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Background & Objective: Delayed Villous Maturation (DVM) is a histological 
hallmark in Gestational Diabetes Mellitus (GDM) pregnancies commonly observed 
after 36 weeks of gestation. It is associated with perinatal morbidity and mortality. Our 
study aims to assess DVM in the term placentas of GDM pregnancies and its association 
with its perinatal outcomes compared to normal pregnancies. 
Methods: A total of 120 term placentae from GDM and normal pregnancies were 
collected from the Obstetrics and Gynaecology Department for one year and subjected to 
histopathological examination to evaluate DVM and its association with placental 
morphology and perinatal outcomes. 
Results: The current study found statistically significant increased presence of DVM in 
GDM placentas and its association with placental weight, diameter, maternal weight, 
glycated haemoglobin and foetal weight. The present study also observed presence of 
DVM with chorangiosis in a GDM placenta.  

Conclusion: The present study has found a statistically significant association of DVM 
in GDM pregnancies with its perinatal outcomes compared to normal pregnancies. 
There is no antenatal ultrasound marker to detect placental DVM and adverse foetal 
outcomes caused due to it. Since there is risk of reoccurrence of DVM and type 2 
diabetes in future pregnancies, identification of DVM in GDM pregnancies and its 
clinical association with foetal outcomes should be considered clinically important.  
This may explain the cause of intrauterine foetal deaths and adverse neonatal outcomes 
in the current pregnancy and indicating a need for comprehensive maternal care in 
future pregnancies to prevent perinatal outcomes by implementing Rescue by birth. 
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Introduction
The placenta is the vital organ for the growth and 

development of the foetus (1). The combined function 
of maternal, foetal and placental components 
determines the outcome of foetal growth (2). 
Gestational Diabetes Mellitus (GDM) is described as 

glucose intolerance of varying degree with the onset of 
first recognition during pregnancy (3). In GDM 
placentas, Delayed Villous Maturation (DVM) is a 
common histopathological finding. It is a placental 
maturation defect also known as villous immaturity or 

https://dx.doi.org/10.30699/ijp.2026.2074182.3559
mailto:supriyapremkumar21@gmail.com
https://orcid.org/0009-0005-2446-9393


296 Delayed villous maturation in Gestational Diabetes Mellitus Placentas. 
 

   Vol.21, No.2 Spring, 2026                                                                                IRANIAN JOURNAL OF PATHOLOGY 

Distal villous immaturity (DVI) or villous dysmaturity 
(4-8). The present study prefers to use the term DVM as 
it is recommended by Yee Khong T et al. (8). In DVM, 
there is no or lesser maturation of the terminal placental 
villi, and it is associated with Diabetes mellitus and 
gestational diabetes mellitus with increased perinatal 
mortality and morbidity (5,6). DVM complicates up to 
2-5% of all pregnancies with a risk of 10% recurrence 
in future pregnancies and in 2% of pregnancies DVM 
may cause stillbirth (9). DVM is commonly seen in 
more than 36 weeks and less than 34 weeks of gestation 
(8). Since DVM results in adverse perinatal outcomes 
with a risk of reoccurrence, the present study aims to 
assess DVM with its perinatal outcomes in the term 
placentas of GDM pregnancies. Identification of DVM 
in GDM pregnancies and its association with placental 
morphology and pregnancy outcomes will help to 
prevent its reoccurrence, reduce stillbirth and adverse 
perinatal outcomes in future pregnancies. 

 
Materials and Methods 

Study Setting 
The present study was a prospective, comparative 

cross-sectional study, conducted at Obstetrics and 
Gynaecology Department, Karnataka Medical College 
and Research Institute (KMC-RI) and Department of 
Anatomy, KLE JGMM Medical College and Hospital 
Hubballi, for the period of one year from September 
2024 to September 2025. After Human ethics 
committee approval with reg no: 
ECR/486/Inst/KA/2013/RR-16-04:2023-2024 and the 
Clinical Trials Registry India (CTRI) No: 
CTRI/2024/09/073403. Informed consent from the 
mother was obtained before the collection of placentas. 

