel M, Gudmundsson S:
Placental Doppler velocimetry in gestational diabetes mellitus. J Perinat
Med 2006, 34:108-10.

28. Ghidini A, Salafia CM: Histologic placental lesions in women with
recurrent preterm delivery. Acta Obstet Gynecol Scand 2005, 84:547-50.

29. Lubchenko LO, Hasman C, Dressler M: Intrauterine growth as estimated
from liveborn birth weight data at 24 to 42 weeks of gestation. Pediatrics
1963, 32:793-800.

30. American Diabetes Association (ADA): Gestational Diabetes mellitus:
position statements. Diabete Care 2003, 26: [http://care.diabetesjournals.
org/content/26/suppl_1/s103.full].

31. American Diabetes Association (ADA): Diagnosis and classification of
diabete mellitus. Diabetes Care, v 2008, 32:30-45.

32. Fox H: Pathology of the placenta. Philadelphia: Saunders; 1978.
33. Zar JH: Bioestatistical analysis. New Jersey: Prentice Hall; 1999.
34. Benirschke K, Kaufmann P: Pathology of the human placenta. New York:

Springer-Verlag; 2000.
35. Genest DR: Estimating the time of death in stillborn fetuses. II Histologic

evaluation of the placenta; a Study of 71 stillborns Obstet Gynecol 1992,
80:585-92.

36. HAPO Study Cooperative Research Group, Metzger BE, Lowe LP, et al:
Hyperglycemia and adverse pregnancy outcomes. N Engl J Med 2008,
358:2061-3.

37. Carpenter MW: Diagnosis of hyperglycemia in pregnancy. In A practical
manual of diabetes in pregnancy. Volume 1.. 1 edition. Edited by: McCance
DR, Maresh M, Sacks DA. USA: Wiley e Blackwell; 2010:57-64.

38. Negrato CA, Jovanovic L, Tambascia MA, Calderon Ide M, Geloneze B,
Dias A, Rudge MV: Mild gestational hyperglycaemia as a risk factor for
metabolic syndrome in pregnancy and adverse perinatal outcomes.
Diabetes Metab Res Rev 2008, 24:324-30.

39. Evers IM, Nekkel PGJ, Sikkema JM, Visser GHA: Placental pathology in
women with Type I Diabetes and in a control group with normal and
large for gestational-age infants. Placenta 2003, 24:819-25.

40. Reece EA, Coustan DR: Diabetes mellitus in pregnancy New York: Churchill
Livingstone; 1995.

doi:10.1186/1758-5996-3-19
Cite this article as: Rudge et al.: Histopathological placental lesions in
mild gestational hyperglycemic and diabetic women. Diabetology &
Metabolic Syndrome 2011 3:19.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Rudge et al. Diabetology & Metabolic Syndrome 2011, 3:19
http://www.dmsjournal.com/content/3/1/19

Page 6 of 6

http://www.ncbi.nlm.nih.gov/pubmed/18382864?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18382864?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1748270?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1748270?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7631672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7631672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7631672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7631672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7631672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9189841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9189841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10586979?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10586979?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10586979?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10784224?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10784224?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11174484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11174484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11174484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11549556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11549556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10965194?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10965194?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10965194?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12192479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12192479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16919548?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18996785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18996785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18996785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9595364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9595364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9595364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16563550?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16563550?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17360067?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17360067?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17596459?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17596459?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12436330?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12436330?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12436330?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16519613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15901265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15901265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14075621?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14075621?dopt=Abstract
http://care.diabetesjournals.org/content/26/suppl_1/s103.full
http://care.diabetesjournals.org/content/26/suppl_1/s103.full
http://www.ncbi.nlm.nih.gov/pubmed/20129335?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18463383?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18254163?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18254163?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/13129678?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/13129678?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/13129678?dopt=Abstract

	Abstract
	Objective
	Research design and methods
	Results
	Conclusion

	Introduction
	2. Material and methods
	2.1 Population

	Results
	Discussion
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


