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ABSTRACT 

 
The microscopic placental features that are found in gestational diabetes mellitus (GDM) have been 

widely studied. Current epidemiological trends indicate that GDM is increasingly associated with pre-gravid 
obesity. Reports on the histological features of placenta in pregnancies complicated by obesity are scarce. The 
aim of the study was to characterize the changes seen in GDM with obesity and compare them with those 
seen in only GDM. The placentas of 95 pregnant women were studied. Placentas were collected after delivery 
from three groups of pregnant women based on BMI and glycemic status. The normal body mass index (BMI) 
and normoglycemic women were the control group,  normal BMI and GDM were lean GDM group  and those 
who had obese BMI and had GDM belonged to the obese GDM group. The GDM groups showed increased 
degenerative and proliferative histopathological changes such as syncytial knots and fibrinoid necrosis as 
compared to control. The Obese GDM group showed increased villous fibrosis as compared to lean GDM 
groups, while the lean GDM group showed higher calcification. These changes are suggestive of the impact of 
the metabolic alterations on placenta. The interesting inference is that the placenta responds to the 
pathological insult by concomitant adaptive and degenerative changes. 
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INTRODUCTION 
 

The placenta is a feto-maternal organ that plays a vital role in maintaining a uterine environment 
conducive for fetal growth[1]. The placenta is subject to maternal and fetal metabolic influences that might 
alter its structure and function. Gestational diabetes mellitus (GDM) and obesity are two complicating 
conditions of pregnancy that are associated with adverse maternal and fetal outcomes[2]. It has been 
suggested that the obesity compounds the effect of GDM on pregnancy outcomes[2]. The altered metabolic 
milieu of these conditions act on the placental structure and function [3,4].  
  

The histological changes in GDM seem to vary with the study conditions and reports list diverse 
microscopic alterations   in the placenta[5]. The major findings in GDM placenta are increase in syncytial knots, 
fibrinoid necrosis, villous edema, villous fibrosis, crowding, increase in thickness of trophoblastic basement 
membrane , chorangiosis and villous immaturity[5–10]. The findings in obese placenta are chiefly 
inflammatory in character such as increased inflammatory lesions and inflammatory cells. There are very few 
studies that describe the effect of obesity on placental microstructure.  

 
GDM and obesity involve metabolic disturbances[2]. In GDM, there is increased insulin resistance, 

hyperinsulinemia,  hyperglycemia, and oxidative stress[11–13]. These changes may reflect in alterations of 
placental microstructure in GDM. Obesity is also characterized by glucotoxicity, lipotoxicity, increased 
oxidative and nitrative stress and in addition, it is an inflammatory state[14–16].   It can be proposed that due 
to the compounded pathologic biochemical abnormalities in obesity, the placenta may also show greater 
changes in GDM complicated by obesity as compared to both normal pregnancies and pregnancies with only 
GDM. This may in turn lead to compromise of placental efficiency which may translate to adverse pregnancy 
outcomes.  

 
The study was done to evaluate and compare the microstructural changes in the placenta in obese 

GDM pregnancies as compared to control and lean GDM pregnancies.  
 

MATERIALS AND METHODS: 
 
Placentas were collected immediately after delivery from ninety-five singleton pregnancies (n=95) 

after obtaining written informed consent. Out of the 95 women, 30 had normal pre-pregnancy BMI and 
normoglycemia and formed the control group (n=30). Participants who had been diagnosed as gestational 
diabetics according to DIPSI criteria in the 18-24 week of pregnancy, as having more than 140mg/dl of plasma 
glucose 2 hours after a 75gm glucose load[17] were enrolled in the study.  Pre-pregnancy BMI was calculated 
by the maternal height and weight recorded during the first ante-natal visit in the first trimester. The BMI cut-
off values according to the Indian health ministry guidelines which were based on the WHO recommendations 
were used to classify women as normal (18.5-22.9) and obese (>25) BMI. The GDM women were categorized 
into two groups as lean GDM and obese GDM based on whether they had normal or obese BMI respectively. 
Participants who had pre-existing diabetes mellitus, hypertension, anemia, surgical and medical conditions, 
smoking habit, and who exceeded the gestational weight gain recommendations were excluded from the 
study. 

