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Abstract
Objective: To determine whether the presence of placental lesions were associated with 
functional outcome at 7 years of age in children born between 32 and 35 weeks GA.
Method: This study was part of a larger community based cohort study. We included 
44 moderately and late preterm born, singleton children from whom the placenta was 
available for examination. The placentas were assessed for pathology. cognitive and 
motor outcomes were assessed at a median age of 6.9 years. 
Results: Almost 80 percent of the placentas showed one or more lesions. in the presence 
of maternal vascular underperfusion (mVU) we found lower total iQ scores (mean [sD] 
97.8 [7.2] vs 105.0 [8.3]) and verbal iQ scores (mean 100.4 [8.9] vs 109.1 [9.1]) (P=.017 
and, P=.003 respectively). in the presence of ascending intrauterine infection (AiUi) we 
found lower total motor outcome percentile scores (median 32.1 vs 53.5, P=.028). other 
placental lesions were not associated with cognitive or motor outcome.
Conclusion: Placental lesions consistent with mVU are associated with lower iQ scores, 
whereas placental lesions indicating AiUi are associated with impaired motor skills at early 
schoolage. These findings suggest that placental lesions might be an early indicator for 
impaired outcome later in life.
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Introduction
Preterm birth is a major contributor to long-term neurodevelopmental problems.1 This not 
only holds true for early preterm birth, i.e. infants born at <  32 weeks’ gestational age 
(GA), but also for moderately preterm-born (GA 32-34 weeks) and late preterm-born (GA 
34-36 weeks) children.2-4  The outcomes of moderately preterm-born and late preterm-
born children as a group are less well studied than those of preterm-born children of 
< 32 weeks GA and fullterm-born children. it is known that compared to their fullterm-
born counterparts, moderately preterm-born and late preterm-born children are at risk of 
developmental delays at preschool age2 and at early school age they obtain lower scores 
on intelligence tests  and their neuropsychological functioning is poorer.3 

Placental lesions may cause preterm birth and may have major implications for the 
child if placental function is impaired. Placental lesions are known to be associated with 
adverse functional outcomes in very preterm and fullterm infants.5-8 Whether this also 
holds for moderate and late preterm infants is unknown, but would seem likely. Available 
evidence suggests that several placental lesions are associated with neonatal morbidities 
in preterm infants.9 This association may be even more apparent in moderate and late 
preterm infants because rates of neonatal complications, which frequently confound 
findings on the association between placental lesions and functional outcomes, are much 
lower in these two groups. Moderate and late preterm birth offers an excellent opportunity 
to bypass this confounding effect of non-placenta-related neonatal complications.  

A better understanding of the association between placental lesions and cognitive and 
motor outcomes in later life is necessary to identify placenta-related risks for developmental 
problems. such an understanding could provide clues for early interventions to improve 
functional outcomes. The objective of this study was, therefore, to determine whether the 
presence of placental lesions in general, and specific placental lesions in particular, were 
associated with functional outcomes at the age of seven in children born between 32 and 
35 weeks’ GA. We hypothesized that in case of placental lesions functional outcomes 
would be poorer.

Methods
in this community-based cohort study we related placental lesions to functional outcomes 
at seven years of age.

Study population
our cohort consisted of forty-four moderate and late preterm-born, singleton children, 
who participated in the Longitudinal Preterm outcome Project (LoLLiPoP). LoLLiPoP is 
a large prospective, community-based cohort study designed to investigate the growth, 
development, and general health of preterm-born children. Within LoLLiPoP we focused 
moderately preterm-born and late preterm-born children. From the northern part of the 
netherlands, were our hospital is situated, we invited 248 moderate and late preterm-born 
children, born without major chromosomal and congenital abnormalities, to participate in 
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follow-up testing at seven years of age .3 
 For the study reported on here, we selected  the singleton, moderately preterm-born 

and late preterm-born children who had participated in the above mentioned follow-
up study (181). of this group the placentas of 44 children, i.e. 24%, were available for 
pathological examination. We determined whether this group, who were included in this 
study,  differed in terms of gender, GA, birth weight, small-for-gestational age (SGA), Apgar 
scores, age, length, and weight at follow-up from the children whose placentas were not 
available (excluded from this study). We found statistically significant lower mean GAs, 
BWs, and a higher incidence of sGA among children  whose placentas were available 
(Table 1). 