Study population 
The GDM was diagnosed according to The 

Diabetes in Pregnancy Study Group India (DIPSI) 
criteria (10). The term placentas with gestational age 
from 37 to 42 weeks, either by vaginal or caesarean 
section were collected from both GDM and normal 
pregnancies. The confirmed cases of GDM pregnant 
females who were on treatment with diet, oral or 
insulin were included as the study group. And the 
placentas of pregnant women without any medical 
issues before pregnancy were included as a control 
group in the study. Women with overt diabetes, Rh-
isoimmunization, hypertension, thyroid disorders and 
anaemia were excluded from the study.  

Gross Examination 
A total of 120 placentae, 60 placentae from normal 

and 60 placentae from GDM pregnancies were 
collected soon after the delivery. Membranes were 
trimmed, the umbilical cord was cut, gross examination 
of weight and diameter was obtained according to Saha 

S et al. (11). According to Amsterdam criteria (8), a full 
thickness of placental tissue from the central two-thirds 
of the placenta was obtained; excess maternal blood 
was washed away from the tissue and transferred in to 
an air tight container with 10% of formalin. Perinatal 
data was collected. The tissue was fixed for up to 24 
hours, subjected to routine histological processing, 5-
micron thickness of tissue was sectioned by a rotary 
microtome and was subjected to Haematoxylin and 
Eosin staining.  

Histopathological Examination 
The slides were evaluated for presence of DVM 

lesion by two blinded pathologists according to 
standard Amsterdam criteria (8). DVM is defined as a 
monotonous population of at least 10 villi with the 
presence of centrally placed capillaries, reduced 
vasculosyncytial membranes and continuous 
cytotrophoblastic layer. Common observations of 
DVM from both pathologists were recorded in GDM 
and normal placentas and its association with perinatal 
outcomes were assessed.  

Statistical analysis  
The data collected was entered in MS Office Excel 

2019 and imported into SPSS software of version 25.  
The outcomes were presented in mean and standard 
deviation, numbers and percentage. Chi Square test and 
Fisher’s Exact test were applied to find the association 
between DVM and perinatal outcomes. A Comparison 
between the two groups was done. The Shapiro-Wilk 
test was used to test normality. For qualitative data, the 
Chi Square test and Fisher’s Exact test were applied, 
and for quantitative data, the Independent Sample t-
test, Welch t-test and Mann-Whitney U test were 
applied. P value < 0.05 will be considered statistically 
significant. 
 
Results 

In the present study, out of 60 GDM placentas, 39 
placentas and out of 60 normal placentas, 16 placentas 
were associated with DVM. DVM was observed more 
in GDM placentas compared to normal placentas, with 
statistically significant differences between both the 
groups (Table 1). The current study found an 
association of DVM with placental morphology like 
weight, diameter (Table 2) and maternal conditions and 
foetal outcomes like Maternal weight, Glycated 
Haemoglobin% and foetal weight with statistically 
significant differences between GDM and normal 
groups. Intrauterine foetal death, respiratory distress, 
foetal distress and NICU admissions were found in the 
GDM group but were not statistically significant 
compared to the normal group.  No cases of foetal 
neurological or cardiac complication were found 
associated with DVM in both groups (Table 3). 
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Table 1.  Delayed villous maturation in the GDM and normal placentas. 

PARAMETER GDM (60) % NORMAL (60) % p-value 
DVM lesion 39 (65.0%) 16(26.7%) 0.000* 

Note: Out of 60 placentas in each group, the presence of Delayed villous maturation (DVM) was found in 39 (65.0%) cases in 
Gestational Diabetes Mellitus (GDM) placentas and 16(26.7%) cases in normal placentas. Increased DVM was found in GDM 
placentas compared to normal placentas and were represented in numbers and percentage. The Chi Square test and Fisher’s Exact 
test were applied for proportion. *P=< 0.05 was considered as statistically significant. 
 

