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Background: Studies have shown that hypospadias is 
associated with placenta-mediated pregnancy complication 
(PMPC). The role of placental lesions is still unclear. We aimed 
to examine the association between hyposadias and placental 
pathology, and the effect of PMPC.
Methods: Using data from the US Collaborative Perinatal 
Project in 1959–1966, we identified 15,780 male subjects (167 
hypospadias) for analysis. Detailed placental examinations 
were conducted following a standard protocol. Subjects were 
divided into two groups according to whether they had PMPC, 
including small-for-gestational-age, pre-eclampsia/eclampsia 
or placental abruption. Logistic regression models were used 
to explore the association.
results: The prevalence of hypospadias was two times 
higher in subjects with PMPC than those without. Compared 
to pregnancies with PMPC but no hypospadias, those with 
both PMPC and hypospadias had significant higher preva-
lence of placental lesions, such as low placental weight, vas-
cular lesions, villous lesions, and membranous insertion of 
cord (adjusted odds ratio (OR) ranging from 2.6 to 5.2) after 
adjusting for potential confounders. In subjects without PMPC, 
no significant difference of placental pathology was found 
between those with or without hypospadias.
conclusion: About one third of hypospadias cases were 
complicated with PMPC and had a higher risk of placental 
lesions, suggesting heterogeneity of hypospadias etiology and 
mechanisms.

hypospadias is a common congenital malformation of male 
genitalia when the urethral opening is located on the coro-

nary sulcus, ventral penile shaft or, in some cases, the scrotum 
or perineum, rather than at the tip of the penis (1). The preva-
lence is estimated at approximately 3–8 per 1,000 births (1–4). 
In a normal male fetus, genetic programming contributes to 
androgenic stimulation that induces posterior fusion of the 
genital folds and genital tubercle develops into a phallic struc-
ture (5). The embryological basis of hypospadias is the failure 
of midline fusion of the urethral fold.

Epidemiologic studies showed that the etiology of hypospa-
dias is multifactorial. Aside from genetic, endocrine factors, 

environmental disruptors, hypospadias is found to be more 
common in adverse complications, such as pre-eclampsia/
eclampsia, small-for-gestational-age (SGA), placental abrup-
tion, multiple pregnancy, and preterm birth (2,6–8). Most of 
these conditions were associated with placental insufficiency, 
presenting in a blood flow disorder marked by a reduction in 
the maternal/fetal exchange (7,9–11). The first three conditions 
were defined as placenta-mediated pregnancy complication 
(PMPC) (9,10). These conditions have similar pathophysi-
ologic mechanisms attributable to diseased placental vessels, 
abnormal placental shapes, inadequate uteroplacental circula-
tion, or abnormal placental development (10). As a result, the 
placental pathology may play an important role in the etiol-
ogy of hypospadias. However, few studies further investigated 
the association between hypospadias and placental pathology 
because pathologic examinations were not available in most 
studies. To our knowledge, two case–control studies with small 
sample size were carried out exclusively in subjects with poor 
intrauterine growth and unable to draw reliable conclusions 
on the relationship due to insufficient statistical power (9,12).

The current study used data from the Collaborative Perinatal 
Project (CPP) to explore if and to what extent hypospadias 
may have placental etiology. The CPP remains one of the most 
comprehensive sources of detailed placental pathology with 
the largest placental database in the world.

METHODS
Population
The CPP was a prospective cohort study that recruited pregnant 
women from 1959 to 1966 at 12 university-based academic centers 
across the United States. A detailed description of the study has 
been provided elsewhere (13). Women were enrolled at their first 
prenatal visit, at a mean gestation of 21.3 ± 8.4 wk. In-depth demo-
graphic, socioeconomic, and behavioral information was collected 
by in-person interview at entry. Obstetrical factors were determined 
by the medical staff taking care of the women, and in the summary 
of the pregnancy. All ascertainments were reviewed and confirmed 
based on prespecified criteria by a senior study obstetrician at each 
site. Following delivery, placental gross morphology was examined 
and samples were collected for histological examination. Gross 
and microscopic examinations were conducted by trained patholo-
gists according to a standard protocol. Children were systematically 
assessed for birth defects and other outcomes at birth and several 
interviews during the first 7 y. Seventy-five percent of children had 
complete follow-up (13). Hypospadias was diagnosed within the first 
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7 y of life and the medical records were abstracted from the three 
diagnostic summaries: neonatal period, first year of life and 1 y to 7 y 
of age in CPP. The degree of hypospadias was, however, not recorded 
in the medical records. The CPP has one of the most comprehensive 
sources of detailed placental pathology and is still the largest placental 
database with a systematic follow-up of the children.