Table 1. Patient demographics, patient characteristics, and placental characteristics. Data are given 
as median (range) or numbers (percentage)
Study populationa / exluded infantsb N = 44a                                N = 137b

Boys / girls 24/20 (55% / 45%)          71/66 (52% / 48%)
Gestational age, weeks 34 (32-35)                       34 (32-35) *
Birth weight, grams 2000 (1190-3710)           2400 (975-3900)*
Small for gestational age (P<10) 10 (22.7%)                       12 (8.8%)*
Apgar score at 5 min <6 2 (4.5%)                           3 (2.2%)
Parental education levelc

     Low 6 (13.6%)
     Middle 16 (36.4%)
     High 20 (45.5%)
Placental weight, grams 373 (170-680)
Cord length, centimeters 33.5 (10-70)
Placenal lesions† 35 (79.5%)
     Maternal vascular underperfusion 17 (38.6%)
     Ascending intrauterine infection 8 (18.2%)
     Fetal thrombotic vasculopathy 6 (13.6%)
     Villitis of unknown etiology 5 (11.4%)
     Chronic deciduitis 2 (4.5%)
     Perivillous fibrinoid 0
     Chorioamniotic hemosiderosis 0
     Meconium    4 (9.1%)
Placental markers
     Elevated nucleated red blood cells 11 (25%)
     Chorangiosis 3 (6.8%)
Follow up
     Age at follow up, years 6.9 (6.8-7.0)
     Length at follow up, centimeters 124 (111-135)
     Weigth af follow up, kilogram  23 (17-35)

* P<.05
† The summed number exceeds the total numbers, because a single placenta can have more than 
one lesion.
cParental education level is defined as the mean of the highest education completed by mother and 
father (low, elementary school; middle, high school or technical school; high, college or university), 
n=2 are missing.
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Procedure and variables
Placental lesions
Placental lesions were assessed by using the histopathologic coupes of placentas that 
had been obtained from the hospitals where the infants were born. These coupes were 
reexamined by a perinatal pathologist (AT) in accordance with the guidelines published by 
the British Royal college of obstetricians and Gynaecologists and the Royal college of 
Pathologists, and by the college of American Pathologists.9,10 The pathologist was blinded 
as to clinical outcomes. We assessed all the placentas for lesions found in preterm and/
or fullterm infants and that may possibly be associated with neurodevelopment.5-7 each  
lesion was scored as either resent or absent.
 The lesions were classified as placental pathology consistent with maternal vascular 
underperfusion (mVU),11 ascending intrauterine infection (AiUi) with a maternal and/
or a fetal response,12 chronic villitis of unknown etiology (VUe),13 chronic deciduitis,14 
perivillous fibrinoid,15 fetal thrombotic vasculopathy,16 meconium associated vascular 
necrosis,17 chorioamniotic hemosiderosis,18 increased nucleated red blood cells (nRBcs),19 
chorangiosis,20 and umbilical cord abnormalities.21 Table 2 presents the definition and 
scoring criteria of these placental lesions. in addition, data on placental weights and 
umbilical cord lengths were obtained.
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Table 2: Diagnostic terminology and definitions of the placental lesions
Diagnostic terminology Definition and scoring criteria

Maternal vascular underperfusion Decidual vasculopathy, e.g. incomplete or absent spiral artery remodeling, acute 
atherosis, fibrinoid necrosis, or thrombosis; parenchymal pathology such as placental 
hypoplasia, increased syncytial knotting, villous agglutination, increased perivillous 
fibrin, distal villous hypoplasia, infarction, retroplacental hematoma.11 

Ascending intrauterine infection Acute inflammation of the extraplacental membranes and chorionic plate. Acute 
chorioamnionitis and chorionitis represent the maternal response; chorionic or umbilical 
vasculitis represents the fetal response.12

Villitis of unknown aetiology Chronic lymphohistiocytic inflammation of the stem and chorionic villi, with or without 
obliterative vasculopathy of stem villus vessels.13

