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Abstract

During a pregnancy complicated by diabetes, the human placenta undergoes a number of
functional and structural pathologic changes, such as increased placental weight and increased
incidence of placental lesions including villous maturational defects and fibrinoid necrosis. The
pathologic findings reported have differed among studies, potentially reflecting differences in type
of diabetes, study methodology, or glycemic control of study participants. Alternatively, these
discrepancies may represent different biologic adaptations to distinct metabolic diseases. In order
to clarify these distinctions, we conducted a comprehensive review of English language citations
in Pubmed and Embase using the keywords “diabetes”, “placenta”, AND “pathology”. Abstracts
were reviewed for relevance then full-text articles were reviewed in order to extract a
comprehensive summary of current pathological findings associated with pregestational and
gestational diabetes mellitus, as well as an understanding of the impact of glycemic control on
placental pathology. Placental abnormalities most consistently associated with maternal diabetes
are an increased incidence of villous immaturity, increased measures of angiogenesis, and
increased placental weight. The literature suggests that, despite similarities in placental
abnormalities, differences in placental pathology may reflect differences in pathophysiology
among different types of diabetes. Consequently, standardization of terminology used to define
placental lesions is warranted. Moreover, further research is needed to investigate the impact of
pathophysiology, glycemic control and clinical factors, such as infant sex, weight and race, on
placental structure and function.
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1. INTRODUCTION

The human placenta is the critical organ responsible for the facilitation of nutrient uptake,
waste elimination, and gas exchange between mother and fetus (1). The placenta is also a
vital source of hormone production such as progesterone and human chorionic gonadotropin
that maintain the pregnancy (1). Consequently, placental dysfunction can lead to a number
of adverse fetal outcomes (2, 3). Moreover, because the placenta reflects the metabolic
milieu of both mother and fetus, it serves as a valuable tool for studying the metabolic
perturbations that may take place during pregnancy, such as diabetes mellitus.

The extent to which maternal glycemic control contributes to placental abnormalities
remains unclear. Literature demonstrates that, when maternal glucose levels are well-
controlled, the placentas from women affected by diabetes are normal as evaluated by
routine light microscopy (4, 5). However, several studies have identified histopathologic
placental abnormalities among women even with well-controlled pregestational (6-8) and
gestational diabetes (9, 10). Moreover, placental abnormalities associated with maternal
diabetes have been inconsistently reported in the literature, perhaps reflecting population
differences in sample size (6, 11); glycemic control (7, 12); study methodology (13, 14);
prenatal care quality (15, 16); or diabetes types (6, 17).

To our knowledge, there have been no systematic reviews evaluating the differences of
placental histopathology between pregestational diabetes, defined as type 1 diabetes mellitus
(T1DM) or type 2 diabetes mellitus (T2DM); and gestational diabetes (GDM), defined as
diabetes diagnosed during pregnancy that is not clearly overt diabetes (18). Consequently,
we have developed a comprehensive systematic review of the current literature in order to
critically examine the gross and histopathologic findings associated with dysglycemia in
pregnancy. The literature will be discussed with respect to diabetes type, pregestational or
GDM, as well as by the control groups under investigation and the placental derangements
demonstrated.

2. METHODS

2.1 Search strategy

Literature searches of MEDLINE (PubMed) and EMBASE databases were conducted
through September 1, 2014 with the key terms “diabetes”, “placenta”, “pathology” and
“histopathology”. Two investigators (JH and DD) independently reviewed titles, abstracts,
and full-text articles. Additional articles were identified through searching the reference lists
from included studies. Search results and included articles were verified by a third

investigator (RB-L). Disagreements were resolved by consensus.
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2.2 Eligibility criteria
Pre-specified inclusion criteria required that participants included pregnant women classified
as having pregestational diabetes or GDM); the study compared findings in two or more
comparison groups; and the outcome measure included gross or histopathologic placental
abnormalities. Studies were excluded if they examined placental abnormalities in animals;
were case-reports or review articles; were comprised of women with diabetes and other
pregnancy complications such as preeclampsia or hypertension; did not have a valid
comparison group; or did not specify diabetes type.

