
Original Article

Are Extremely Low Gestational Age
Newborns Born to Obese Women at
Increased Risk of Cerebral Palsy at 2 Years?

Jelske W. van der Burg, MSc1, T. Michael O’Shea2, Karl Kuban3,
Elizabeth N. Allred4, Nigel Paneth5, Olaf Dammann6,7, and Alan Leviton4

Abstract
The authors hypothesized that the risk of cerebral palsy at 2 years in children born extremely preterm to overweight and obese
women is increased relative to the risk among children born to neither overweight nor obese women. In a multicenter pro-
spective cohort study, the authors created multinomial logistic regression models of the risk of diparetic, quadriparetic, and
hemiparetic cerebral palsy that included the prepregnancy body mass index of mothers of 1014 children born extremely preterm,
cerebral palsy diagnoses of children at 2 years, as well as information about potential confounders. Overweight and obese women
were not at increased risk of giving birth to a child who had cerebral palsy. The risk ratios associated with overweight varied
between 1.1 for quadriparesis (95% CI ¼ 0.5, 2.1) to 2.0 for hemiparesis (95% CI ¼ 0.4, 9.8). The risk ratios associated with
obesity varied between 0.7 for diparesis (95% CI ¼ 0.2, 2.5) to 2.5 for hemiparesis (95% CI ¼ 0.4, 13).
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The risk of cerebral palsy, one of the most common causes of

chronic disability in children,1,2 increases with decreasing

gestational age.3 Despite the improvements in perinatal care

in recent decades, the prevalence of cerebral palsy has not

declined.4-6 This observation suggests that prenatal factors,

including maternal conditions, contribute more to the onset/

occurrence of cerebral palsy than do postnatal exposures.

The prevalence of obesity among gravidas increased during

the past decades, with the latest figures showing that more than

one-third of women entering pregnancy in the United States

were identified as obese before pregnancy.7 Overweight and

obesity before pregnancy appear to be associated with such

antenatal and intrapartum complications as gestational diabetes,

preeclampsia, hypertension, and labor and delivery difficul-

ties.8,9 The mother’s obesity also appears to have adverse effects

on her offspring10 such as increased risk for cognitive defi-

cits,11,12 behavioral disabilities,13,14 and cerebral palsy.15-19

Most studies linking maternal obesity to a child’s risk of

cerebral palsy have been mainly of term-born children. To the

authors’ knowledge, no report has assessed the relationship

between high maternal prepregnancy body mass index and cere-

bral palsy among children born extremely preterm. The multi-

center ELGAN (Extremely Low Gestational Age Newborn)

Study, with its uniform and highly reliable assessments of cere-

bral palsy, provided an opportunity to correct this deficiency.

The different types of cerebral palsy will be investigated

separately because the neuropathology underlying these types

may differ from each other in children born extremely pre-

term.20-23 The risk factors and antecedents of the different

types of cerebral palsy may therefore vary on the basis of

differences in pathophysiology that are associated with these

cerebral lesions.
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Methods

Sample

The ELGAN study, a prospective cohort study designed to identify

characteristics and exposures that increase the risk of structural and

functional neurologic disorders, enrolled 1506 extremely low gesta-

tional age newborns (birth between 23 and 27 6/7 weeks of gestation)

at 14 participating institutions between 2002 and 2004.24 Institutional

review boards of the participating institutions approved the enrollment

and consent processes. Mothers were approached for consent either

upon antenatal admission or shortly after delivery, depending on clin-

ical circumstance and institutional preference. A total of 1249 mothers

of 1506 infants consented. Approximately 260 women were either

missed or did not consent to participate. Of the 1205 infants who sur-

vived to age 2, 1056 (88%) had a neurologic examination at approxi-

mately 24-months corrected age. Fully 1014 children had complete

information on variables of interest and are the subjects of the analyses.

Demographic and Pregnancy Variables

In the entire ELGAN Study sample, both maternal obesity and cere-

bral palsy varied with gestational age at delivery.25-27 In early sets of

analyses, the authors adjusted for gestational age in 2 ways, both by

weeks of gestation (23, 24, 25, 26, 27) and by groups of weeks (23-24,

25-26, 27). Each provided almost identical results. Here the authors

present data adjusted for gestational age in groups of weeks.

After delivery, a trained research nurse interviewed each mother in

her native language using a structured data collection and following

procedures contained in a manual. The mother’s report of her own

characteristics and exposures, as well as the sequence of events lead-

ing to preterm delivery was taken as truth, even when her medical

record provided discrepant information. Shortly after the mother’s

discharge, the research nurse reviewed the maternal chart using a

second structured data collection form. The medical record was relied

on for events following admission.

Maternal Body Mass Index

Each mother was asked to provide her height and her prepregnancy

weight shortly before, or shortly after delivery when she was inter-

viewed, usually by a research nurse. These data were used to calculate

her body mass index. The US government classifies body mass

indexes as follows: <18.5 is underweight, 18.5–24.9 is normal,

25.0–29.9 is overweight, 30.0–34.9 is obese, 35.0–39.9 is very obese,

and �40 is extreme obesity.28 The authors collapsed these groups into

<25, 25-29.9, and �30.