 
Umbilical cord was tied and cut immediately after delivery and the placentas were washed in running 

tap water and collected and stored in formol saline for 24- 48 hours. The placenta was arbitrarily divided into 
three concentric zones from centre outward and three full thickness sections were obtained from each zone, 
namely central, middle and peripheral, for histopathological examination. The three blocks were processed 
and embedded in paraffin. Sections were cut at a thickness of 4um and stained with Hematoxylin and Eosin 
(H&E). Slides were stained for Masson’s trichrome (MT)and Periodic Acid Schiff (PAS) for histochemical 
analysis.  

 
The slides were observed and evaluated at 10x and 40x magnification for histological changes. The 

changes were evaluated chiefly under proliferative, degenerative, inflammatory and circulatory changes[6]. 
Chorangiosis was described as 10 fetal capillaries in ten or more terminal villi in ten or more fields under 10 x 
magnification[18]. The commonly reported features were determined from previous studies[6,19] and 12 
histological observations were observed. If present, a score of one was assigned to the histological feature and 
if absent, it was scored as zero. The total histopathological score was calculated for each placenta out of a 
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maximum of 12. All observations were carried out single-blind by the investigator and confirmed by an 
experienced pathologist.  

 
The study was carried out after obtaining institutional ethical committee approval. The study was 

multicentric and was carried out in three speciality obstetric clinics in an urban city of Tamilnadu in India. 
Presence of lesions was expressed as percentages and data was tabulated and analysed using the SPSS 
software (SPSS21.0.0, IBM). Comparison of groups was carried out by the non-parametric Kruskal Wallis test 
for multiple groups and pairwise comparison was done. Pearson’s correlation was used to study the 
association of total histopathological score with BMI. Differences were considered significant at p value < .05. 
 

RESULTS 
 
Degenerative changes: (Figure 1, 2 & 3) 

 

 
 

Figure 1: Increased intervillous and intravillous fibrinoid seen in the lean GDM and obese GDM group 
placentas 

 

 
 

Figure 2: Lean GDM placenta showing calcification and fibrinoid necrosis (10x; H&E stain) 
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Figure 3:  Increased villous fibrosis in obese GDM placenta as compared to control (10x; Masson trichrome) 

 
Hematoxylin and Eosin: There was increased percentage of villous edema and extra and intra-villous 

fibrinoid necrosis in both the lean GDM and obese GDM groups as compared to the control group (Figure 1).  
The increase in fibrinoid necrosis was significant. Calcification was significantly increased in the placentas of 
lean GDM groups, seen in 8 placentas (26.66%), as compared to control group where calcification was noted in 
1 placenta (3.33%)(Figure 2). The obese GDM group showed calcification in 5 placentas (14.29%). This was 
higher than the controls, though the difference was not significant. 
 

Masson’s trichrome (Figure 3): Villous fibrosis was seen to be significantly increased in the obese 
GDM group as compared to the control group, but not in the lean GDM group. 
 

Periodic Acid Schiff Stain:  The thickening of the trophoblastic basement membrane was seen in 7 
(23.33%) of lean GDM placentas, 5 (14.28%) of obese GDM placentas as compared to 1 (3.33%) control 
placenta. However, the difference was not statistically significant. There was no incidence of increase in 
glycogen deposits in the placenta of cases and as well as controls.  
 
Inflammatory changes:  
 

There were no instances of chronic villitis or increase in Hofbauer cells among the groups. 
 