Chronic deciduitis Chronic lymphohistiocytic or plasmacytic inflammation of placental decidua.14

Maternal floor infarction / massive perivillous 
fibrinoid deposition 

Excessive perivillous fibrin deposition, either basally at a thickness of ≥3 mm on at least 
one slide (maternal floor infarction) or transmural encasing ≥50% of villi on at least one 
slide (massive perivillous fibrinoid deposition).15

Fetal thrombotic vasculopathy Fetal vascular thrombosis, intimal fibrin cushions, fibromuscular sclerosis, hemorrhagic 
endovasculitis and groups of at least five avascular fibrotic villi without inflammation or 
mineralization and/or adherent thrombi in stem vessels.16

Meconium associated vascular necrosis Meconium associated necrosis of smooth muscle cells in the wall of chorionic plate 
vessels.17

Chorioamniotic hemosiderosis Presence of hemosiderophages in the amnion and chorion.18

Elevated nucleated red blood cells Only rare NRBCs are normal after the first trimester. More than two NRBC in a randomly 
selected field of 4.5 mm2, corresponding to 18 consecutive fields at 40x magnification, or 
one field at 10x magnification was considered as abnormal.19

Chorangiosis Diffuse increase in the number of villous capillaries.20 

Umbilical cord abnormalities Obstruction or disruption of the umbilical cord blood flow (e.g. umbilical cord prolapse, 
entanglement, knots, disrupted velamentous vessels, hyper/hypo-coiling).21
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Assessment of functional outcomes at seven years of age
The children and their parents were invited to visit University medical center Groningen 
or a well-infant clinic in their neighborhood for a three-hour assessment consisting of 
standardized neuropsychological tests. While their parents waited in the waiting room, each 
child was tested individually by a trained psychologist, who was blind as to gestational age 
and placental pathology . We assessed cognitive and motor outcomes. 

With regards to cognitive outcomes we assessed total, verbal, and performance 
intelligence with a shortened version of the Wechsler intelligence scale, third edition, Dutch 
version (Wisc-iii-nL).22 We assessed visuomotor integration with the Design copying Test, 
a subtest of the Developmental neuropsychological Assessment Battery, second edition, 
Dutch version (nePsY-2-nL).23 Verbal memory, including learning capacity, long-term 
memory, and recognition, we assessed with the Dutch version of the Rey Auditory Verbal 
Learning Test (AVLT).24  We assessed the attention skills required for effective functioning 
at school with the following  subtests of the Test of everyday Attention for children, 
Dutch version (TeA-ch-nL): map mission (selective attention), score! (sustained auditory 
attention), same World (attention control), and opposite World (inhibition).25 

With regards to motor outcomes we used the Dutch version of the movement Assessment 
Battery for children (movement-ABc).26 We determined total motor performance, which is 
based on subscale scores for manual dexterity (fine motor skills), ball skills, and static and 
dynamic balance.

Additionally, we collected data on several neonatal and obstetrical characteristics 
such as mode of delivery, GA, birth weight, gender, sGA, Apgar scores, and parental 
education. 

Statistical analysis
We used sPss 20.0 software for Windows (sPss inc chicago, illinois, UsA) for the 
statistical analyses. For demographic characteristics, placental lesions, and outcome 
scores at follow-up we used descriptive statistics . We present the outcome scores 
as raw scores and percentiles, where appropriate. on the basis of the test scores and 
following the tests’ manuals, we assigned  the children to one of three categories: normal, 
borderline, or abnormal. subsequently, we assessed the association of outcome scores 
with placental lesions. We did this in two ways. First, we assessed outcome measures 
for no, one, or more than one placental lesion using regression analyses. Because GA 
and parental education are known to be associated with outcome measures, we adjusted 
for these variables. Finally, we assessed the association between outcome measures 
and each specific placental lesion. We used linear regression models (‘enter’ method) for 
all placental lesions occurring more than four times in the study group. We once again 
adjusted for GA and parental education and entered these variables into a second model. 
A predetermined P value of < .05 was considered statistically significant.
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Results
Study population characteristics
We present the perinatal and follow-up characteristics of the study population in Table 1 
and the follow-up outcomes of the entire group, irrespective of placental lesions, in Table 3.