2.3 Data Extraction and Analysis

Data on population characteristics, diabetes class, and placental abnormalities were
extracted. Two investigators performed the data extraction (JH and DD), which was then
verified by a third investigator (RB-L). Because of the variability in GDM diagnostic criteria
in use (18), data on the criteria used for defining GDM were also extracted. Because of the
substantial heterogeneity in study methodology, placental abnormalities under investigation,
and population characteristics, a quantitative meta-analysis of the data was not appropriate.

2.4 Exposure Definitions

For the purposes of this systematic review, we categorized study findings by diabetes type as
reported by the study authors. Pregestational diabetes is defined as either TLDM or T2DM
before pregnancy. TIDM is characterized by a severe deficiency in insulin production due to
the autoimmune destruction of islet cells in the pancreas (18). Conversely, T2DM is a
metabolic disorder characterized by insulin resistance and relative insulin deficiency (18).
Similar to T1DM, it is also characterized by hyperglycemia; persistent hyperglycemia from
both TIDM and T2DM has been associated with a number of well-described adverse
clinical sequelae, such as retinopathy, nephropathy, peripheral neuropathy, and diabetic
encephalopathy (19-21). These conditions reflect the damage hyperglycemia inflicts upon
not only the nerves, but also the vasculature, which leads to impaired blood flow with
subsequent end-organ damage. Consequently, the presence of maternal systemic vascular
complications may also portend the impact to uterine vasculature affecting placental
perfusion (22, 23).

GDM has been considered to be a transient insulin resistance potentially resulting from the
influence of several pregnancy hormones, including progesterone, cortisol, placental
lactogen, prolactin and growth hormone (24). After delivery, the insulin resistance improves,
although GDM has been associated with an increased risk of subsequent T2DM. Because
the metabolic derangements in GDM are more pronounced in the latter stages of pregnancy
(25), GDM is generally responsible for fewer birth defects than pregestational diabetes (26).
Nonetheless, GDM is associated with several fetal complications such as macrosomia and
hypoglycemia; and maternal complications, including hypertension, preeclampsia, and an
increased risk of Cesarean delivery (24).

Additionally, the White classification of diabetes in pregnancy, developed by Priscilla White
in 1949 in order to predict perinatal outcomes (27), was used to aggregate populations in
several studies included in this systematic review. These criteria, subdivided into different
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categories by the age of onset, duration of diabetes, and presence of vascular disease, are
provided in Table 1. The original White classification did not include a category for GDM;
however, Dr. White’s 1965 and 1978 revisions expanded the definition to include GDM (28,
29).

2.5 Outcome Definitions

For the purpose of this systematic review, we categorized placental gross and histologic
findings as reported by the study authors. Because placental gross and histologic findings
varied among study papers, a true meta-analytical approach was not possible. However, we
extracted data on whether or not definitions of placental variables were provided in the study
and we listed these variables in the column, “Placental structure/abnormalities under
investigation,” in Tables 2, 3, and 4.

2.6 Methodological Quality Assessment

The study team assessed the methodological quality of the studies by comparing study
design, inclusion criteria, and the blinding of investigators to pregnancy outcome or
causation.

3. RESULTS

3.1 Study characteristics

The selection algorithm for the 38 studies that met the inclusion and exclusion criteria for
our systematic review is detailed in Figure 1. Study characteristics, diabetes type, placental
abnormalities examined, and population characteristics for studies in pregnancies affected
by pregestational diabetes are summarized in Table 2. Nine of the 16 studies included in this
systematic review examined women with TIDM compared to normoglycemic controls (7,
12, 17, 30-35). Two other studies identified women as having pregestational diabetes (8, 36)
while the remaining five studies defined the women by the White classification (6, 11, 27,
37-39). No studies were identified that specifically examined women with maternal T2DM
compared to a normoglycemic population.

Study characteristics, diagnostic criteria, placental abnormalities examined, and population
characteristics for studies of pregnancies complicated by GDM are summarized in Table 3.
Seven studies examined placental gross or histomorphometric features in women with GDM
compared to those with normoglycemia (9, 10, 14, 40-43). Diagnostic criteria for GDM
were inconsistent across studies: two studies used Carpenter-Coustan criteria (10, 14); one
study used the 1964 O’Sullivan and Mahan criteria (9); one study used 2001 ADA criteria
(43); one study used the WHO criteria (40); and two studies did not specify the diagnostic
criteria used (41, 42).