Pregnancy Disorders

The clinical circumstances that led to each maternal admission and

ultimately to each preterm delivery were operationally defined using

both data from the maternal interview and data abstracted from the

medical record.29 The authors were interested in the potential precon-

ditioning/sensitization by antenatal inflammation. Therefore, the

authors divided the sample into 2 groups defined by spontaneous

indications for delivery (preterm labor, preterm premature rupture of

membranes, abruption, or cervical insufficiency) versus maternal (pre-

eclampsia) or fetal indications. The rationale for this was that sponta-

neous indications are often associated with inflammation, while fetal

and maternal indications are mostly not.30,31

Infant Characteristics

Gestational age estimates were based on a hierarchy of the quality of

available information with estimates based on the dates of embryo

retrieval or intrauterine insemination or fetal ultrasound before the

14th week of gestation (62%) as the most desirable. Next most desir-

able in sequential order were estimates based on a fetal ultrasound at

14 or more weeks of gestation (29%), last menstrual period without

fetal ultrasound (7%), and recorded in the log of the neonatal inten-

sive care unit.

The birth weight Z-score represents the number of standard devia-

tions the infant’s birth weight was above or below the median weight

of infants at the same gestational age in referent samples not delivered

for preeclampsia or fetal indications.32,33 The authors evaluated 2

groups of growth-restricted infants. The more severely growth-

restricted infants had a birth weight Z-score <–2 (ie, more than 2

standard deviations below the median of the referent group). Infants

in the less severely growth-restricted group had a birth weight Z-score

�–2 and <–1 (ie, between 1 and 2 standard deviations below the

median of the referent group).

The head circumference was measured as the largest possible

occipital-frontal circumference. Measurements were rounded to the

closest 0.1-centimeter when taken at birth, and when examined at

24-month corrected age. All head circumferences are presented as

Z-scores because newborns were assessed at different gestational ages

at birth (23-27 weeks) and at different approximations of 24 months

corrected age (range: 16-44 months corrected age, with 68% assessed

at 23-25 weeks corrected age). Z-scores were based on standards in the

CDC data sets.34

24-Month Developmental Assessment

Families were invited to bring their child for a developmental

assessment close to the time when s/he would be 24-months cor-

rected age for evaluation of a neurological examination. Fully 91%
of children returned for the developmental assessment. Of these

children, 75% had their exam within the range of 23.5-27.9 months,

14% were assessed before 23.5 months, and 12% were assessed after

27.9 months.

Cerebral Palsy Diagnosis

To standardize neurological examinations at all sites, a stand-alone,

multimedia-training video/CD-ROM was developed, based on

elements of a standard neurological exam.35 The video/CD-ROM

program had audiovisual teaching sequences, voice-over commen-

tary, graphics and text to organize the training and amplify key

teaching points. The training video provided instruction in the

proper method of performing each item of the examination and

illustrated all possible findings. In addition, the CD contained 6

sets of 20 video clips for interobserver testing purposes. Repeated

testing resulted in 96% agreement with the gold-standard pediatric

neurologist assessment.

Those who performed the neurological examinations studied a

manual, a data collection form and an instructional CD designed to

minimize examiner variability, and demonstrated acceptably low

variability.35 The topographic diagnosis of cerebral palsy (quadripar-

esis, diparesis, or hemiparesis) was based on an algorithm using these

data.23 Only 4% of examiners indicated at the time of the examination

that they had knowledge of the child’s brain-imaging studies.
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Statistical Analyses

The authors tested the null hypothesis that newborns of overweight (ie,

body mass index > 25, < 30) and obese women (ie, body mass index�
30) are not at risk of a specific topographic cerebral palsy diagnosis

(ie, quadriparesis, diparesis, or hemiparesis).

The authors began the analyses by searching for potential confoun-

ders (ie, characteristics that varied with body mass index and the

subtypes of cerebral palsy) (Tables 1-5). Based on the findings in these

tables the authors selected as potential confounders, mother-identified

race, male sex, mother’s level of education, time since last pregnancy,

any aerobe in the placenta, chorionic plate inflammation of the pla-

centa, and preeclampsia. If a perceptible difference among adjacent

categories was seen, then that variable became a candidate to see if it

modifies the body mass index–cerebral palsy relationship.

Then the authors created multivariable models to identify the con-

tribution of maternal overweight and obesity to the risk of cerebral

Table 1. The Percentage of Children Who Had the Characteristic at the Top of the Column Who Also Had the Characteristic Listed on
the Left.

Maternal BMI Cerebral palsy type
Row

Maternal characteristics <25 25, <30 �30 Quad Di Hemi None N

Racial identity White 66 52 57 70 56 41 62 620
Black 22 33 34 25 38 47 26 272
Other 11 15 9 5 6 12 12 116

Hispanic Yes 9 15 13 11 3 18 11 111
Maternal age <21 16 11 7 10 9 12 13 130

21-35 64 70 75 70 68 82 67 685
>35 20 19 18 21 24 6 20 199

Years of education �12 40 46 45 40 50 29 43 427
>12, <16 20 26 32 30 29 47 22 237
�16 40 29 22 30 21 24 35 343

Married Yes 61 60 55 63 50 53 60 602
Self-supported Yes 66 69 67 62 59 76 67 677
Public insurance Yes 36 41 43 44 56 18 38 388
Prepregnancy BMI <25 59 68 59 58 591

25, <30 21 18 12 21 208
�30 21 15 29 21 215

ART Yes 26 17 18 25 21 35 22 225
Maximum column N 591 208 215 63 34 17 900 1014

Values are column percentages. Abbreviations: BMI, body mass index; ART, assisted reproductive technology.