Of the 57,638 singleton pregnancies recruited in CPP, 27,407 boys 
were identified (Figure 1). Boys with an uncertain diagnosis of hypo-
spadias or placental pathology unavailable were excluded. Subjects 
with an implausible combination of birth weight-for-gestational-age 
were excluded due to likely errors in gestational age; so were those 
with missing values on birth weight or gestational age (14). Patients 
with other major anomalies (including congenital heart diseases, 
alimentary tract malformations, central nervous system malfor-
mations, congenital eye conditions, etc.) or congenital syndromes, 
were also excluded. The final study population consisted of 167 
hypospadias cases and 15,613 controls (Figure 1). The anonymized 
and de-identified study data files are publicly available through the 
US National Archives. A local ethical review (Ethics Committee of 
Xinhua Hospital Affiliated to Shanghai Jiaotong University School of 
Medicine) was not required for using such data in our hospital.

Placental Sample Collection
Placental pathologic assessments in the CPP were performed by a 
team of specially trained pathologists according to a standardized 
protocol, written by Dr. Naeye (15). Pathologists first conducted a 
gross examination of freshly delivered placentas. Then a full-thickness 
placental sample was taken from a representative block of the central 
portion, 3–4 cm from the cord insertion. One umbilical cord sample, 
one membrane roll sample, and samples from significant gross abnor-
malities were also taken for microscopic examination. Pathologists 
conducting the placental examinations were blinded to the clini-
cal course for 98% of gross and 97% of microscopic examinations. 
We created dichotomous variables for placental pathological lesions 
defined by the presence of one or more of 8 pathology measures 
on gross and microscopic examinations according to the literatures  
(16–18). These measures included low placental weight, vascular 
lesions, villous changes, maternal floor infarcts, type of cord inser-
tion to placenta, inflammatory cell infiltration, hemorrhage of the 
maternal surface, and calcification throughout the cut surface. Low 
placental weight was defined as less than the 10th percentile for CPP 
placentas delivered at each gestational age. Placenta-to-birth weight 
ratio was calculated as the ratio of placental weight to birth weight 
multiplied by 100%. High placenta-to-birth weight ratio was defined 
as placenta-to-birth weight ratio greater than the 90th percentile of 
CPP placentas at a given gestational week. Detailed definitions of 
other placental pathological lesions were listed in Table 1.

Covariates and Outcomes
Maternal characteristics that could affect placental pathology and 
hypospadias were considered as potential confounders in this study, 
including race (White, African-American, and other), maternal age at 
delivery, marital status at pregnancy, maternal education levels (≤ 9 y, 
10–12 y, >12 y), number of previous deliveries, socioeconomic status 
(1–5 grades from lowest to highest) (19), smoking during pregnancy, 
maternal BMI (underweight: <18.5, norma1 weight: 18.5–24.9, over-
weight: 25.0–29.9, and obesity: ≥30.0) (20), placental abruption, SGA, 
pregestational diabetes, gestational diabetes (21), chronical hyperten-
sion, and pre-eclampsia/eclampsia (22).

Pre-eclampsia/eclampsia was defined as gestational hypertension 
plus any of the following documented symptoms: gestational pro-
teinuria, oliguria, pulmonary edema, or convulsion from 25 wk of 
gestation to 5 wk postpartum. Hypertension was defined as 2 diastolic 
blood pressures ≥90 and ≤109 mm Hg or 1 diastolic pressure ≥110 mm 
Hg from 24 wk gestational age to 2 wk postpartum in the absence of 
a history of chronic renal disease or hypertension before pregnancy, 
and the absence of elevated diastolic blood pressure at <24 wk gesta-
tional age or >2 wk postpartum. Proteinuria was defined as 1+ urinary 
protein on at least 2 occasions or 2+ on at least 1 occasion antepar-
tum (or 3+ intrapartum), in the absence of a history of chronic renal 