Study characteristics, diabetes type, placental abnormalities examined, and population
characteristics for studies examining more than one type of diabetes are summarized in
Table 4. Six studies compared findings across different White classifications with a
normoglycemic control group (4, 44-48); five studies compared findings between
pregestational and GDM with a normoglycemic control group (49-52); one study compared
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findings between T1IDM and GDM with a normoglycemic control group (53); two studies
examined differences between T1DM and T2DM (13, 15); and one study examined
placental histomorphometry in women with GDM using race/ethnicity as the basis for
comparison (16). Common gross and histopathologic placental findings in pregestational
diabetes and GDM compared to healthy controls are provided in Table 5.

3.2 Quality assessment

Quality of included studies varied considerably; only three out of 38 included studies were
retrospective, case-controlled studies (15, 16, 40); twelve included studies specified whether
or not pathologists were blinded to diabetes diagnosis or pregnancy outcomes and 22 out of
38 included studies provided information on the degree of glycemic control in their study
population.

3.3 Placental abnormalities reported in studies of pregestational diabetes

Placental abnormalities reported in relation to pregestational diabetes varied considerably
across studies, depending mostly on the placental anatomy under investigation. Increased
villous immaturity (32, 36, 37) and increased volume and surface area of parenchyma tissue
(7, 11, 38) were the placental abnormalities most consistently reported. Three studies
measured the volume and surface areas of the parenchyma, described in 1966 by Aherne and
Dunnill as the villi, including fetal vessels and the maternal intervillous space; and non-
parenchymal tissue comprised of the chorionic and decidual plates, fetal vessels of diameter
greater than 0.1 cm, and intercotyledonary septa (7, 11, 38, 54). Teasdale found increased
non-parenchymal and parenchymal tissue in the placentas of women with well-controlled
White class B and C diabetes (11, 38). In contrast, Boyd et al. found increased parenchymal
volumes, on average 12% larger than placentas from normoglycemic controls, but a
decrease in non-parenchymal tissue in women with well-controlled TLDM compared to
normoglycemic controls (7). Three studies reported an association between the incidence of
villous immaturity, defined as placentas with inadequate or absent terminal villi, and
pregestational diabetes (32, 36, 37). The prevalence of placental immaturity in the
normoglycemic obstetrical population has been reported to be 14% and the presence of
pregestational diabetes nearly doubles the risk of delayed villous maturation (36).

3.4 Placental abnormalities reported in studies of GDM

Similar to studies of pregestational diabetes, placental histomorphometric abnormalities
studied in relation to GDM varied considerably. Increased placental weight (14, 40, 42) was
the placental abnormality most consistently studied and reported. Three studies reported
heavier placentas in women with GDM compared to normoglycemic controls (14, 40, 42).
Ashfaq et al. observed that placenta of women with GDM had 22% increase in weight, 33%
increase in diameter, and 85% increase in central thickness compared to normal placentas
(42). Taricco et al. also reported lower fetus to placenta weight ratios in women with GDM
(14). Two studies examined the incidence of placental immaturity and histopathologic
placental lesions (10, 43), reporting a significant increase in fibrinoid necrosis (10),
chorangiosis (10, 43), and ischemia, defined by increased maturation band Tenney-Parker
changes or microscopic/macroscopic infarcts (43), and villous immaturity (10, 43) in women
with GDM compared to women with normoglycemia.
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3.5 Placental abnormalities reported in studies of across diabetes type

Most studies using the White classification of diabetes did not observe significant
histological differences in volume and surface area of terminal villi or growth and
maturational status of villi among placentas across different White classifications (4, 44,
46-48). Stoz et al. found that the significant increase in the cross-sectional surface area of
the terminal villi and villous circumference compared to those from normoglycemic
placentas was more prominent in women with White classes A, B, or C compared to White
class D (45). They also observed that while the number of vessels was significantly
decreased across all White classifications compared to normoglycemic placentas, the
number of vessels was most prominently decreased in women with White class B (45).