Table 2. The Percentage of Children Who Had the Characteristic at the Top of the Column Who Also Had the Pregnancy Characteristic Listed
on the Left.

Maternal BMI Cerebral palsy type
Row

Pregnancy characteristics <25 25, <30 �30 Quad Di Hemi None N

Smoking prepregnancy Yes 24 26 24 27 35 18 24 246
Smoking during pregnancy Yes 13 14 13 16 15 6 13 135
Passive smoking Yes 24 23 27 32 29 29 24 248
Years since last pregnancy <1 16 28 21 18 17 17 20 118

1-2 35 21 24 34 46 58 28 175
Vaginal bleeding 1st 12 weeks Yes 41 38 39 41 50 47 39 406
Vaginal bleeding 2nd 12 weeks Yes 30 27 30 19 38 47 29 296
Fever during pregnancy Yes 6 5 8 5 6 12 6 64
Vaginal and/or cervical infection Yes 12 18 15 24 21 18 13 143
Urinary tract infection Yes 14 14 18 16 15 6 15 152
Any medication Yes 87 85 94 95 82 100 88 894
Aspirin Yes 7 2 6 18 3 0 5 58
NSAID Yes 6 9 7 16 12 0 6 71
Acetaminophen Yes 51 49 55 48 47 59 52 522
Antibiotic Yes 30 27 34 44 32 18 30 310
Maximum column N 591 208 215 63 34 17 900 1014

Values are column percentages. Abbreviations: BMI, body mass index; NSAID, nonsteroidal anti-inflammatory drug.
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palsy in light of potential confounders (Table 6). The authors created

logistic these regression models using a step down procedure seeking a

parsimonious solution without interaction terms. The contributions of

relevant variables, including maternal overweight and obesity, are

presented as risk ratios with 95% confidence intervals. The authors

performed 2 additional analyses to look for possible effect

modification by maternal or fetal indications. First they restricted

the analyses to children who were born after maternal or fetal

Table 3. The Percentage of Children Who Had the Characteristic at the Top of the Column Whose Placenta Had the Bacteriologic or
Histologic Characteristic Listed on the Left.

Maternal BMI Cerebral palsy type
Row

<25 25, <30 �30 Quad Di Hemi None N

Organisms
Any anaerobe 28 27 28 41 39 19 27 257
Any aerobe 28 32 40 40 61 25 30 290
Any mycoplasma 10 11 8 9 23 6 10 92
Skin organismsa 19 21 16 24 32 6 18 174
Vaginal organismsb 16 14 16 21 19 0 15 143

Maximum column N 534 192 196 58 31 16 817 922
Inflammation of

Chorionic platec 18 17 24 29 38 27 18 176
External membranesd 35 35 38 47 65 33 34 332
Fetal stem vessels 25 25 25 33 38 20 24 230
Umbilical corde 15 17 20 18 30 27 15 147

Other lesions
Fetal stem vessel thrombosis 6 4 3 7 6 7 5 45
Infarct 16 20 17 23 13 13 17 156
Increased syncytial knots 18 21 26 20 16 7 21 190

Maximum column N 554 190 197 58 32 15 838 941

Values are column percentages. Abbreviation: BMI, body mass index.
aCorynebacterium sp, Propionebacterium sp, Staphylococcus sp.
bPrevotella bivia, Lactobacillus sp, Peptostrep magnus, Gardnerella vaginalis.
cStage 3 and severity 3.
dGrades 3 and 4.
eUmbilical cord vasculitis.

Table 4. The Percentage of Children Who Had the Characteristic at the Top of the Column Who Also Had the Delivery Characteristic Listed
on the Left.

Maternal BMI Cerebral palsy type
Row

Delivery characteristics <25 25 ,<30 �30 Quad Di Hemi None N

Antenatal corticosteroids Complete 64 62 65 68 65 59 64 649
Partial 25 24 27 17 21 41 25 251
None 11 14 8 14 15 0 11 112

Pregnancy complication PT 49 43 35 46 50 65 45 458
pPROM 21 18 27 19 26 18 22 219
PE 9 16 21 11 6 6 13 131
Abruption 11 13 8 5 9 11 11 110
Cerv insuff 5 7 6 13 6 0 5 53
Fetal indic 5 3 4 6 3 0 4 43

Magnesium None 31 37 31 43 44 18 32 326
Tocolysis 58 48 52 46 44 71 56 552
Sz prophyl 10 15 17 11 12 12 13 127

Cesarean Yes 68 63 69 60 44 53 68 678
Fevera Yes 7 8 5 7 16 12 6 66
Highest WBCb >20K 21 18 18 15 21 29 20 198
Maximum column N 591 208 215 63 34 17 900 1014

Values are column percentages. Abbreviations: BMI, body mass index; PT, preterm labor; pPROM, preterm premature rupture of membranes; PE, preeclampsia;
Cerv insuff, cervical insufficiency; Fetal indic, fetal indication; Sz prophyl, seizure prophylaxis; WBC, white blood cell.
aWithin the interval from 48 hours before delivery to 48 hours postdelivery.
bWithin the interval from admission to 48 hours postdelivery.
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indications and then to those born after C-section, a proxy for

maternal or fetal indications. No effect modification was found,

as both analyses did not show an increased risk for cerebral palsy

for infants born to mothers who were obese.