disease and the absence of proteinuria at <24 wk gestation or >2 wk 
postpartum (23). The diagnosis of hypertensive disorders in the cur-
rent study was based on the actual blood pressure values as recorded 
in the data files, rather than on diagnostic summaries completed at the 
time. Detailed description was provided elsewhere (24). SGA infant 
was defined as one whose birth weight was less than the 10th percen-
tile for a given gestational week in accordance with the global reference 
weight percentiles calculator in different race and sex, respectively 
(25). Placental abruption was defined as the complete or partial sepa-
ration of a normally located placenta from its uterine site before the 
delivery of fetus (26). The presence of placental abruption was deter-
mined at the time of delivery by the attending physician, according 
to clinical criteria (27). In the present study, all subjects were divided 
into two groups based on the presence of SGA, pre-eclampsia/eclamp-
sia or abruption. Each group was further divided into two subgroups 
according to whether hypospadias existed or not. Thus, Subgroup A 
= Subjects without any pregnancy complication and hypospadias; 
Subgroup B = Subjects with hypospadias only; Subgroup C = Subjects 
with pregnancy complications only; Subgroup D = Subjects with both 
pregnancy complications and hypospadias.

Statistical Analysis
Maternal characteristics and perinatal outcomes were analyzed using 
chi-square tests. The association between hypospadias and placental 
pathology was evaluated by logistic regression. Model 1 presented the 
unadjusted association. Model 2 adjusted for race, smoking during 
pregnancy and gestational age.

RESULTS
In 12,407 subjects (84.8%) who were not complicated by 
PMPC, the prevalence of hypospadias was 9 per 1,000 boys. 
Among 2,230 (15.2%) subjects who had PMPC, the prevalence 
was 22 per 1,000 boys. Compared with the controls, hypospa-
dias cases had higher incidence of pregnancy complications: 
SGA (odds ratio (OR): 2.7, 95% CI: 1.8, 3.4), abruption (OR: 
2.5, 95% CI: 1.2, 5.4) and pre-eclampsia/eclampsia (OR: 2.3, 
95% CI: 1.2, 4.5) (Table 2).

Table 3 shows that in subjects without pregnancy compli-
cations, no significant difference in maternal characteristics 
was found between hypospadias cases and normal controls. 
In subjects with any pregnancy complications, mothers 
of hypospadias infants were more likely to deliver prema-
turely and be smokers during pregnancy but less likely to be 
African-American.

Table 4 represents the comparison between hypospadias cases 
and controls with or without PMPC, respectively. Subgroup D 
had higher risks of low placental weight (adjusted OR (aOR), 
2.7; 95% CI: 1.3, 5.9), infarcts larger than 3 cm (aOR, 2.6; 95% 
CI: 1.1, 6.4), vessel atheroma in decidua (aOR, 6.6; 95% CI: 1.4, 
30.8), villous infarcts in intervillous space (aOR, 2.0; 95% CI: 
1.0, 4.0), maternal floor infarcts (aOR, 4.7; 95% CI: 1.0, 21.7), 
membranous insertion of cord (aOR, 3.8; 95% CI: 1.3, 11.2) and 
calcification throughout the cut surface (aOR, 2.5; CI: 1.0, 6.1), 
than Subgroup C after adjusting for potential confounders. In 
contrast, no significant difference in placental pathology was 
found between Subgroups A and B. We also compared placental 
pathology between hypospadias cases and nonhypospadias sub-
jects with other major accompanying anomalies and congenital 
syndromes that we excluded in the current study. As expected, 
no significant difference was discovered (Supplementary Tables 
S1 and S2 online).
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DISCUSSION
In the current study, the prevalence of hypospadias is approxi-
mately 11 per 1,000 boys. One third of hypospadias cases were 
complicated with SGA, placental abruption, or pre-eclampsia/
eclampsia, a substantial proportion of which were considered 
as PMPC (10). The relative risk of having hypospadias was 
two times higher in subjects with PMPC than those without. 
Placental pathology findings further confirmed that hypospa-
dias cases had higher risks of placental lesions.