Table 3: outcome data at follow-up. We present raw test scores and percentiles of several tests (left 
part) and number of children categorized as normal, borderline or abnormal (right part) 

Variables
Test scores
Mean (SD)

Percentile scores 
Median (P25-75)

Number of children categorized 

Normal Borderline Abnormal Total

WISCa

   IQ-total 102.2 (8.6) - 44 0 0 44

   IQ-verbal 105.7 (9.9) - 44 0 0 44

   IQ-performance 98.5 (11.1) - 41 3 0 44

NEPSYb

   Visuomotor 7.6 (2.3) - 29 14 1 44

TEAChc

   Selective attention 11.8 (3.8) 37 (16-50) 34 7 3 44

   Sustained attention 6.2 (2.7) 50 (18-75) 36 5 3 44

   Attention control 37.3 (8.3) 50 (25-82) 41 3 0 44

   Inhibition 48.6 (15.0) 50 (18-84) 37 4 3 44

AVLTc

   Recall 36.2 (7.8) 55 (34-91) 41 2 0 43

   Delayed recall 7.8 (2.2) 59 (25-75) 36 6 1 43

   Recognition 28.1 (1.9) - - - - 43

Movement ABCc

   Total motor skills 4.7 (4.6) 44 (26-78) 38 3 3 44

   Manual dexterity 1.4 (2.2) - 41 0 3 44

   Ball skills 1.7 (1.7) - 31 8 5 44

   Balance 1.2 (2.1) - 36 4 4 44

Abbreviations: Wisc – Wechsler intelligence scale; nePsY – Developmental neuropsychological 
Assessment battery; TeAch – Test of everyday Attention for children; AVLT – Auditory Verbal 
Learning Test; movement ABc – movement Assessment Battery for children.

a: Test score: Intelligence quotient. Categorized: normal ≥85; borderline 70-84; abnormal <70.
b: Test score: Scaled score. Categorized: normal ≥7; borderline 3-6; abnormal <3.
c: Test score: raw scores. Categorized: normal p ≥15; borderline p5-14; abnormal p<5.
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Placental lesions
see Table 1 for  the distribution of placental lesions. We found no lesions in nine out of forty-
four placentas (20.5%). eighteen placentas showed one lesion and seventeen showed 
more than one lesion. The maximum number of lesions was three. The largest group of 
placental lesions consisted of mVU, in seventeen placentas, followed by AiUi in eight. 
All eight placentas with AiUi showed a maternal response, while six placentas showed a 
fetal response in addition to the maternal response. chronic deciduitis occurred twice and 
chronic chorioamnionitis once. Both lesions were, therefore, not included in the analyses 
with outcome measures. Perivillous fibrinoid deposition, chorioamniotic hemosiderosis, 
and meconium-associated vascular necrosis did not occur in our study population.

Association between placental lesions and cognitive outcomes 
The number of placental lesions in general was not associated with cognitive outcomes 
(Table 4). After adjustment for gestational age and parental education, scores on selective 
attention became marginally better with more placental lesions (P = .048, Table 4).

Regarding specific placental lesions, only MVU was associated with IQ (Table 5). In the 
presence of mVU we found lower total iQ scores (mean 97.8,  sD 7.2 versus mean 105.0, 
sD 8.3) and verbal iQ scores (mean 100.4, sD 8.9 versus mean 109.1, sD 9.1) (P = .017 
and P = .003, respectively). In the presence of MVU the unstandardized coefficient (B) was 
-7.1 for total iQ, which explains a decline of 7.1 iQ points in the presence of mVU. For 
verbal iQ we found a B of -8.7. mVU was not associated with performance iQ (P = .340) 

When we assigned the children to either one of the three categories normal, borderline, 
or abnormal in accordance with their outcomes scores, none of the placental lesions were 
associated with outcome.   
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Table 4 Relation of cognitive and motor outcomes and the presence of placental lesions
Outcome scores No placental lesions 1 placental lesion ≥2 placental lesions# F P F † P †