Proliferative changes: (Figure 4 & figure 5) 

 

 
 

Figure 4: Increased syncytial knots (yellow arrows) from a lean GDM, obese GDM and control group 
placentas(10x; H& E stain) 
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Figure 5: GDM placenta showing hypovascular and cellular villi (10x; H& E stain) 
 

 
Statistically significant change was seen in the increased syncytial knots were seen in 20 lean GDM 

placentas (66.67%) and 22 (62.86%) of obese GDM placenta as compared to 10 (28.57%) of control placentas 
(Figure 3). Villous maldevelopment, showing hypovascular villi with few vasculo-syncytial membranes, was 
noticed in 2 (6.67%) placentas of lean GDM pregnancies and 5 (14.29%) placentas of obese GDM as compared 
to 0% of controls (Figure 4). 3 (10%) of the placentas from lean GDM group and 5 (14.29%) of the placentas 
from obese GDM group showed chorangiosis as compared to 0% of placentas of control group.  Difference in 
villous maldevelopment and chorangiosis were not statistically significant.  
 
Circulatory changes: 

 
Congestion of the fetal capillaries was seen in 7 (23.33%) of the placentas from lean GDM group and 

in 14 (40%) of placentas of obese GDM group as compared to 4 (13.33%) of control group. There was no 
incidence of nucleated RBCs as seen under high magnification in any of the groups. Interstitial hemorrhage was 
seen in 5 (16.66%) and 5 (16.66%) of the lean and obese GDM placentas respectively and in 2 (6.67%) of the 
normal placentas. 

 
Table 1:  Summary of the chief histopathological changes seen in comparison of GDM and control placentas 

and in between the lean GDM and obese GDM group placentas 
 

Parameter Observations (Significance at p < .05) 

Syncytial knots Increased in both lean GDM and obese GDM groups 

Fibrinoid necrosis Increased in both lean GDM and obese GDM groups 

Calcification Increased in lean GDM group 

Fibrosis Increased in obese GDM group 

Congestion, Chorangiosis, 
Villous edema, 

Villous maldevelopment 
Trophoblastic membrane thickening 

Increased from control group in the GDM placentas, but not 
significant 

 
Comparison of total histopathological scores for each group by Kruskal Wallis, two-tailed test showed 

significant difference between groups   (p< .05). Pairwise comparisons showed significant differences in the 
total histopathological score of lean GDM and control (p<.05) and in the scores of obese GDM and control 
groups (p<.05). Pearson’s test of correlation showed a weak but significant and positive correlation( r= .261; 
p=.011) with BMI.  
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DISCUSSION 
 
Placental alterations in structure and function occur based on the duration of the maternal disease 

and the underlying pathogenesis[5,20]. GDM has been associated with histological changes in placenta, though 
the type of lesions reported vary based on the timing of onset of GDM and the criteria that were adopted in 
methodology[5,20]. Studies show increase in the prevalence of GDM and this increase has been associated 
with the increase in obesity, especially in women of reproductive age group. Obesity and GDM are associated 
and independent risk factors for adverse pregnancy outcomes [2]. Both the conditions are characterized by 
glucotoxicity, lipotoxicity and increased insulin resistance[2].  
  

A study on women with diabetes classified histopathologica placental changes as inflammatory, 
circulatory, proliferative and degenerative in nature and listed 22 different types of histopathological lesions 
under these headings[6]. They concluded that GDM  placenta commonly featured  9 of these findings, most of 
which were degenerative, proliferative and circulatory[6].  A study on gestational diabetes also found 
predominant circulatory, proliferative and degenerative changes in GDM[19]. In our study, we evaluated 
changes under the same criteria but included 12 criteria to encompass the other changes such as basement 
membrane thickening that are often associated with GDM. The commonly reported histological changes seen 
in  obese placenta are seen to be characteristic of inflammation[21–23]. 
 