In subjects with PMPC, we found a high risk of hypospadias 
boys born with a low placental weight, which was consistent 
with a large study that included 1,713 hypospadias cases (28). 
However, that study did not have information on placental 
pathology. To our knowledge, only two studies examined the 
association between placental pathology and hypospadias. 
They only assessed this relationship in SGA (9) and extremely 
to very-low-birth-weight (11) infants, respectively. Fujimoto 
et al. showed that placenta-to-fetal weight ratio and placental 
weight-to-fetal age ratio were significantly higher in patients 

with hypospadias (P < 0.01) and placental histopathologic 
study revealed that infarction, calcification, and degenerative 
changes was more pronounced in hypospadias cases than con-
trols. But the differences did not reach statistical significance 
(11). Yinon et al. reported that in 30 early-onset SGA fetus with 
hypospadias, 70% of them exhibited absent/reversed end-dia-
stolic flow in the umbilical arteries and 81% of them presented 
ischemic–thrombotic placental pathology, both of which were 
related to placental insufficiency. However, they did not enroll 
controls in the study. Our study has more subjects with PMPC 
and found a significant association between placental pathol-
ogy and hypospadias.

What does the association between hypospadias and placen-
tal pathology or PMPC mean? First, there may be underlying 
factors that cause both placental pathology and hypospadias. 
For example, Ephrin (Eph) receptors and their ligands, the 
ephrins, regulate a wide spectrum of pathophysiological pro-
cesses, including cellular adhesion, migration or chemo-repul-
sion and tissue/cell boundary formation. Dysregulated Eph/

Figure 1. Study subjects flow chart.

Total number of singletons
57,638

Female and sex unknown (n = 30,231)

Diagnosis of hypospadias unavailable (n = 7,293)

Placenta pathology unknown (n = 2,154)

Implausible birthweight for gestational age and
birthweight unknown (n = 431)

Male included
27,407

Diagnosis of hypospadias
available included 20,114

Final number of subjects
17,529

Without major anomaly or
congenital syndromes

15,780

With major anomalies or
congenital syndromes

1,749

Without hypospadias
15,613

With hypospadias
167

Without hypospadias
1,717

Subgroup E

Complicated with SGA, abruption,
or preeclampsia/eclampsia

Subgroup A

12,991

Subgroup B

116

Subgroup C

2,180

Subgroup D Complications
unknown (n = 443)50

Unknown
No Yes

With hypospadias
32

Subgroup F
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ephrin signaling in the genital tubercle vascular endothelia 
has been linked to the failure of midline fusion of the urethral 
fold. They are also associated with failed maternal spiral artery 
remodeling (29,30). Thus, if a factor affects the ephrin system, 
it will cause both hypospadias and poor placental implanta-
tion. Similarly, fibroblast growth factor is an androgen-induced 
growth factor while epidermal growth factor is regulated by 

human chorionic gonadotropin (hCG) and both of them are 
crucial for embryonic development (31,32). Low expression 
of these growth factors are involved in hypospadias and may 
reduce placental vascular development, which will lead to poor 
placental function and fetal growth retardation/pre-eclampsia 
(33,34). We speculate that low and moderate level of pertur-
bations may only cause placental pathology while a high level 
could result in not only more severe placental pathology but 
also hypospadias. Further research is warranted to elucidate 
the underlying biological mechanisms.

It is also possible that some hypospadias cases are the conse-
quence of placental pathology/insufficiency. Studies suggested 
that early placental insufficiency might affect both hormone 
secretion (including hCG and androgen) and fetal nutrition 
(33,35). Animal models confirmed that hCG could stimulate 
human fetal testis that is xenografted into male mice to secrete 
testosterone (36). Thus, low hCG level and, in turn, low fetal 
androgen concentration may lead to male genital malforma-
tion, e.g., hypospadias and cryptorchidism, by impairing fetal 
androgen signaling or dysregulating expression of proges-
terone receptors in the developing genital tubercle (37,38). 
Moreover, there may be a programming window and only 
within this window can antiandrogenic xenobiotics induce 
hypospadias, cryptorchidism and altered penile length and 
other genital malformation while androgens may accelerate 
urethral fold fusion and a longer urethral tube in male rats 

table 1. Definition of placenta pathological lesions in the Collaborative Perinatal Project, 1959–1966

Placental pathology definition

Placental weight

Placental weight <10th percentile Proportion of placental weight lower than 10th percentile for a given gestational week

PBW ratio> 90th percentile Proportion of placental weight and birth weight ratio higher than 90th percentile for a 
given gestational week