Results

Sample Description

A total of 105 children from 1014 children were given a cere-

bral palsy diagnosis, with 52% quadriparetic, 30% diparetic,

and 17% hemiparetic.

Demographic Characteristics (Table 1)

Overweight and obese women were more likely than others to

have characteristics that are viewed as correlates of lower

social class, including self-identifying as black, not graduat-

ing from college, being eligible for government-provided

medical care insurance, and not having access to, or using

assisted reproduction techniques. Children who had diparesis

were also more likely than others to have a mother with these

characteristics.

Maternal Characteristics (Table 2)

Overweight and obese mothers were less likely than mothers

with a normal weight to have had a pregnancy 1-2 years before.

Compared to the mothers of children who did not develop

cerebral palsy, the mothers of all children who had cerebral

palsy were more likely to have been exposed to the tobacco

smoke of others, had a prior pregnancy 1-2 years earlier, and a

Table 5. The Percentage of Children Who Had the Characteristic at the Top of the Column Who Also Had the Characteristic Listed on
the Left.

Maternal BMI Cerebral palsy type
Row

Infant characteristics at birth <25 25, <30 �30 Quadri Di Hemi None N

Sex Female 46 50 48 40 47 12 48 477
Male 54 50 52 60 53 88 52 537

Fetuses �2 38 29 33 40 32 41 35 355
Gestational age (weeks) 23-24 20 19 19 43 41 29 17 201

25-26 46 44 48 38 26 53 47 465
27 34 37 33 19 32 18 36 348

Birth weight (g) �750 36 32 40 52 50 59 34 366
751-1000 44 44 45 29 26 35 46 446
>1000 20 24 15 19 24 6 20 202

Birth weight Z-scorea <–2 5 4 8 2 0 18 6 54
�–2,< –1 13 13 16 14 12 6 13 136
�–1 83 83 75 84 88 76 81 824

Head circumference Z-scorea <–2 7 8 12 6 0 18 9 81
�–2,<–1 21 24 25 22 33 12 22 220
�–1 72 68 64 71 67 71 69 379

Maximum column N 591 208 215 63 34 17 900 1014

Values are column percentages. Abbreviation: BMI, body mass index.
aYudkin.28

Table 6. Risk Ratios (Point Estimates and 95% Confidence Intervals) for the Cerebral Palsy Form at the Top of the Column Associated With the
Risk Factors Listed on the Left.

Cerebral palsy type

Variable Quadriparesis Diparesis Hemiparesis

Black 0.9 (0.5, 1.6) 1.6 (0.8, 3.5) 2.2 (0.8, 6.2)
Male sex 1.5 (0.9, 2.5) 1.1 (0.5, 2.1) 7.5 (1.7. 33)
Maternal education �16 years 0.8 (0.4, 1.4) 0.5 (0.2, 1.3) 0.7 (0.2, 2.7)
Prior pregnancy �1, <2 years earlier 1.2 (0.6, 2.5) 2.2 (0.9, 5.2) 0.5 (0.1, 2.7)
Aerobe 1.5 (0.8, 2.6) 3.6 (1.7, 7.7) 0.7 (0.2, 2.2)
Chorionic plate inflammation 1.8 (0.96, 3.4) 2.1 (0.98, 4.7) 1.7 (0.5, 5.6)
Preeclampsia 1.1 (0.5, 2.5) 0.7 (0.2, 3.2) 0.5 (0.1, 4.3)
BMI >25, <30 1.1 (0.5, 2.1) 1.5 (0.6, 3.9) 2.0 (0.4, 9.8)
BMI �30 0.9 (0.4, 2.1) 0.7 (0.2, 2.5) 2.5 (0.5, 13)

The referent group consists of children without any form of cerebral palsy. The bolded odds ratios are statistically significant at P < .05.
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vaginal/cervical infection during this pregnancy, while the

mothers of children who developed diparetic or hemiparetic

cerebral palsy were also more likely to have had vaginal

bleeding during the first 2 trimesters. Mothers of quadripare-

tic children were more likely have consumed aspirin and non-

steroidal anti-inflammatory drugs during this pregnancy,

while mothers of diparetic children were more likely to have

smoked before this pregnancy and mothers of hemiparetic

children were less likely to have smoked during this preg-

nancy. Only a prior pregnancy 1-2 years earlier was therefore

a potential confounder.

Bacteriologic and Histologic Placenta Characteristics
(Table 3)

Obese mothers were more likely than others to have aerobic

bacteria recovered from their placenta and to have had chor-

ionic plate inflammation and increased numbers of syncytial

knots in their placentas.

Compared to the placentas of children who did not

develop cerebral palsy, the placentas of all children who

developed cerebral palsy were more likely to have chorionic

plate inflammation, while those of diparetic and quadripare-

tic children were more likely to harbor aerobic and anaerobic

organisms, as well as normal skin flora. The diparetic and

quadriparetic children were also more likely to have had

inflammation of the external membranes and fetal stem ves-

sels. The umbilical cords of diparetic and hemiparetic chil-

dren were more likely to have vasculitis than the umbilical

cords of others.