Degenerative changes: 
 
 Villous edema has been said to represent fetal ischemia. Several authors have reported increased 
villous edema in villi of GDM placenta[6–8,24–26]. Some authors did not find any increase in villous edema 
among villi[9,19]. In this study, villous edema was increased in GDM but not significantly so. Fibrinoid necrosis 
is a feature of term placenta that is limited to less than 10 percent of the villi. Increased amounts of fibrinoid 
deposition were seen in GDM placentas[6–9,19,24,27]. The results of this study are in agreement with these 
findings. Fibrinoid deposition is representative of increased degenerative changes or a result of  immunological 
responses[28]. The presence of fibrosis has been variably reported by authors. There has been report of 
increased fibrosis as seen by special histochemical staining[8,24]. This is in partial agreement with the findings 
of our study. The fibrosis was significantly increased in the placentas of obese GDM but not in placentas of 
lean GDM. Villous fibrosis is associated with hypoxic condition in the placenta[29]. The findings of the study 
may indicate that the obese GDM placenta are exposed to vascular functional disturbances that may have led 
to increased hypoxic conditions as compared to the control placentas. The trophoblastic membrane thickening 
has often been described in gestational diabetes as a result of abnormal mucopolysaccharide synthesis and 
deposition[9,24,25]. Our study results show an increase in the trophoblastic membrane thickness in a few 
placentas of the GDM groups as compared to normal, but the finding did not reach statistical significance. 
Increased  calcification was reported in GDM placentas[6,19,26]. Calcification in term placenta has been 
viewed as a sign of maturation. In the present study, there was significantly increased calcification seen in 
placenta of lean GDM as compared to controls but this was not seen in obese GDM placentas.  
 
Inflammatory changes: 

 
An increase of Hofbauer cells was discussed by an author in type I and gestational diabetes[20]. In 

maternal obesity, features of inflammatory change such as increased neutrophils and increase in macrophages 
was found in the placenta [22,23,30–32]. On the other hand, a report noted the absence of vascular or 
inflammatory findings from placenta of women who had obese pre-pregnancy BMI[33]. Our findings do not 
demonstrate any increase in chronic villitis or hofbauer cells in the lean and obese GDM placentas and in the 
control placentas. 
 
Proliferative changes:  

 
The normal term placenta demonstrates syncytial knots in less than 30% of the placental villi. 

Increased syncytial knots have been an often reported histopathological finding associated with GDM[8–10]. 
However, some authors did not report increased syncytial knots in GDM[6,24]. In our study, both the lean 
GDM and the obese GDM groups show an increase in syncytial knots. Syncytial knots have been attributed to 
either increased trophoblast synthesis or degenerative changes of the syncytiotrophoblast [34,35]. Villous 
maldevelopment is characterized by the increased cytotrophoblasts, and decrease in vasculo-syncytial 
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membranes in terminal villi[1]. Several studies have referred to gestational diabetic placentas as showing 
features of dysmaturity  or abnormality of villous development[25,26,36]. Placentas from GDM pregnancies 
show villous maldevelopment as compared to control placenta, though the differences were not significant. 
Chorangiosis has been described in GDM placenta[25,27,37]. Few studies did not find significant changes in 
chorangiosis in GDM placentas[6,8,19]. The present study shows marginal increased chorangiosis in GDM 
placenta which was not statistically significant.  
 
Vascular changes:  

 
The study finding reports increased percentage of congestion of fetal capillaries. This is similar to 

findings of increased congestion of fetal capillaries from gestational diabetic placentas[7,26]. The increased 
congestion might be a response of the placenta to altered vaso-active molecules seen in hypoxic placenta [38]. 
Though nucleated RBCs, which are interpreted as a sign of fetal hypoxia, was reported in GDM placenta [27], 
the present study did not find any instances of fetal nucleated red blood cells.  

 
Studies have established that maternal obesity complicates pregnancy outcomes in GDM patients[2]. 

Both the conditions are marked by increased insulin resistance glucotoxicity  and lipotoxicity[2]. There are a 
few variations in the pathologic mechanisms underlying GDM and obesity. There is evidence of increased 
oxidative stress in GDM[39]. In obesity, increased nitrative stress is seen[40,41]. There is increased activation 
of inflammatory pathways that is associated with increasing BMI[42,43]. The present study shows increase in 
the total histopathological score in obese and lean GDM placentas as compared to control placentas and 
positive and weak but significant correlation with BMI.  