Vascular lesions

Infarcts in cut surface

Occurrence of old vascular infarcts Yellow infarcts in maternal surface

Large size of infarct At least one infarct ≥ 3 cm in the cut surface

Number of infarcts Total number of infarcts in the maternal surface

Thrombosis in cut surface Vessels thrombosis in the cut surface

Vessel atheroma in decidua Vessels atheroma in the decidua

Villous lesions

Villous infarcts in intervillous space Micro infarcts in the terminal villi or intervillious thrombi with adjacent villous infarction

Syncytium-Nuclear clumping in decidua Excessive Syncytium-Nuclear clumping in the decidua

Maternal floor infarcts Cut surface: maternal floor infarcts

Membranous insertion of cord Membranous insertion

inflammatory cell infiltration

Neutrophilic infiltration Neutrophilic infiltration in the deciduas, in the chorion or amnion of membrane roll, or at 
the chorion of placental surface, or in the umbilical vessels or cord substance

Lymphocytic infiltration Lymphocytic infiltration in the capsularis or basalis or at the margin

hemorrhage Occurrence of hemorrhage in the maternal surface or thrombosis in the intervillous space

calcification Calcification throughout the cut surface

PBW, Placenta-to-birth weight ratio.

table 2. Maternal pregnancy complications and comorbidities by 
hypospadias in the Collaborative Perinatal Project, 1959–1966

Characteristics

Without 
hypospadias 

(Ref )
With 

hypospadias OR (95% CI) P

N (%) 15,613 (98.9) 167 (1.1) / /

Small-for-
gestational-age

1,416 (9.3) 36 (21.6) 2.7 (1.8, 3.4) <0.01

Abruption 266 (1.7) 7 (4.2) 2.5, (1.2, 5.4) 0.04

Pre-eclampsia or 
eclampsia

413 (2.7) 10 (6.0) 2.3 (1.2, 4.5) 0.02

Pre-existing 
hypertension

1,167 (7.5) 9 (5.4) 0.7 (0.4, 1.4) 0.3

Gestational 
diabetes

154 (1.0) 3 (1.8) 1.8 (0.6, 5.8) 0.29

Pre-existing 
diabetes

227 (1.5) 9 (5.4) 3.9 (2.0, 7.6) <0.01

Bold font: P < 0.05. / : no available number.
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(39,40). In humans, the window is more likely to be 8–14 wk 
of gestation (39). Therefore, during the vulnerable period if the 
level of hCG is low, the development of external genitalia may 
be affected.

Thus, both the confounding effect by unknown factors and 
a causal inference of placental pathology are plausible in the 
development of hypospadias. Nonetheless, our study clearly 
indicates that hypospadias cases may have different etiologies 
because only one-third of hypospadias cases were involved in 
placental pathology. More cases had no detectable placental 
pathology.

Our study has several strengths. The CPP remains the largest 
prospective birth cohort study in the United States, which col-
lected standardized information on maternal characteristics, 
medical and obstetrical events, and systemically followed up 
the children for 7–8 y. The latter may explain why our study 
has a little higher prevalence of hypospadias than some other 
studies (1–4,41–43). Second, placentas from the vast major-
ity of pregnancies (82%) were examined, blind to clinical 
events and according to a standardized protocol. It has been 
the most comprehensive placenta database in history. Finally, 
pre-eclampsia/eclampsia, placenta abruption, and poor 

table 3. Maternal characteristics by subgroup in the Collaborative Perinatal Project, 1959–1966

Characteristics

Pregnancy without placenta-mediated complications Pregnancy with placenta-mediated complications

Without hypospadias 
Subgroup A

With hypospadias 
Subgroup B P value

Without hypospadias 
Subgroup C

With hypospadias 
Subgroup D P value

N (%) 12,991 (99.1) 116 (0.9) 2,180 (97.8) 50 (2.2)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Maternal age (year) 24.5 (6.1) 24.8 (5.9) 0.74 24.4 (6.5) 25.0 (6.3) 0.78

Birth weight (g) 3,334.9 (481.2) 3,332.3 (487.7) 0.80 2,761.7 (590.2) 2,569.1(653.7) 0.02

Gestational age (week) 39.0 (2.6) 39.2 (2.7) 0.43 39.0 (2.8) 37.8 (2.9) <0.01

N (%) N (%) N (%) N (%)