In light of these findings, recovery of an aerobe and chor-

ionic plate inflammation were the 2 placenta characteristics

that were potential confounders.

Delivery Characteristics (Table 4)

With increasing body mass index, mothers were more likely to

have preeclampsia, and the preeclampsia correlate of receipt of

magnesium for seizure prophylaxis, than mothers with lower

body mass indexes. Children with hemiparesis were more

likely than others to have a mother who presented in labor,

received magnesium tocolysis, a correlate of preterm labor, and

to have had leukocytosis very near the time of delivery. Chil-

dren with any type of cerebral palsy were less likely than others

to be born via cesarean section. No delivery characteristic

appeared to be a potential confounder.

Infant Characteristics at Birth (Table 5)

Compared to children who did not develop cerebral palsy,

those who did were more likely to be born before the 25th

week of gestation and to have a birth weight �750 grams.

Quadriparetic and hemiparetic children were most likely to

be male, while only hemiparetic children were most likely to

be growth restricted.

Multivariable Analyses (Table 6)

In the multinomial, multivariable model that simultaneously

evaluated the risks of quadriparetic, diparetic, and hemiparetic

cerebral palsy and included black race, male sex, maternal

education equal or less than 16 years, 1-2 years since last

pregnancy, chorionic plate inflammation, preeclampsia, and

overweight and obesity, only male sex was associated with

an increased risk of hemiparesis (OR ¼ 7.5; 95% CI: 1.7-33).

In addition, recovery of aerobic bacteria from the placenta was

associated with an increased risk of diparesis (OR ¼ 3.6; 95%
CI: 1.7, 7.7). Overweight and obese women were not at

increased risk of giving birth to a child who had cerebral palsy.

The risk ratios associated with maternal overweight varied

between 1.1 for quadriparesis (95% CI ¼ 0.5, 2.1) to 2.0 for

hemiparesis (95% CI ¼ 0.4, 9.8), while the risk ratios associ-

ated with obesity varied between 0.7 for diparesis (95% CI ¼
0.2, 2.5) to 2.5 for hemiparesis (95% CI ¼ 0.5, 13).

Discussion

The main finding is that compared to extremely preterm chil-

dren of women with a normal prepregnancy body mass index,

those born to overweight and obese women are not at increased

risk of any form of cerebral palsy.

Previous Studies of Maternal Obesity and Cerebral Palsy

One study that evaluated the relationship between maternal

obesity and cerebral palsy found that children of overweight

and obese mothers had a 3.5-fold increased risk of cerebral

palsy,15 while another study reported that maternal obesity was

associated with a 30% increased risk of having a child with

cerebral palsy.16 This risk was even higher among infants born

to a morbidly obese mother.16,19 Two studies found no associ-

ation between maternal weight and cerebral palsy.36,37

Potential Confounders and Risk of Cerebral Palsy

The authors included in their model of cerebral palsy risks

associated with maternal prepregnancy overweight and obesity

only those additional variables that appeared to be potential

confounders. Thus, the analyses were not intended to identify

all the variables associated with the risk of cerebral palsy. With

that caveat, the authors discuss male sex associated with

increased risk of hemiparetic cerebral palsy and recovery of

aerobic bacteria from the placenta associated with diparetic

cerebral palsy.

The finding that male sex was associated with increased risk

of hemiparetic cerebral palsy is in keeping with other findings

in this cohort, since boys appear to be at increased risk of

multiple difficulties/dysfunctions.38 The finding that the pres-

ence of aerobic bacteria recovered from the placenta was asso-

ciated with increased risk of diparetic cerebral palsy is in

keeping with the report that preterm infants (�29 weeks GA)

whose placenta harbored the aerobic bacterium E.coli were at

increased risk of having cerebral palsy at age 5 years.39
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Histological chorioamnionitis is also associated with cerebral

palsy in preterm neonates (<1500 gram).40 In addition, E.coli-

induced amnionitis leads to white matter damage in the fetal

rabbit brain.41

Immaturity/Vulnerability

The risk of cerebral palsy increases with decreasing gestational

age42-44 and obese women are more likely than others to deliver

very preterm.45 For these reasons (and others below), the

authors expected to find that infants of obese mothers are at

increased risk of cerebral palsy. The authors’ failure to find this

might reflect nothing more than the narrow range of the gesta-

tional ages they evaluated (23-27 weeks). Another possibility is

that the immaturity/vulnerability information carried by the

low gestational age variables is also conveyed by other vari-

ables in the model, such as histologic and bacteriologic indi-

cators of intrauterine infection/inflammation.

Systemic Inflammation

In this cohort, extremely preterm children whose mother was

obese were more likely than others to have systemic inflamma-

tion in the days following delivery.46 Because early systemic

inflammation has been associated with increased risk of cere-

bral palsy in this very cohort,47 as well as others,48,49 the

authors again would have expected to find that the children

of obese mothers were at increased risk. Here, too, correlates/

indicators of inflammation (eg, recovery of aerobe from the

placenta and inflammation of the placenta’s chorionic plate)

might have diminished the opportunity to identify a maternal

obesity-offspring cerebral palsy connection.