 
In summary, the chief findings in lean GDM group and in obese GDM group placentas are 

degenerative, proliferative and circulatory. Differences between the lean GDM and obese GDM groups are 
seen in the increased calcification in lean GDM and in the increased fibrosis in obese GDM. The findings 
suggest that the mechanisms that influence the placenta and more significantly, the nature of the placental 
responses to the increasing BMI are different in both lean and obese GDM. Further this is supported by the 
increase in the total histopathological changes seen in lean GDM and obese GDM placentas and the weak 
positive correlation of the histopathological score with BMI. Further studies that study the biochemical and 
molecular changes that are associated with increasing BMI in obesity would shed light on the pathological 
mechanism that contribute to the placental changes and in turn, the adverse pregnancy outcomes. 
 

CONCLUSION 
 

The histological changes are seen in the placentas of lean GDM pregnancies and in the obese GDM 
pregnancies. The specific histopathologic changes, however, vary between the groups. There is a weak positive 
correlation of the histologic changes with body mass index. These findings might reflect the multiple 
mechanisms of pathogenesis that are present in GDM and in obesity and the varied response of the placenta 
thereof that might explain the increased adverse effects in GDM complicated by obesity. 
 

ACKNOWLEDGEMENTS 
 

We are grateful to Dr.T Ramani Devi, Dr. J. Susheela and Dr M. Thamilselvi for facilitating patient 
enrollment in the study. We would like to thank Dr.Priya Banthavi for her expert advice and assistance in 
histopathology.  
 

REFERENCES 
 

[1] Benirschke K, Burton GJ, Baergen RN. Pathology of the Human Placenta. 6th ed. Berlin Heidelberg: 
Springer-Verlag, 2012  

[2] Catalano PM, McIntyre HD, Cruickshank JK, McCance DR, Dyer AR, Metzger BE, et al. The Hyperglycemia 
and Adverse Pregnancy Outcome Study: Associations of GDM and obesity with pregnancy outcomes. 
Diabetes Care. 2012 Apr 1; 35(4):780–6.  

[3] Vambergue A, Fajardy I. Consequences of gestational and pregestational diabetes on placental function 
and birth weight. World J Diabetes. 2011 Nov 15; 2(11):196–203.  



ISSN: 0975-8585 

July–August  2018  RJPBCS 9(4)  Page No. 1466 

[4] Gauster M, Desoye G, Tötsch M, Hiden U. The Placenta and Gestational Diabetes Mellitus. Curr Diab 
Rep. 2012 Feb 1;12(1):16–23.  

[5] Huynh J, Dawson D, Roberts D, Bentley-Lewis R. A systematic review of placental pathology in maternal 
diabetes mellitus. Placenta. 2015 Feb 1;36(2):101–14.  

[6] Rudge MV, Lima CP, Damasceno DC, Sinzato YK, Napoli G, Rudge CV, et al. Histopathological placental 
lesions in mild gestational hyperglycemic and diabetic women. Diabetol Metab Syndr. 2011 Aug 
10;3:19.  

[7] Saha S, Biswas S, Mitra D, Adhikari A, Saha C. Histologic and morphometric study of human placenta in 
gestational diabetes mellitus. Italian Journal of Anatomy and Embryology. 2014 Jan 1;119(1):1.  

[8] Tewari V, Tewari A, Bhardwaj N. Histological and histochemical changes in placenta of diabetic pregnant 
females and its comparision with normal placenta. Asian Pac J Trop Dis. 2011 Mar 1;1(1):1–4.  

[9] Abou-Elghait AT, Abdel-Aziz HA, Mahmoud FY. Histological and immunohistochemical changes in 
placental chorionic villi of patients with poorly controlled gestational diabetes. Egypt J Histol. 2012 
Jun;35(2):259.  

[10] Al-Okail MS, Al-Attas OS. Histological Changes in Placental Syncytiotrophoblasts of Poorly Controlled 
Gestational Diabetic Patients. Endocr J. 1994;41(4):355–60.  