In studies of women with pregestational diabetes compared to those with GDM, Clarson et
al. and Calderon et al. found no significant differences in placental weights (49) or in the
mean and total area of villous vessels (52). Al-Okail et al. found increased fibrin thrombi in
the syncytiotrophoblast, villous edema, hyperplasia, and thickening of the basement
membrane in the placentas of women with poorly controlled GDM compared to those with
pregestational diabetes (50). In contrast, Rudge et al. observed that women with GDM
presented with nine types of histopathologic change (cystoid degeneration, congestion,
villous edema, intervillous fibrosis, calcification, focal hyaline degeneration, dysmaturity,
focal amnionitis, endarteritis) compared to 22 types of histopathologic change present in
placentas of women with pregestational diabetes(55). Additional histopathologic changes
found only in women with pregestational diabetes included chorial edema, intimal edema,
interstitial hemorrhage, subchorial infarct, villous fibrosis, Hofbauer hyperplasia,
chorioangiosis, syncytial knots, villitis, phantom cells, two vessels, duplicate membrane, and
cord hemorrhage (55). Younes et al. found that the thickening of the trophoblast basement
membrane, capillary basement membrane, and the increase in presence of fibrinoid material
were more prominent in cases of GDM compared to pregestational diabetes (51).

3.7 Variations in Placental Variable Definitions/Descriptions

Placental variables under investigation were defined in 32 out of 38 papers. There was clear
variability in definitions used for commonly studied placental abnormalities, especially
found in descriptions of villous maturity, parenchymal tissue and measures of angiogenesis.
While several papers reported a difference in villous maturation in women with diabetes
compared to controls, definitions of villous maturity differed among studies. Fox (8) studied
fetal stem arteries for the overall villous maturity, taking into account specifically the size of
the villi, the number of syncytial knots, the degree of stromal condensation and the position
and size of the fetal villous capillaries. By this definition, Fox (8) reported that 29.2% of
pregestational diabetic placentas showed accelerated maturation, 27.1% delayed maturation,
and 43.7% normal maturation. Bjork and Persson (37) observed a higher frequency of
immature villi in pregestational diabetic placenta compared to controls. In this study,
immature villi was also referred to as “syncytial sprouts”, defined as structures containing
syncytial nuclei forming a bud that extends into the intervillous space with a narrow blood
vessel at its base that clearly extended into this sprout (37). Evers et al. (32) also reported an
increased incidence of villous immaturity that was defined as moderate where there was a
decreased formation of terminal villi compared to healthy controls and a relatively increased
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presence of mature intermediate villi in relation to gestational age. Furthermore, in studies of
women with GDM, Daskalakis et al. and Madazli et al. characterized villous immaturity as a
decreased formation of terminal villi and increased presence of immature intermediate villi
in relation to gestational age (10). Higgins et al., in a study comparing placentas of women
with T1DM to T2DM, provided a more detailed description of immature villi where
immature intermediate villi had diameter greater than 80 m containing arterioles and venules
or capillaries whose main function is villous growth (13). Immature intermediate villi also
contain reticular stroma (13).

Moreover, several studies compared the parenchymal tissue in diabetic women compared to
healthy controls (7, 9, 11, 38). In women with White Class B, White Class C, and White
Class A diabetes, Teasdale (9, 11, 38) found a significant increase in parenchymal tissue,
defined as the intervillous space, the trophoblast layer, and fetal capillaries of both the
peripheral and stem villi. Boyd et al. (7) also found an increased volume of parenchymal
tissue; however, this definition did not include the trophoblast layer, and consisted only of
the villi of the fetal capillaries and the maternal intervillous space.

Several articles included in this systematic review also investigated measures of
angiogenesis (31, 35, 41). Two studies adopted the term “redundant capillary connections”,
connections that can be removed without disconnecting from the villous capillary bed.
Jirkovska et al. reported increased measures of angiogenesis, determined by an increase in
the mean number of redundant connections per terminal villi, in women with GDM (35, 41)
and in women with T1DM (35) compared to controls. While another study reported
increased measures of fetoplacental angiogenesis, Mayhew et al. (31) determined this
increase by comparing capillary volume, surface area and length. Mayhew et al. (31)
characterized these changes in angiogenesis as exclusively longitudinal and not
accompanied by any increase in vascular remodeling or changes in capillary caliber.