N= 9    (SD) N=18   (SD) N=17    (SD)

Intelligence (IQ)

   IQ-total 106.1   (9.0) 99.6     (5.1) 102.9   (9.3) 1.934 .158 0.527 .595

   IQ-verbal 110.6   (8.3) 104.4   (8.2) 104.6 (11.8) 1.379 .263 0.856 .434

   IQ-performance 101.4 (12.9) 94.6     (9.7) 101.1 (10.9) 1.998 .149 0.503 .609

Visuomotora 7.7       (1.7) 7.7       (2.7) 7.4       (2.1) 0.085 .919 0.115 .892

Verbal memory

   Recallb 46.9   (29.3) 63.2   (27.0) 60.9    (32.5) 0.964 .390 0.638 .535

   Delayed recallb 59.1   (30.6) 57.0   (26.6) 48.5    (29.5) 0.539 .587 1.087 .349

   Recognitionc 27.6     (2.7) 27.9     (1.8) 28.6      (1.4) 1.066 .354 0.363 .698

Attention

   Selectiveb 23.8   (17.0) 34.0   (25.2) 41.7    (19.9) 1.992 .149 3.331 .048*

   Sustainedb 43.4   (25.4) 43.3   (35.7) 53.4    (33.4) 0.486 .618 1.008 .376

   Attention controlb 46.6   (33.7) 53.7   (23.2) 55.1    (31.3) 0.276 .761 0.540 .588

   Inhibitionb 45.7   (35.4) 50.6   (36.3) 53.4    (30.7) 0.152 .859 0.375 .690

Motor skills

   Totalb 54.1   (30.3) 48.0   (32.0) 48.9    (26.0) 0.137 .872 0.299 .744

   Manual dexterityd 1.7       (2.2) 1.9       (2.8) 0.8        (1.2) 1.308 .281 0.079 .191

   Ball skillsd 1.9       (2.1) 1.6       (1.6) 1.7        (1.6) 0.104 .902 0.106 .900

   Balanced 0.7       (1.0) 1.1       (2.7) 1.6        (1.9) 0.681 .512 0.620 .544

Data are mean (sD). P values of the F tests in AnoVA. higher scores represent better performance 
on the subtests, except for Attention control, inhibition, and all motor skills.
#: with a maximum of 3 placental lesions. 
†: adjusted for parental education and gestational age in AnoVA.
*: P <.05
a: scaled score, higher score represent better performance
b: percentile scores
c: raw scores, higher score represent better performance
d: raw scores, higher scores represent worse performance

Association between placental lesions and motor outcomes 
The number of placental lesions in general was not associated with motor outcomes (Table 4).

With regards to specific placental lesions only AIUI was associated with motor outcomes 
(Table 5). in the presence of AiUi we found lower total motor outcome percentile scores 
(mean 32.1, sD 19.8 versus mean 53.5, sD 29.3, P = .048). AiUi with a fetal response was 
associated with lower total motor outcome scores (median 26.2, sD16.2 versus median 
53.3 sD 28.8, P = .031) (Figure 1). 

After  assigning the children to one of the three categories normal, borderline, or 
abnormal, only AiUi and AiUi with a fetal response, were associated with poorer static and 
dynamic balance (P = .035 and P = .085, respectively), but not with total motor skills. 
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Table 5 Relation of cognitive and motor outcome scores and placental lesions, using multivariable 
linear regression models