Strengths and Weaknesses

This study has several strengths. First, the authors collected

the data prospectively in a manner that minimized examiner

and cerebral palsy classification variability. Second, they

selected infants based on gestational age, not birth weight,

thereby minimizing the confounding that might be due to

factors related to fetal growth restriction.50 Third, the analytic

strategy incorporated potential confounders that might

account for why others have found that children of obese

mothers are at increased risk of cerebral palsy and the current

authors did not. Fourth, the authors standardized the assess-

ment of cerebral palsy and subtypes of cerebral palsy23 and

minimized interobserver variability.35

One limitation of the study is that the observational nature of

the study does not allow us to draw causal inferences for what

the authors have found. Indeed, with their attempts to reduce

confounding, the authors might have diminished their oppor-

tunity to attribute to maternal prepregnancy overweight and

obesity what could have been consequences of a high body

mass index, including socioeconomic correlates of overweight

and obesity (such as limited maternal education), and increased

risk of preeclampsia. An additional limitation is the reliance on

the mother’s report of her prepregnancy weight as women have

a tendency to underreport their weight.51
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Butler, Adré Duplessis, Cecil Hahn, Catherine Limperopoulos, Omar

Khwaja, Janet S. Soul); Baystate Medical Center, Springfield, Mas-

sachusetts (Bhavesh Shah, Herbert Gilmore, Susan McQuiston); Beth

Israel Deaconess Medical Center, Boston, Massachusetts (Camilia R.

Martin); Brigham and Women’s Hospital, Boston, Massachusetts

(Linda J. Van Marter); Massachusetts General Hospital, Boston, Mas-

sachusetts (Robert M. Insoft, Kalpathy Krishnamoorthy); Floating

Hospital for Children at Tufts Medical Center, Boston, Massachusetts

(Cynthia Cole, John M. Fiascone, Paige T. Church, Cecelia Keller,

Karen J. Miller); U Mass Memorial Health Care, Worcester, Massa-

chusetts (Francis Bednarek [deceased], Robin Adair, Richard Bream,

Alice Miller, Albert Scheiner, Christy Stine); Yale University School

of Medicine, New Haven, Connecticut (Richard Ehrenkranz, Nancy

Close, Elaine Romano, Joanne Williams);Wake Forest University

Baptist Medical Center and Forsyth Medical Center, Winston-

Salem, North Carolina (Deborah Allred, Robert Dillard, Don Gold-

stein, Deborah Hiatt, Gail Hounshell, Ellen Waldrep, Lisa Washburn,

Cherrie D. Welch); University Health Systems of Eastern Carolina,

Greenville, North Carolina (Stephen C. Engelke, Sharon Buckwald,

Rebecca Helms, Kathyrn Kerkering, Scott S. MacGilvray, Peter

Resnik); North Carolina Children’s Hospital, Chapel Hill, North Car-

olina (Carl Bose, Lisa Bostic, Diane Marshall, Kristi Milowic, Janice

Wereszczak); Helen DeVos Children’s Hospital, Grand Rapids,

Michigan (Mariel Poortenga, Wendy Burdo-Hartman, Lynn Fager-

man, Kim Lohr, Steve Pastyrnak, Dinah Sutton); Sparrow Hospital,

Lansing, Michigan (Victoria J. Caine, Nicholas Olomu, Joan Price);

Michigan State University, East Lansing, Michigan (Padmani Karna);

University of Chicago Medical Center, Chicago, Illinois (Michael D.

Schreiber, Leslie Caldarelli, Sunila E. O’Connor, Michael Msall,

Susan Plesha-Troyke); William Beaumont Hospital, Royal Oak,

Michigan (Daniel Batton, Karen Brooklier, Beth Kring, Melisa J. Oca,

Katherine M. Solomon).

Author Contributions

OD and AL contributed equally to this article.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for the

research, authorship, and/or publication of this article: This study was

supported by the National Institute of Neurological Disorders and

Stroke (5U01NS040069-05; 2R01NS040069-06A2), the National Eye

Institute (1-R01-EY021820-01A1), the NIH Office of the Director

(1G3OD023348-01), and the National Institute of Child Health and

Human Development (5P30HD018655-34).

Ethical Approval

The enrollment and consent processes were approved by the individ-

ual institutional review boards.

222 Journal of Child Neurology 33(3)



References

1. Ahlin K, Himmelmann K, Hagberg G, et al. Non-infectious risk

factors for different types of cerebral palsy in term-born babies:

a population-based, case-control study. BJOG. 2013;120:

724-731.

2. Christensen D, Van Naarden Braun K, Doernberg NS, et al. Pre-

valence of cerebral palsy, co-occurring autism spectrum disor-

ders, and motor functioning—Autism and Developmental

Disabilities Monitoring Network, USA, 2008. Dev Med Child

Neurol. 2014;56:59-65.

3. Joseph K, Allen AC, Lutfi S, Murphy-Kaulbeck L, Vincer MJ,

Wood E. Does the risk of cerebral palsy increase or decrease with

increasing gestational age? BMC Pregnancy Childbirth. 2003;3:8.

4. Clark SL, Hankins GD. Temporal and demographic trends in

cerebral palsy—fact and fiction. Am J Obstet Gynecol. 2003;

188:628-633.