4. DISCUSSION

To our knowledge, this is the first comprehensive systematic review of placental
histopathology in the setting of maternal diabetes. Strengths of this systematic review
include the rigorous and detailed method of identification and review of the relevant
literature. However, a notable limitation is that we were unable to use a meta-analytical
approach to substantially compare data across studies spanning from 1969 to 2014 because
of the varied placental abnormalities examined and study methodologies employed. This
systematic review also detailed placental variables as reported by the authors of included
studies. As there was also wide variability in the definitions of placental variables, we were
further limited in our ability to conduct a true meta-analysis of the results.

To reduce the methodological variability across clinical studies of placental pathology,
standardization of placental variable definitions is critical in directing future research. A
recent review calls for a clinically oriented, unifying and simple placental pathology
classification system; yet, more research is still needed to define international diagnostic
criteria to describe placental morphology (56). Furthermore, future studies should clearly
describe the methodology and definitions pathologists used to report placental abnormalities.
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Our systematic review uncovered that only 12 out of 38 included studies specified whether
or not pathologists were blinded to diabetes diagnosis and pregnancy outcome. Moreover,
32 of 38 included studies defined the placental variables under investigation and there was
evident variability in the definitions of villous immaturity, parenchyma, and measures of
angiogenesis. Nonetheless, this critical examination of placental pathology across types of
diabetes will enable us to demonstrate pathological patterns that may inform how we
consider future clinical practice and research implications of pregestational and GDM.

The most common placental findings in the setting of pregestational diabetes and also
reported in GDM in this systematic review are increased villous immaturity and increased
measures of angiogenesis. Angiogenesis, defined as the process of new blood vessels arising
from preexisting ones, is essential for normal fetal growth and placental development.
Generally, there are two phases of angiogenesis: (1) branching angiogenesis with formation
of tightly looped capillaries and (2) non-branching angiogenesis with formation of longer
capillaries (57, 58). One study by Mayhew et al. reported increased non-branching
angiogenesis, without a change in the cross-sectional caliber or shape of the capillaries,
compared to controls in placentas affected with maternal TADM despite adequate glycated
hemoglobin levels (31). Conversely, Jirkovska et al. observed increased branching
angiogenesis, hypovascular and hypervascular terminal villi, and enhanced capillary surface
areas in terminal villi of placentas affected by maternal TIDM with good glycemic control
(59). Four separate studies also reported an increase in the number of capillaries per villi in
women with T1IDM (30), White Class D (6), and GDM (9, 41). These findings suggest that
placentas from pregnancies complicated by dysglycemia may display both increases in
branching and non-branching angiogenesis. Additionally, increased incidence of placental
villous immaturity was commonly seen in placentas affected by pregestational (8, 32, 37)
and GDM (10, 43). This placental abnormality, which has been independently associated
with an increased risk of perinatal mortality (60), may serve as a connection between
maternal diabetes and an increased risk of fetal intrauterine death (61). Further study in these
areas is warranted to elucidate etiologic mechanisms.

Although there were several similarities in placental histopathologic findings associated
with T1IDM, T2DM, and GDM, the different pathophysiology of these three diabetic
conditions may differentially impact placentation, despite similar medical care and glycemic
control. For example, hypertension (62) and inflammation (63), both more frequently
associated with T2DM than T1DM (64, 65), are associated with distinct placental
pathological abnormalities which may predominate in T2DM relative to TLDM placentas
(26). In fact, one study reported that placentas of pregnancies complicated by T2DM had a
significant increase in placental infarcts compared to TLDM (15), a vascular abnormality
that has also been found in studies of hypertension in pregnancy (66). Moreover, this
difference was found to be attenuated after controlling for the hypertension (15).

The time course of metabolic insult may also influence the degree of placental abnormality.
For example, the metabolic derangements in GDM may be more pronounced in the latter
stages of pregnancy (25), potentially implying fewer severe placental aberrations. Yet,
placental abnormalities in women with GDM relative to those with pregestational diabetes
have not been consistently studied or reported. One study observed a greater number of
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histopathologic lesions in women with pregestational diabetes compared to GDM and
reported that most of these placental lesions were already present prior to 37 weeks
gestational age, suggesting that distinct placental changes may vary based on the gestational
period during which the diabetic insult occurred (55). However, other studies reported
increased fibrinoid material (50, 51) and thickening of the basement membrane (50, 51) in
women with GDM compared to those with pregestational diabetes.