     

 
Fig. 3. Delayed Villous Maturation in Gestational Diabetes Mellitus (GDM) placenta associated with chorangiosis-increased 
number of capillaries in terminal villi (H&E, 10x). 

 
Table 2. The association of DVM with the placental morphology in GDM and Normal pregnancy groups  

PLACENTAL MORPHOLOGY GDM (39 cases) NORMAL (16 cases) P value 
Placental Weight(gms) 521.49 (67.98) 478.06 (94.82) 0.031* 

Placental Diameter(cm) 21.17 (2.97) 18.59 (6.75) 0.000* 

Note: 39 Delayed villous maturation (DVM) cases of Gestational Diabetes Mellitus (GDM) group and 16 DVM cases of Normal 
group were associated with placental morphology. The quantitative data like placental weight in grams and placental diameter in 
cm were represented with mean and standard deviation. The Independent Sample t-test, and Welch t-test for parametric data, and 
Mann-Whitney U test for non-parametric data were applied. DVM was found to be associated with increased placental weight and 
diameter in GDM placentas compared to normal placentas. *P=< 0.05 was considered as statistically significant. 

 
 

Fig. 1. Delayed Villous Maturation (DVM) in Gestational 
Diabetes Mellitus (GDM) placenta with predominance 
large immature villi, centrally placed capillaries and 
continuous cytotrophoblastic layer (H&E, 10x). 

Fig. 2. Normal placenta with a predominance of mature 
terminal villi (H&E, 10x). 
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Table 3.  The association of DVM with maternal conditions and foetal outcomes in GDM and Normal pregnancy Groups  

MATERNAL CONDITIONS GDM (39 cases) Normal (16 cases) P value 
Maternal Age (years) 27.64 (4.22) 25.31 (3.14) 0.052 

Maternal weight (Kg) 68.77 (9.69) 59.50 (6.45) 0.000* 

Gestational age (weeks) 37.90 (1.41) 38.06 (0.68) 0.883 
Primi 13 (33.3%) 02 (12.5%) 0.184 

Gravida 26 (66.7%) 14 (87.5%) 0.184 
Normal delivery 09 (23.1%) 04 (25.0%) 1.000 

Caesarean section 30 (76.9%) 12 (75.0%) 1.000 

Glycated Haemoglobin% 5.31 (0.65) 4.61 (0.50) 0.001* 
Diet 26 (66.7%) -  
Oral 09 (23.1%) -  

Insulin 04 (10.3%) -  
FOETAL OUTCOMES    

Foetal weight (Kg) 3.17 (0.60) 2.80 (0.52) 0.006* 

Apgar score at 1min 7.13 (1.99) 8.06 (1.24) 0.086 
Apgar score at 5min 7.69 (1.79) 8.38 (1.09) 0.151 

Alive 38 (97.4%) 16 (100.0%) 1.000 

IUFD 01 (2.6%) 00 (0.0%) 1.000 
High birth weight 01 (2.6%) 00 (0.0%) 1.000 

Appropriate birth weight 31 (79.5%) 13 (81.2%) 1.000 

Low birth weight 07 (17.9%) 03 (18.8%) 1.000 
Respiratory distress 01 (2.6%) 00 (0.0%) 1.000 

Foetal distress 14 (35.9%) 03 (18.8%) 0.336 

IUGR 00 (0.0%) 01 (6.3%) 0.291 
Congenital Anomalies 00 (0.0%) 01 (6.3%) 0.291 

Male babies 18(46.2%) 11(68.8%) 0.127 

Female babies 21(53.8%) 05(31.3%) 0.127 
NICU admission 22 (56.4%) 08 (50.0%) 0.769 