Race 0.81 0.02

White 6,540 (52.1) 61 (52.6) 1,162 (53.3) 28 (56.0)

African-American 5,998 (47.7) 52 (44.8) 950 (43.6) 17 (34.0)

Other 30 (0.2) 3 (2.6) 68 (3.1) 5 (10.0)

Married 10,267 (79.0) 94 (81.0) 0.60 1,606 (73.7) 38 (76.0) 0.71

Maternal education levels 
(year)

0.90 0.13

Less than high school (≤ 9) 3,433 (26.4) 29 (25.0) 694 (31.8) 11 (22.0)

High school (10–12) 7,901 (60.8) 73 (62.9) 1,224 (56.2) 29 (58.0)

College and above (> 12) 1,657 (12.8) 14 (12.1) 262 (12.0) 10 (20.0)

Social economic status 0.95 0.10

1 (Lowest) 849 (6.7) 8 (7.0) 188 (8.8) 2 (4.1)

2 3,738 (29.3) 35 (30.7) 632 (29.7) 14 (28.6)

3 4,016 (31.3) 36 (31.6) 627 (29.5) 9 (18.4)

4 2,732 (21.4) 21 (18.4) 449 (21.1) 17 (34.7)

5 (Highest) 1,437 (11.3) 14 (12.3) 233 (10.9) 7 (14.3)

Parity 0.99 0.62

0 3,674 (28.3) 33 (28.5) 792 (36.4) 21 (42.0)

1 2,974 (22.9) 27 (23.3) 411 (18.9) 10 (20.0)

≥ 2 6,326 (48.8) 56 (48.3) 973 (44.8) 19 (38.0)

Smoking during pregnancy 5,991 (46.3) 49 (42.2) 0.38 1,231 (56.9) 21 (42.0) 0.04

Maternal BMI (kg/m2) 0.92 0.63

< 18.5 1,730 (13.5) 15 (12.9) 347 (16.4) 9 (18.7)

18.5–25 8,300 (64.6) 74 (63.8) 1,350 (63.6) 33 (68.7)

25–30 1,910 (14.9) 17 (14.7) 241 (11.4) 3 (6.3)

≥ 30 894 (7.0) 10 (8.6) 182 (8.6) 3 (6.3)

Subgroup A: Subjects without any pregnancy complication and hypospadias. Subgroup B: Subjects with hypospadias only. Subgroup C: Subjects with pregnancy complications only. 
Subgroup D: Subjects with both pregnancy complications and hypospadias.
Bold font: P < 0.05.
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intrauterine growth are all closely associated with placental 
insufficiency and, therefore, are commonly defined as PMPC. 
Integration of these three conditions may be a more effective 
approach to explore the relationship between placental pathol-
ogy and hypospadias.

Nonetheless, the CPP did not record the severity and family 
history of hypospadias. It is hypothesized that maternal-pla-
cental factor may cause severe hypospadias (defined anatomi-
cally as perineal, penoscrotal, or proximal) (44) while genetic 
susceptibility and environmental chemicals are more likely to 
be responsible for mild hypospadias (defined as distal) (7,8,45). 
Since a cause can be identified only in 30% of severe hypospa-
dias cases (33), however, placental pathology may be another 
indicator for potential different pathogenic etiologies. Finally, 
with 167 hypospadias cases, our sample size is still limited.

In conclusion, our study confirms the association between 
placental pathology resulting from placental insufficiency and 
hypospadias, and indicates that hypospadias may have differ-
ent etiologies. It provides important clues on the pathogenesis 

of some hypospadias cases. A larger-scale and more informa-
tive prospective study may provide further valuable insight into 
the molecular mechanism of placenta-associated  hypospadias 
for possible early prevention.
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table 4. Comparison of placental pathology lesions by subgroup in the Collaborative Perinatal Project, 1959–1966

Placenta pathological lesions

Pregnancy without placenta-mediated complications Pregnancy with placenta-mediated complications

Subgroup 
A (Ref )

Subgroup 
B

Crude OR 
(95% CI)

Adjusted 
OR (95% CI)

Subgroup 
C (Ref )

Subgroup 
D

Crude OR 
(95% CI)

Adjusted OR 
(95%CI)