5. Yeargin-Allsopp M, Braun KVN, Doernberg NS, Benedict RE,

Kirby RS, Durkin MS. Prevalence of cerebral palsy in 8-year-old

children in three areas of the United States in 2002: a multisite

collaboration. Pediatrics. 2008;121:547-554.

6. Reid SM, Carlin JB, Reddihough DS. Rates of cerebral palsy in

Victoria, Australia, 1970 to 2004:has there been a change? Dev

Med Child Neurol. 2011;53:907-912.

7. Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden CL.

Trends in obesity among adults in the United States, 2005 to 2014.

JAMA. 2016;315:2284-2291.

8. Catalano PM, Ehrenberg HM. The short- and long-term implica-

tions of maternal obesity on the mother and her offspring. BJOG.

2006;113:1126-1133.

9. Rowlands I, Graves N, de Jersey S, McIntyre HD, Callaway L.

Obesity in pregnancy: outcomes and economics. Semin Fetal

Neonatal Med. 2010;15:94-99.

10. Williams CB, Mackenzie KC, Gahagan S. The effect of maternal

obesity on the offspring. Clin Obstet Gynecol. 2014;57:508-515.

11. Van Lieshout RJ. Role of maternal adiposity prior to and during

pregnancy in cognitive and psychiatric problems in offspring.

Nutr Rev. 2013;71(suppl 1):S95-S101.

12. Basatemur E, Gardiner J, Williams C, Melhuish E, Barnes J,

Sutcliffe A. Maternal prepregnancy BMI and child cognition: a

longitudinal cohort study. Pediatrics. 2013;131:56-63.

13. Andersen CH, Thomsen PH, Nohr EA, Lemcke S. Maternal body

mass index before pregnancy as a risk factor for ADHD and

autism in children [published online ahead of print July 15,

2017]. Eur Child Adolesc Psychiatry. doi:10.1007/s00787-017-

1027-6.

14. Wang Y, Tang S, Xu S, Weng S, Liu Z. Maternal body mass index

and risk of autism spectrum disorders in offspring: a meta-anal-

ysis. Sci Rep. 2016;6:34248.

15. Walstab J, Bell R, Reddihough D, Brennecke S, Bessell C,

Beischer N. Antenatal and intrapartum antecedents of cerebral

palsy: a case-control study. Aust N Z J Obstet Gynaecol. 2002;

42:138-146.

16. Crisham Janik MD, Newman TB, Cheng YW, Xing G, Gilbert

WM, Wu YW. Maternal diagnosis of obesity and risk of cerebral

palsy in the child. J Pediatr. 2013;63:1307-1312.

17. Forthun I, Wilcox AJ, Strandberg-Larsen K, et al. Maternal pre-

pregnancy BMI and risk of cerebral palsy in offspring. Pediatrics.

2016. Available at: http://pediatrics.aappublications.org/content/

early/2016/09/07/peds.2016-0874.

18. Villamor E, Tedroff K, Peterson M, et al. Association between

maternal body mass index in early pregnancy and incidence of

cerebral palsy. JAMA. 2017;317:925-936.

19. Pan C, Deroche CB, Mann JR, McDermott S, Hardin JW. Is

prepregnancy obesity associated with risk of cerebral palsy and

epilepsy in children? J Child Neurol. 2014;29:196-201.

20. Staudt M, Pavlova M, Bohm S, Grodd W, Krageloh-Mann I.

Pyramidal tract damage correlates with motor dysfunction in

bilateral periventricular leukomalacia (PVL). Neuropediatrics.

2003;34:182-188.

21. Holodny AI, Watts R, Korneinko VN, et al. Diffusion tensor

tractography of the motor white matter tracts in man: current

controversies and future directions. Ann N Y Acad Sci. 2005;

1064:88-97.

22. Bassan H, Limperopoulos C, Visconti K, et al. Neurodevelop-

mental outcome in survivors of periventricular hemorrhagic

infarction. Pediatrics. 2007;120:785-792.

23. Kuban KCK, Allred EN, O’Shea TM, et al. An algorithm for

diagnosing and classifying cerebral palsy in young children

J Pediat. 2008;153 466-472.

24. O’Shea TM, Allred EN, Dammann O, et al. The ELGAN study of

the brain and related disorders in extremely low gestational age

newborns. Early Hum Dev. 2009;85:719-725.

25. Hecht JL, Onderdonk AB, Delaney M, et al. Characterization of

chorioamnionitis in 2nd-trimester C-section placentas and corre-

lation with microorganism recovery from subamniotic tissues.

Pediatr Dev Pathol. 2008;11:15-22.

26. Onderdonk AB, Delaney ML, DuBois AM, Allred EN, Leviton A.

Detection of bacteria in placental tissues obtained from extremely

low gestational age neonates. Am J Obstet Gynecol. 2008;198:

110e1-7.

27. Onderdonk AB, Hecht JL, McElrath TF, et al. Colonization of

second-trimester placenta parenchyma. Am J Obstet Gynecol.

2008;199:52.e1-.e10.

28. National Institutes of Health. Classification of Overweight and

Obesity by BMI, Waist Circumference, and Associated Disease

Risks. Bethesda, MD: National Institutes of Health 2017.

29. McElrath TF, Hecht JL, Dammann O, et al. Pregnancy disorders

that lead to delivery before the 28th week of gestation: an epide-

miologic approach to classification. Am J Epidemiol. 2008;168:

980-989.