Note: 39 Delayed villous maturation (DVM) cases of Gestational Diabetes Mellitus (GDM) group and 16 DVM cases of the 
Normal group were associated with maternal condition and foetal outcomes. The Chi Square test and Fisher’s Exact test were 
applied to find an association between the DVM and perinatal outcomes. A comparison between the two groups was done. The 
Shapiro-Wilk test was used to test normality. The quantitative data like maternal age, maternal weight, gestational age, glycated 
Haemoglobin, foetal weight and Apgar score at 1min and 5min were represented in mean and standard deviation. The Independent 
Sample t-test, and Welch t-test for parametric data, and Mann-Whitney U test for nonparametric data were applied. DVM was 
found to be associated with increased maternal weight, glycated haemoglobin, foetal weight in the Gestational Diabetes Mellitus 
(GDM) group with statistically significance compared to normal group. The qualitative data like primi, gravida, normal delivery, 
caesarean section, diet, oral, insulin, alive, Intra uterine foetal death (IUFD), high birth weight, appropriate birth weight, low birth 
weight, respiratory distress, foetal distress, Intrauterine growth retardation (IUGR), congenital anomalies, male babies, female 
babies and Newborn intensive care unit (NICU) admission were represented in numbers and percentage. The Chi Square test and 
Fisher’s Exact test were used for proportions. DVM was found to be associated with foetal death in one of the cases of the GDM 
group, respiratory distress, foetal distress and NICU admissions were more in numbers in the GDM group but were not statistically 
significant compared to the normal group. No cases of foetal neurological or cardiac complication associated with DVM in both 
normal and GDM placentas were found. *P value < 0.05 was considered as statistically significant.   
 
Discussion

The current study found an association of DVM 
with GDM placentas. Improper function of insulin 
receptors results in GDM, affecting placental 
morphology like weight and diameter, syncytial knots, 
villous oedema, chorangiosis and villous immaturity 
(12,3,4). Insulin resistance in GDM causes maternal 
complications like preterm labour, perinatal loss, type 

2 diabetes, cardiovascular diseases, 
endothelial/vascular dysfunction and obesity (3,13). 
Foetal hyperglycaemia in GDM results in neonatal 
complication like IUGR, NICU admissions and foetal 
deaths (3). 

Accelerated and Delayed Villous Maturation are 
two types of structural placental villi maturation 
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defects in which delayed villous maturation is a 
placental abnormality with varying range of severity 
(14,15).  It is clinically associated with maternal 
diabetes (ranges between 81% -16.6%) obesity, 
increased weight gained during pregnancy, preterm 
infants, hypercoiling of the umbilical cord, congenital, 
chromosomal abnormalities, poor neurological 
outcome, neonatal hypoxic-ischemic encephalopathy, 
foetal growth retardation, foetal chronic disease, 
central nervous system disorders in both children and 
adults, intrauterine hypoxia and foetal death with an 
increased risk of recurrence in the future pregnancies 
(16,17). There is an increased chances of DVM 
occurrence in GDM than in prediabetes pregnancies. It 
is a histological hallmark in GDM placentas and is 
found to be increased up to six holds higher in GDM 
pregnancies (18,19,20).   

The cause and pathophysiology of DVM is still not 
clear. It is believed that Hyperglycaemia, 
hyperinsulinemia in diabetic pregnancies and an 
increase in placental growth factors, maternal obesity, 
vascular changes and chromosomal abnormalities may 
result in the occurrence of DVM (21,22,7). DVM result 
into increased distance for diffusion making 
transplacental exchange of gas by passive diffusion. 
Thus, the placenta with DVM is inefficient at term 
because it is unable to meet the oxygen demand of a 
growing fetus (16). DVM is found to be often 
associated with chorangiosis and has similar 
histopathological features of villous oedema and foetal 
vascular malperfusion (9). Since DVM is associated 
with GDM and neonatal complications, it is important 
to identify the DVM in GDM placentas. 