Moreover, diabetes duration has been examined in the context of studies comparing women
across different White classifications. However, there were no observed significant
histological differences among placentas (4, 44, 46-48), which suggests that may not
differentially impact placental pathology. Because the population sizes of these studies were
small, ranging from 2 to 40 women within each diabetic subgroup, further research
comparing placental abnormalities in women with pregestational and GDM across different
White classifications is warranted.

Notably, although glycemic control has been considered integral to the pathophysiology of
placental abnormalities, only 22 of 38 studies included in this review detailed the degree of
glycemic control of their study populations, with 16 studies specifying moderate to good
glycemic control. Poor glycemic control in the periconception period and first trimester of
pregnancy has been linked to a number of maternal adverse outcomes, such as hypertension,
preeclampsia, Cesarean section, and hypoglycemia, as well as numerous fetal adverse
outcomes, including fetal and neonatal loss, fetal growth acceleration, macrosomia,
stillbirth, and respiratory distress syndrome (67). Moreover, the correction of hyperglycemia
might not prevent the development of placental abnormalities since several studies have
shown that placental histopathologic changes persisted even in pregnancies with well-
controlled diabetes (4, 6, 7, 9, 10, 30-33, 38, 39, 43, 46). Consequently, additional research
on placental histopathology in maternal diabetes should include a consideration of the
glycemic control of diabetic populations in order to maximally characterize the impact of
dysglycemia on placental histopathology.

Furthermore, additional clinical factors must be considered when reporting on placental
abnormalities. Some studies have shown that mode of delivery (39), sex of the infant (39),
birth weight of infant (11, 32), and race (16) may be associated with distinct placental
pathologies. Mode of delivery was observed to have significant main and interaction effects
on the placental stromal diffusion distance. This was found to be 25% greater in vaginal
deliveries (39). In addition, fetal sex has been implicated in placental pathologic changes.
The fetal capillary volume was found to be 30% greater in males compared to female
infants(39). Moreover, Teasdale et al. found that the placentas from diabetic pregnancies
with appropriate-for-gestational age infants were morphologically similar to those from
normoglycemic pregnancies except in the case of villous vascularization. However, the
placenta of large-for-gestational age infants had significantly greater accumulation of non-
parenchymal tissue, defined as the sum of the decidual and chorionic plates,
intercotyledonary septa, fetal vessels, connective tissue of the villi, fibrin deposits, and
infarcts; and a moderate increase in parenchymal tissue, described as the intervillous space,
the trophoblast layer, and fetal capillaries of both the peripheral and stem villi, both of which
contributed to a greater surface area of exchange between mother and fetus (11). Yet, Evers
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et al. found that the histological differences between diabetic and control placenta were most
significant in pregnancies with appropriate-for-gestational age infants. Large-for-gestational
age control placentas showed a high prevalence of histological abnormalities, including
nucleated fetal red blood cells, fibrinoid necrosis, villous immaturity, and chorangiosis,
which were almost comparable to the diabetic placentas (32).

A more novel factor for consideration is race/ethnicity. Only one study to date has examined
the implications of race on placental pathology in women with maternal diabetes (16).
Bentley-Lewis et al. observed that, among women with GDM, the prevalence of
chorangiosis was greater among white compared to non-white women. However, because
this study was unable to report on degree of insulin use or glycemic control of its study
population and significant racial disparities in the rates of maternal and fetal adverse
outcomes exist (16), further research on racial/ethnic differences in placental pathology is
warranted.