N (%) 12,991 116 / / 2,180 50 / /

Placental weight

Placental weight <10th percentile 134 (1.0) 1 (0.9) 0.8 (0.1, 6.1) 0.9 (0.1, 6.3) 152 (7.0) 9 (18.4) 3.0 (1.4, 6.3) 2.7 (1.3, 5.9)

PBW ratio> 90th percentile 897 (7.1) 8 (7.1) 1.0 (0.5, 2.1) 1.0 (0.5, 2.2) 321 (15.3) 4 (8.3) 0.5 (0.2, 1.4) 0.5 (0.2, 1.3)

Vascular lesions

Infarcts in cut surface

Occurrence of old vascular infarcts 1,097 (8.5) 6 (5.2) 0.5 (0.2, 1.3) 0.6 (0.3, 1.4) 268 (12.3) 10 (20.0) 1.8 (0.9, 3.6) 1.9 (0.9, 3.9)

Large size of infarct 411 (3.2) 2 (1.7) 0.6 (0.3, 1.3) 0.5 (0.1, 2.2) 109 (5.0) 6 (12.0) 2.6 (1.1, 6.2) 2.6 (1.1, 6.4)

Number of infarcts 578 (4.5) 5 (4.3) 0.5 (0.1, 2.2) 1.0 (0.4, 2.4) 159 (7.3) 5 (10.2) 1.4 (0.6, 3.7) 1.6 (0.6, 4.1)

Thrombosis in cut surface 823 (6.5) 6 (5.3) 0.8 (0.4, 1.9) 0.8 (0.3, 1.8) 135 (6.3) 4 (8.2) 1.3 (0.5, 3.7) 1.4 (0.5, 4.1)

Vessel atheroma in decidua 47 (0.4) 0 (0) / / 12 (0.6) 2 (4.1) 7.5 (1.6, 34.4) 6.6 (1.4, 30.8)

Villous lesions

Villous infarcts in intervillous space 1,781 (13.7) 12 (10.3) 0.7 (0.4, 1.3) 0.7 (0.4, 1.4) 336 (15.4) 12 (24.0) 1.7 (0.9, 3.3) 2.0 (1.0, 4.0)

Syncytium-nuclear clumping in 
decidua

226 (1.9) 2 (1.9) 1.0 (0.2, 4.0) 1.0 (0.2, 4.0) 67 (3.6) 3 (7.5) 2.2 (0.7, 7.3) 2.3 (0.7, 7.7)

Maternal floor infarcts 38 (0.3) 0 (0) / / 16 (0.7) 2 (4.0) 5.6 (1.3, 25.1) 4.7 (1.0, 21.7)

Membranous insertion of cord 175 (1.4) 1 (0.9) 0.6 (0.1, 4.6) 0.7 (0.1, 4.7) 49 (2.3) 4 (8.0) 3.7 (1.3, 10.8) 3.8 (1.3, 11.2)

inflammatory cell infiltration

Neutrophilic infiltration 1,207 (9.3) 14 (12.1) 1.3 (0.8, 2.4) 1.2 (0.6, 2.1) 234 (10.7) 7 (14.0) 1.4 (0.6, 3.0) 1.2 (0.5, 2.6)

Lymphocytic infiltration 144 (1.1) 1 (0.9) 0.8 (0.1, 5.6) 0.8 (0.1, 5.8) 29 (1.3) 1 (2.0) 1.5 (0.2, 11.3) 1.1 (0.1, 8.5)

hemorrhage 950 (7.3) 8 (6.9) 0.9 (0.5, 1.9) 1.0 (0.5, 2.0) 225 (10.3) 3 (6.0) 0.6 (0.2, 1.8) 0.5 (0.2, 1.7)

calcification 1,149 (8.9) 11 (9.5) 1.1 (0.6, 2.0) 1.0 (0.5, 2.0) 144 (6.6) 6 (12.0) 1.9 (0.8, 4.6) 2.5 (1.0, 6.1)

Subgroup A: Subjects without any pregnancy complication and hypospadias. Subgroup B: Subjects with hypospadias only. Subgroup C: Subjects with pregnancy complications only. 
Subgroup D: Subjects with both pregnancy complications and hypospadias. Crude OR: model 1, unadjusted OR Adjusted OR: model 2, logistic model adjusting for race, smoking and 
gestational age.
PBW ratio, Placenta-to-birth weight ratio.
Bold font: P < 0.05. / : no available number.
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