[11] Kaaja R, Rönnemaa T. Gestational Diabetes: Pathogenesis and Consequences to Mother and Offspring. 
Rev Diabet Stud RDS. 2008;5(4):194–202.  

[12] Buchanan TA, Xiang AH. Gestational diabetes mellitus. J Clin Invest. 2005 Mar 1;115(3):485–91.  
[13] Lappas M, Hiden U, Desoye G, Froehlich J, Mouzon SH, Jawerbaum A. The Role of Oxidative Stress in the 

Pathophysiology of Gestational Diabetes Mellitus. Antioxid Redox Signal. 2011 Jun 15;15(12):3061–100.  
[14] Li H-P, Chen X, Li M-Q. Gestational diabetes induces chronic hypoxia stress and excessive inflammatory 

response in murine placenta. Int J Clin Exp Pathol. 2013 Mar 15;6(4):650–9.  
[15] Morgan TK. Impact of Obesity on Uteroplacental Immunology and Placental Pathology. NeoReviews. 

2016 Feb 1;17(2):e70–9.  
[16] Kim J, Montagnani M, Koh KK, Quon MJ. Reciprocal relationships between insulin resistance and 

endothelial dysfunction: molecular and pathophysiological mechanisms. Circulation. 2006 Apr 
18;113(15):1888–904.  

[17] Seshiah V. Fifth National Conference of Diabetes in Pregnancy Study Group, India. Vol. 58. 2010. 329 p.  
[18] Altshuler G. Chorangiosis. An important placental sign of neonatal morbidity and mortality. Arch Pathol 

Lab Med. 1984 Jan;108(1):71–4.  
[19] Ilie R, Ilie C, Enatescu I, Craina M, Nyiredi A, Heredea R. Histological feto-  placental      interface changes 

in the gestational diabetes mellitus. Jurnalul Pediatrului. 2012 Jul 1;15. 
[20] Desoye G, Mouzon SH. The Human Placenta in Gestational Diabetes Mellitus: The insulin and cytokine 

network. Diabetes Care. 2007 Jul 1;30(Supplement 2):S120–6.  
[21] Denison FC, Roberts KA, Barr SM, Norman JE. Obesity, pregnancy, inflammation, and vascular function. 

Reproduction. 2010 Sep 1;140(3):373–85.  
[22] He M, Curran P, Raker C, Martin S, Larson L, Bourjeily G. Placental findings associated with maternal 

obesity at early pregnancy. Pathol Res Pract. 2016 Apr;212(4):282–7.  
[23] Bar J, Schreiber L, Saruhanov E, Ben-Haroush A, Golan A, Kovo M. Placental histopathological findings in 

obese and nonobese women with complicated and uncomplicated pregnancies. Archives of gynecology 
and obstetrics. 2012 Dec 1;286(6):1343-7  

[24] Treesh SA, Khair NS.  Histological Changes of the Human Placenta in Pregnancies Complicated with 
Diabetes. J Cytol Histol. 2015; 6:307 

[25] Gheorman L, Pleşea IE, Gheorman V. Histopathological-considerations-of-placenta-in-pregnancy-with-
diabetes. Rom J Morphol Embryol. 2012;53(2):329-36 

[26] Edu AN, Teodorescu C, Dobjanschi CG, Socol ZZ, Teodorescu VA, Matei A, Albu DF, Radulian GA. 
Placenta changes in pregnancy with gestational diabetes. Rom J Morphol Embryol. 2016 Jan 
1;57(2):507-12. 

[27] Daskalakis George, Marinopoulos Spyros, Krielesi Vasiliki, Papapanagiotou Angeliki, Papantoniou 
Nikolaos, Mesogitis Spyros, et al. Placental pathology in women with gestational diabetes. Acta Obstet 
Gynecol Scand. 2010 Dec 31;87(4):403–7.  