30. Hecht JL, Fichorova RN, Tang VF, Allred EN, McElrath TF,

Leviton A. Relationship between neonatal blood protein concen-

trations and placenta histologic characteristics in extremely low

GA newborns. Pediatr Res. 2011;69:68-73.

31. McElrath TF, Fichorova RN, Allred EN, et al. Blood protein

profiles of infants born before 28 weeks differ by pregnancy

complication. Am J Obstet Gynecol. 2011;204:418e1-e12.

32. Yudkin PL, Aboualfa M, Eyre JA, Redman CW, Wilkinson AR.

New birthweight and head circumference centiles for gestational

ages 24 to 42 weeks. Early Hum Dev. 1987;15:45-52.

van der Burg et al 223

http://pediatrics.aappublications.org/content/early/2016/09/07/peds.2016-0874
http://pediatrics.aappublications.org/content/early/2016/09/07/peds.2016-0874


33. Leviton A, Paneth N, Reuss ML, et al. Maternal infection, fetal

inflammatory response, and brain damage in very low birth

weight infants. Developmental Epidemiology Network Investiga-

tors. Pediatr Res. 1999;46:566-575.

34. CDC. CDCgrowth charts: United States. 2007. Available at:

http://www.cdc.gov/nchs/data/nhanes/growthcharts/zscore/zhca

geinf.xls.

35. Kuban KCK, O’Shea M, Allred E, et al. Video and CD-ROM as a

training tool for performing neurologic examinations of 1-year-

old children in a multicenter epidemiologic study. J Child Neurol.

2005;20:829-831.

36. O’Callaghan ME, MacLennan AH, Gibson CS, et al. Epidemio-

logic associations with cerebral palsy. Obstet Gynecol. 2011;118:

576-582.

37. Blair E, Stanley F. When can cerebral palsy be prevented? The

generation of causal hypotheses by multivariate analysis of a

case-control study. Paediatr Perinat Epidemiol. 1993;7:272-301.

38. Kuban KCK, Joseph RM, O’Shea TM, et al. Girls and boys born

before 28 weeks gestation: risks of cognitive, behavioral, and

neurologic outcomes at age 10 years. J Pediatr-Us. 2016;173:

69-75.e1.

39. Vigneswaran R, Aitchison SJ, McDonald HM, Khong TY, Hiller

JE. Cerebral palsy and placental infection: a case-cohort study.

BMC Pregnancy Childbirth. 2004;4:1.

40. Horvath B, Grasselly M, Bodecs T, Boncz I, Bodis J. Histological

chorioamnionitis is associated with cerebral palsy in preterm neo-

nates. Eur J Obstet Gynecol Reprod Biol. 2012;163:160-164.

41. Yoon BH, Kim CJ, Romero R, et al. Experimentally induced

intrauterine infection causes fetal brain white matter lesions in

rabbits. Am J Obstet Gynecol. 1997;177:797-802.

42. Glinianaia SV, Rankin J, Colver A, North of England Collabora-

tive Cerebral Palsy S. Cerebral palsy rates by birth weight,

gestation and severity in North of England, 1991-2000 singleton

births. Arch Dis Child. 2011;96:180-185.

43. Drummond PM, Colver AF. Analysis by gestational age of cere-

bral palsy in singleton births in north-east England 1970-94. Pae-

diatr Perinat Epidemiol. 2002;16:172-180.

44. Himpens E, Van den Broeck C, Oostra A, Calders P, Vanhaeseb-

rouck P. Prevalence, type, distribution, and severity of cerebral

palsy in relation to gestational age: a meta-analytic review. Dev

Med Child Neurol. 2008;50:334-340.

45. Kim SS, Zhu Y, Grantz KL, et al. Obstetric and neonatal risks

among obese women without chronic disease. Obstet Gynecol.

2016;128:104-112.

46. Van der Burg JW, Allred EN, McElrath TF, et al. Is maternal

obesity associated with sustained inflammation in extremely

low gestational age newborns? Early Hum Dev. 2013;89:

949-955.

47. Kuban KC, O’Shea TM, Allred EN, et al. Systemic inflammation

and cerebral palsy risk in extremely preterm infants. J Child Neu-

rol. 2014;29:1692-1698.

48. Nelson KB, Dambrosia JM, Grether JK, Phillips TM. Neonatal

cytokines and coagulation factors in children with cerebral palsy.

Ann Neurol. 1998;44:665-675.

49. Kaukola T, Satyaraj E, Patel DD, et al. Cerebral palsy is charac-

terized by protein mediators in cord serum. Ann Neurol. 2004;55:

186-194.

50. Arnold CC, Kramer MS, Hobbs CA, McLean FH, Usher RH.

Very low birth weight: a problematic cohort for epidemiologic

studies of very small or immature neonates. Am J Epidemiol.

1991;134:604-613.

51. Headen I, Cohen AK, Mujahid M, Abrams B. The accuracy of

self-reported pregnancy-related weight: a systematic review.

Obes Rev. 2017;18:350-369.

224 Journal of Child Neurology 33(3)

http://Available at
http://www.cdc.gov/nchs/data/nhanes/growthcharts/zscore/zhcageinf.xls.
http://www.cdc.gov/nchs/data/nhanes/growthcharts/zscore/zhcageinf.xls.


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