Variable B† 95% CI for B† Beta† R2† P-value† Beta†† P-value††

IQ-totala

   MVU -7.10 -12.86 to -1.34 -.41 17.8 .017* -.35 .033*

   AIUI 0.74 -6.23 to 7.70 .03 17.8 .832 .15 .288

   FTV 0.88 -7.11 to 8.87 .04 17.8 .825 -.04 .787

   VUE 0.16 -8.15 to 8.46 .01 17.8 .969 .23 .119

   ↑NRBCs 1.39 -4.52 to 7.29 .07 17.8 .637 .01 .935

Visuomotor integrationb

   MVU -0.69 -2.30 to 0.93 -.15 7.7 .396 -.31 .114

   AIUI 1.08 -0.88 to 3.03 .19 7.7 .217 .19 .280

   FTV 1.01 -1.23 to 3.25 .16 7.7 .366 .27 .176

   VUE 0.12 -2.21 to 2.45 .02 7.7 .918 .01 .937

   NRBCs -0.60 -2.26 to 1.06 -.12 7.7 .469 -.06 .743

Verbal memoryc

   MVU -4.93 -26.73 to 16.72 -.08 3.6 .647 -.17 .394

   AIUI -7.53 -33.68 to 18.62 -.10 3.6 .563 -.08 .674

   FTV 5.37 -26.52 to 37.27 .06 3.6 .735 -.01 .976

   VUE 10.60 -20.57 to 41.77 .12 3.6 .495 .20 .304

   ↑NRBCs 2.10 -20.10 to 24.29 .03 3.6 .849 .03 .860

Selective attentiond

   MVU -2.66 -18.66 to 13.35 -.06 7.6 .739 -.13 .507

   AIUI -0.63 -19.99 to 18.73 -.01 7.6 .948 .04 .818

   FTV 12.57 -9.64 to 34.78 .20 7.6 .259 .28 .169

   VUE 0.89 -22.19 to 23.97 .01 7.6 .938 .06 .729

   ↑NRBCs 10.85 -5.56 to 27.27 .21 7.6 .189 .28 .116

Total motor skillsd

   MVU -11.01 -30.93 to 8.91 -.19 13.5 .270 -.27 .159

   AIUI -27.22 -51.31 to -3.12 -.37 13.5 .028* -.36 .041*

   FTV -4.93 -32.57 to 22.71 -.06 13.5 .720 -.06 .772

   VUE -11.02 -39.74 to 17.71 -.12 13.5 .442 -.07 .671

   ↑NRBCs 3.34 -17.09 to 23.76 .05 13.5 .743 .05 .767

Abbreviations: mVU – maternal vascular underperfusion; AiUi – ascending intrauterine infection; 
FTV – fetal thrombotic vasculopathy; VUe – villitis of unknown etiology; nRBcs – nucleated red 
blood cells.† model 1: all placental lesions for outcome measures, method enter.
†† model 2: all placental lesions, gestational age, and parental education for outcome measures, 
method enter.
*: P <.05
a: intelligence quotient 
b: scaled score, higher score represent better performance
c: Verbal memory: recall, percentile score
d: percentile scores
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Figure 1: Total movement-ABc scores in the presence or absence of AiUi with and without a fetal 
response.
Data are shown in box and whisker plots. 
Abbreviations: AiUi – ascending intrauterine infection; movement-ABc – movement Assessment 
Battery for children. 
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Discussion
our study showed that placental lesions in general hardly associated with functional 
outcomes in moderately preterm-born and late preterm-born children at early school age. 
only the presence of one or more placental lesions was marginally associated with better 
selective attention. On considering specific placental lesions, however, we found a strong 
association between the presence of mVU and lower total iQ scores and between the 
presence of AiUi and poorer motor skills. other placental lesions were not associated with 
cognitive or motor functioning. our hypothesis that functional outcomes would be poorer 
in the presence of placental lesions was thus confirmed for MVU and AIUI, but not for other 
placental lesions.
 The presence of placental lesions in general was not associated with outcome scores. 
We only found that the presence of one or more placental lesions in general were marginally 
associated with better selective attention. This is not supported by the literature and may be 
a chance finding due to multiple testing. The presence of any placental lesion, unspecified, 
might also be too broad an operationalization to find any associations. We draw attention 
to the fact that almost 80% of the moderately preterm-born and late preterm-born children 
in our study had one or more placental lesions. 