[28] Fox H. Fibrinoid necrosis of placental villi. J Obstet Gynaecol Br Commonw. 1968 Apr;75(4):448–52.  
[29] Chen C-P, Yang Y-C, Su T-H, Chen C-Y, Aplin JD. Hypoxia and Transforming Growth Factor-β1 Act 

Independently to Increase Extracellular Matrix Production by Placental Fibroblasts. J Clin Endocrinol 
Metab. 2005 Feb 1;90(2):1083–90.  



ISSN: 0975-8585 

July–August  2018  RJPBCS 9(4)  Page No. 1467 

[30] Challier J, Basu S, Bintein T, Hotmire K, Minium J, Catalano P, et al. Obesity in pregnancy stimulates 
macrophage accumulation and inflammation in the placenta. Placenta. 2008 Mar;29(3):274–81.  

[31] Huang L, Liu J, Feng L, Chen Y, Zhang J, Wang W. Maternal prepregnancy obesity is associated with 
higher risk of placental pathological lesions. Placenta. 2014 Aug 1;35(8):563–9.  

[32] Kovo M, Zion-Saukhanov E, Schreiber L, Mevorach N, Divon M, Ben-Haroush A, et al. The Effect of 
Maternal Obesity on Pregnancy Outcome in Correlation With Placental Pathology. Reprod Sci. 2015 Dec 
1;22(12):1643–8.  

[33] Loardi C, Falchetti M, Prefumo F, Facchetti F, Frusca T. Placental morphology in pregnancies associated 
with pregravid obesity. J Matern Fetal Neonatal Med. 2016 Aug 17;29(16):2611–6.  

[34] Fox H. The Significance of Villous Syncytial Knots in the Human Placenta. BJOG Int J Obstet Gynaecol. 
72(3):347–55.  

[35] Fogarty NME, Ferguson-Smith AC, Burton GJ. Syncytial knots (Tenney-Parker changes) in the human 
placenta: evidence of loss of transcriptional activity and oxidative damage. Am J Pathol. 2013 
Jul;183(1):144–52.  

[36] Elsennawy TM. Effect of gestational diabetes on gross morphology, histology and histochemistry of 
human placenta. Endocrinol Metab Syndr. 2016;5(5):1-3. 

[37] Madazlı R, Tuten A, Calay Z, Uzun H, Uludag S, Ocak V. The Incidence of Placental Abnormalities, 
Maternal and Cord Plasma Malondialdehyde and Vascular Endothelial Growth Factor Levels in Women 
with Gestational Diabetes Mellitus and Nondiabetic Controls. Gynecol Obstet Invest. 2008;65(4):227–
32.  

[38] Stanek J. Hypoxic Patterns of Placental Injury: A Review. Arch Pathol Lab Med. 2013 Apr 29;137(5):706–
20.  

[39] Coughlan MT, Vervaart PP, Permezel M, Georgiou HM, Rice GE. Altered Placental Oxidative Stress 
Status in Gestational Diabetes Mellitus. Placenta. 2004 Jan 1;25(1):78–84.  

[40] Roberts VHJ, Smith J, McLea SA, Heizer AB, Richardson JL, Myatt L. Effect of Increasing Maternal Body 
Mass Index on Oxidative and Nitrative Stress in the Human Placenta. Placenta. 2009 Feb;30(2):169–75.  

[41] Myatt L. Review: Reactive oxygen and nitrogen species and functional adaptation of the placenta. 
Placenta. 2010 Mar 1;31:S66–9.  

[42] Aye IL, Lager S, Ramirez VI, Gaccioli F, Dudley DJ, Jansson T, Powell TL. Increasing maternal body mass 
index is associated with systemic inflammation in the mother and the activation of distinct placental 
inflammatory pathways. Biology of reproduction. 2014 Jun 1;90(6):129-1.  

[43] Stewart FM, Freeman DJ, Ramsay JE, Greer IA, Caslake M, Ferrell WR. Longitudinal Assessment of 
Maternal Endothelial Function and Markers of Inflammation and Placental Function throughout 
Pregnancy in Lean and Obese Mothers. J Clin Endocrinol Metab. 2007 Mar 1;92(3):969–75.  