The present study found statistically significant 
increased DVM in GDM placentas compared to normal 
placentas (Table1 and Fig. 1 and Fig. 2), in line with us 
similar finding was found by Schafer-Graf UM et al. 
(23), Daskalakis G et al. (24), Madazli R et al. (25), 
Higgins M et al. (6), Giacometi C et al. (19) , Lai YM 
et al. (26), Dasgupta S et al. (27),  El-Tarhouny SA et 
al. (28). DVM was also found in the non-GDM 
placentas of foetal death, spontaneous preterm labour, 
spontaneous preterm labour delivery with intact 
membranes and chronic foetal hypoxia. (29,30,31,32) 

The present study noted, a statistically significant 
increased placental weight was associated with DVM 
in GDM placentas compared to normal placentas 
(Table 2), in agreement with us Sethy PP et al. (33) and 
Anjum S et al. (13) found similar finding in GDM 
placentas but without DVM. Whereas Higgins M et.al 
(6), found similar association in non GDM placentas 
with DVM compared to normal placentas without 
DVM. The association of DVM with increased 
placental weight results into utilization of nutrients and 
gases by the enlarged placenta itself leaving less 
availability of nutrients and oxygen for growing foetus 
this results into decreased capacity in foetus to 
withstand hypoxia in third trimester (7). 

The current study observed, a statistically 
significant increased placental diameter was associated 

with DVM in GDM placentas compared to normal 
placentas (Table 2). Similar association was found by 
RafahHadyLateef et al. (34) and Anjum S et al. (13) in 
GDM placentas but without DVM, whereas Sethy PP 
et al. (33) found no statistically significant increase 
placental diameter between GDM and normal 
placentas. 

The current study found a statistically significant 
increased maternal weight was associated with DVM 
in the GDM group compared to the normal group 
(Table 3). In Harmony with us similar finding was 
found by Tayel SM. et al. (35) in the GDM group of 
placentas without DVM. Whereas O’ Hare CB et al. 
(36) found, association of DVM with increase maternal 
weight in foetal congenital heart disease. On contrary 
Krstevska SS et al. (37) did not find a statistically 
significant increase in maternal weight between GDM 
and Normal groups. The association of DVM with 
maternal diabetes and obesity will result in addition 
metabolic stress, causing foetus to have reduced 
capacity to withstand hypoxia in the last trimester and 
intrapartum period (7). 

The present study found a statistically significant 
increase in Glycated Haemoglobin and was associated 
with DVM in the GDM group compared to the normal 
group (Table No. 3). In Harmony with us, similar 
finding was found by El-Tarhouny SA et al. (28) and 
Arizawa M et al. (38) Whereas Edu A et al. (39) also 
found similar finding in GDM group of placentas but 
without DVM. Higgins MF et al. (22) states that, 
occurrence of DVM in diabetic pregnancies may be 
due to hyperglycaemia.   

The current study found an association of DVM in 
GDM mothers who were on diet, oral and medication 
treatment. In agreement with us, Giacometi C et al. (19) 
and Natarajan L et al. (40) found similar findings. 
Arshad R et al. (41) suggested that treating the GDM 
condition with metformin will result in better outcomes 
than treating with diet and exercise.  

 
The present study found a statistically significant 

increase in foetal weight was associated with DVM in 
GDM groups compared to the normal group (Table No. 
3). In line with us, Venkatesh MK et al. (42) and Sethy 
PP et al. (33) found similar findings in GDM placentas 
but without DVM. In agreement with our study, 
Higgins M et al. (6) found a similar association of 
increased foetal weight with DVM placentas without 
GDM condition. In contrast to our findings, Al-Adnani 
M et al. (16) states that there is active transport of 
glucose and amino acids across the placenta to 
facilitate diffusion, because of this diffusion, there is 
sufficient growth of fetus in the placentas with DVM.   

In addition to the above finding, the present study 
observed DVM with chorangiosis in a GDM placenta 
(Fig. 3) and is in agreement with Soni S et al. (9).  

Higgins M et al. (6) states that, not all pregnancies 
complicated with Diabetes Mellitus will show DVM. 
DVM occurs in late pregnancy and poses a threat if the 
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foetus remains in utero after 37 weeks of gestation (43). 
There is no ultrasound marker for detection of DVM 
and no safe methods for prenatal detection of children 
at risk. Adverse foetal effects caused due to DVM 
cannot be detected using Apgar score or cord pH, thus 
making early diagnosis a great clinical challenge 
(6,44,6).  In cases of DVM, the foetus may be saved by 
early induction of the mother. Rescue by birth can be a 
better option to prevent newborn complications (44). 
Soni S et al. (9) states, the current management can 
only provide clinical practices for the following 
pregnancies. The present study agrees with the clinical 
implication of the DVM suggested by Matsika A (45) 
that, the pregnant woman should be screened for 
maternal diabetes, review of her previous test report 
and in her future pregnancy, obesity should be avoided, 
foetal movements should be monitored in her third 
trimester, special obstetric care, if required early 
delivery to avoid adverse foetal morbidity and 
mortality. 