Existing placental histomorphologic studies of maternal diabetes present varied and
inconsistent findings regarding placental abnormalities. Some data suggest similarities, such
as increased incidence of placental immaturity (8, 10, 32, 36, 37, 43) and increased
angiogenesis (6, 9, 30, 31, 41, 59) compared to normoglycemic pregnancies, and differences
in placental findings between women with pregestational diabetes to those with GDM, such
as in the thickness of the synctiotrophoblast or basement membrane (50, 51) or severity of
placental abnormalities (55). Although it is reasonable to consider that well-controlled
diabetes will result in less placental pathology, concomitant maternal conditions are likely to
contribute to the placental pathological changes seen in women with diabetes. Further
investigations that compare across diabetic types are needed in larger, more racially/
ethnically diverse populations.
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Total citations identified from electronic
search (August, 2014) of MEDLINE with
key term combination of “placenta”,
“pathology”, AND “diabetes”

N =437

Additional citations identified from electronic

search (August, 2014) of EMBASE with key

term combination of “placenta”, “pathology”,
“human”, AND “diabetes”

N=31

Page 16

Full-texts retrieved and
reviewed for relevance
N=55

Additional sources identified
by manual searching of
bibliographies of included }—>]

Primary studies included in
systematic review

studies N=38

N=2

Citations excluded after screening titles and/or
abstracts
N=413
Reasons for Exclusion:
N =9 || Did not specify diabetes type
N =5 || Diabetic women had other maternal diseases
N =90 || Not in English
N =46|| Review
N =5 || Letter to Editor/Workshop Report
N =66 || Animal model
N = 95|| Not on diabetic pregnancies with comparison
groups
N = 74| Not on placental histopathology
N = 15]| Case study
N = 8 || No abstract/full-text available

Citations excluded after full-text review
N=19
Reasons for Exclusion:
N=1|| Not in English
N =2 || Review
N = 3|| Case study
N =5 || Confounders (e.g. retinopathy)
N =2 || No comparison group
N = 3|| Did not specify diabetes type
N =3 || Not on placental histopathology

Placental histopathological
studies on women with
pregestational diabetes compared
to those with normoglycemia
N=16

Placental histopathological studies on
women with gestational diabetes
compared to those with
normoglycemia

Placental histopathological studies
on diabetic pregnancies with
comparison groups
N=15

Fig. 1.

Systematic review selection algorithm.
The 38 studies that fulfilled the inclusion/exclusion criteria for this systematic review were
selected from among 468 studies identified in the initial PubMed and Embase literature

reviews. The selection algorithm is presented here.
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Table 1

White Classification of Diabetes in Pregnancy1

Class A Abnormal glucose tolerance test at any age or of any duration treated only
by diet therapy
Al Gestational diabetes; controlled by diet and exercise
A2 Gestational diabetes; requires insulin
Class B Onset at age 20 or older or with duration of less than 10 years
Class C Onset at age 10-19 or duration of 10-19 years
Class D Onset before age 10 or duration greater than 20 years
D1 Onset before age 10 years
D2 Duration over 20 years
D3 Calcification of vessels of the leg (macrovascular disease)
D4 Benign retinopathy (microvascular disease)
D5 Hypertension (not preeclampsia)
Class R Proliferative retinopathy or vitreous hemorrhage
Class F Renal nephropathy with over 500 mg/d proteinuria
Class RF | Criteria for both classes R and F
Class G Many pregnancy failures
Class H Evidence of arteriosclerotic heart disease
Class T Prior renal transplant

lData from references (27, 29)
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Common Gross and Histopathologic Placental Findings

Table 5

Placental pathology

Progestational diabetes

Gestational diabetes

Type 1 diabetes

Type 2 diabetes

Growth/weight

- Increased placental weight compared to healthy
controls

- Increased placental
weight

Degree of villous
maturity

- Increased frequency of immature villi compared to
healthy controls

- Increased frequency
of immature villi

Measures of
angiogenesis

- Increased number of
capillaries in terminal
villi compared to
healthy controls

- Increased mean
number of redundant
connections per
terminal villi compared
to healthy controls

- Greater combined
length of fetal
capillaries compared to
healthy controls

- Increased mean
number of redundant
connections per
terminal villi compared
to healthy controls

Volume and surface
areas of parenchymal
tissue (contains the
structure or
compartments that are
strictly concerned in
metabolic exchanges
between mother and
fetus)

- Increased volume of parenchymal tissue compared
to healthy controls

- Increased volume of
parenchymal tissue
compared to healthy
controls

Maternal vascular
(primary vascular and
secondary vascular
lesions)

- Increased incidence
of nucleated fetal red
blood cells, fibrinoid
necrosis, villous
immaturity, and
chorangiosis compared
to healthy controls

- Increased incidence
of fibrinoid necrosis
and chorangiosis
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