We did find associations between specific placental lesions and functional outcomes, 
in particular for placental lesions with signs of mVU and AiUi. mVU was associated with 
lower iQ scores. We found a decline of 7.1 iQ points on total iQ in the presence of mVU. 
This is almost one sD lower compared to the group without mVU (sD = 8.3), which 
constitutes a relevant IQ difference. Only a few other studies addressed the association 
between mVU and cognition, albeit in early preterm infants.6,33 Van Vliet et al. found poorer 
mental development in the presence of mVU compared to AiUi at the age of two. At 
seven years they found better, although not significant, mental and motor development 
in the presence of AiUi compared to mVU, suggesting lower scores in the presence of 
mVU.33 These findings suggest a similar association between MVU and IQ in moderately 
preterm-born and late preterm-born children. Conversely, Redline et al. did not find an 
association at school age between mVU and cognitive measures, including executive 
functions and memory, in early preterm-born children.6  They did not, however, investigate 
IQ. We also did not find an association between MVU and memory tests, but we did find an 
association between mVU and iQ. iQ scores are a global indication for cognition, whereas 
visuomotor integration, memory, and attention tests are more specific. This may explain 
why we only found differences concerning MVU and cognition on IQ scores and not on 
specific subtests. 

An explanation for lower iQ scores in the presence of mVU may be due to the chronic 
nature of mVU. The onset of mVU occurs more than one week prior to delivery,36 and is 
caused by inadequate spiral artery remodeling leading to decidual vasculopathy.11 Decidual 
vasculopathy may result in placental underperfusion leading to a lasting non-optimal 
intrauterine environment. This in turn may lead to some degree of cerebral underperfusion 
resulting in lower cognition scores at school age. Another possibility is that due to the 
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lasting non-optimal intrauterine environment the infant is more susceptible to the  inherent 
stress of delivery leading to intrapartum complications.5 Finally, it might also be a chance 
finding since we assessed multiple associations.    
 The second placental lesion that we found to be associated with outcome measures 
was AiUi. AiUi was associated with poorer motor skills, particular in the case of AiUi with 
a fetal response. These findings are consistent with the literature. AIUI is known to be 
associated with poorer motor outcomes in early preterm and in fullterm infants.5,7,8,37,38 We 
now add that this association is also potentially present in moderately preterm-born and 
late preterm-born children. notably, we found a stronger association between AiUi and 
motor outcomes in the presence of a fetal response. other studies also reported that the 
association between AiUi and motor outcomes is predominantly seen in the presence of 
AiUi with a fetal response in the placenta.5,7,8 
 several hypotheses have been proposed to explain the association between AiUi 
and motor outcomes. The first hypothesis concerns the presence of cytokines in fetal 
circulation and postulates that the elevated blood and brain cytokine levels resulting 
from AIUI might lead to central nervous system damage in the fetus. The inflammatory 
cytokines can be neurotoxic and inhibit oligodendrocytes from developing white matter.38-

41 Another possible explanation is the multiple hit hypothesis.42 This hypothesis addresses 
the etiology of retinopathy of prematurity. Dammann et al. explained that multiple hits of 
exposure to inflammation might contribute to the risk of retinopathy of prematurity.42 This 
might also be the case for motor outcome. Postnatal inflammatory exposure in addition to 
AiUi might be an additional risk factor for developing poorer motor skills in later life.

The strength of this study is that to the best of our knowledge we are  the first to study 
the association between placental lesions and functional outcomes in moderate and late 
preterm infants. We do, however, point out a few limitations too. to. First, the placentas of 
only 24% of the children initially tested in LoLLiPoP and who met our inclusion criteria 
were available for pathological examination. This 24% may constitute a biased group 
because the placentas had probably not been submitted for examination without reason. 
in comparison to the children whose placentas had not been sent to the pathologist, 
we found that the children whose placentas were available had lower GAs, lower birth 
weights, and a higher percentage were sGA. This suggests that the children included in 
our study were more at risk of adverse outcomes than the children whose placentas were 
not available. 

secondly, almost 80% of the children in our study group were born with one or more 
placental lesions. When determining the associations between a specific placental lesions 
and outcomes, the comparison group consisted partly of children with placental lesions 
other than the one under study, which may have led to a degree of underestimation of the 
real differences. 
 in conclusion, our study indicated that in moderately preterm-born and late preterm-
born children mVU was associated with lower iQ scores and AiUi with impaired motor 
skills at early school age. These findings suggest that placental lesions might be early 
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indicators of impaired outcome later in life. Placental lesions should, therefore, be taken 
into account when evaluating the functional outcomes of all preterm-born children. 
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