The strength of our study is that it is a rare study 
among North Karnataka population that found DVM 
and its association with placental morphology and 
perinatal outcomes in the GDM compared to normal 
placentas, unlike previous studies where only the 
presence of DVM without its association with placental 
morphology and perinatal outcomes in GDM placentas 
were recorded. Use of standard Amsterdam criteria for 
assessing DVM makes our results to be compared with 
results of other international studies with the same 
criteria. The limit of our study is small sample size and 
less literature availability on DVM in GDM placentas. 

 
Conclusion 

The present study found a statistically significant 
increased presence of DVM in GDM placentas and its 
association with placental weight, diameter, maternal 
weight, glycated haemoglobin and foetal weight 
compared to normal placentas. In addition, the current 
study also found presence of DVM with chorangiosis 
in a GDM placenta. Intrauterine foetal death, 
respiratory distress, foetal distress and NICU 
admissions were found in placentas of the GDM group 
but were not statistically significant compared to 
placentas normal group.   

Postnatal placental evaluation of DVM can provide 
information pertaining to a current GDM pregnancy 
and its outcomes. Considering the risk of reoccurrence 
of DVM and type 2 diabetes in the future, it should be 
essentially reported in the routine histopathological 
placental examination. Presence of DVM in GDM 
placentas suggests of suboptimal hyperglycaemia and 
placental insufficiency. This may explain the cause of 
intrauterine foetal deaths and adverse neonatal 
outcomes in the current pregnancy and in future 
pregnancies it indicates a need for comprehensive 
maternal care and helps in prediction and prevention of 
adverse perinatal outcomes by implementing Rescue 

by birth. Our study clinically implies that obstetricians 
should identify the DVM in GDM pregnancies and its 
associations with placental, maternal and foetal 
outcomes. Since there is no antenatal ultrasound 
marker to detect placental DVM and no safe methods 
for prenatal detection of adverse neonatal outcomes 
caused due to DVM in GDM pregnancies, thus our 
current study highlights that timely diagnosis and 
intervention of GDM may reduce the occurrence of 
DVM. 
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	Background & Objective: Delayed Villous Maturation (DVM) is a histological hallmark in Gestational Diabetes Mellitus (GDM) pregnancies commonly observed after 36 weeks of gestation. It is associated with perinatal morbidity and mortality. Our study aims to assess DVM in the term placentas of GDM pregnancies and its association with its perinatal outcomes compared to normal pregnancies.
	Methods: A total of 120 term placentae from GDM and normal pregnancies were collected from the Obstetrics and Gynaecology Department for one year and subjected to histopathological examination to evaluate DVM and its association with placental morphology and perinatal outcomes.
	Results: The current study found statistically significant increased presence of DVM in GDM placentas and its association with placental weight, diameter, maternal weight, glycated haemoglobin and foetal weight. The present study also observed presence of DVM with chorangiosis in a GDM placenta. 
	Conclusion: The present study has found a statistically significant association of DVM in GDM pregnancies with its perinatal outcomes compared to normal pregnancies. There is no antenatal ultrasound marker to detect placental DVM and adverse foetal outcomes caused due to it. Since there is risk of reoccurrence of DVM and type 2 diabetes in future pregnancies, identification of DVM in GDM pregnancies and its clinical association with foetal outcomes should be considered clinically important.  This may explain the cause of intrauterine foetal deaths and adverse neonatal outcomes in the current pregnancy and indicating a need for comprehensive maternal care in future pregnancies to prevent perinatal outcomes by implementing Rescue by birth.

