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Table S1. Effects of delayed motherhood on offspring 

- Women aged ≥ 35 years are more likely to experience a term stillbirth in singleton 

pregnancies than women < 35 years (crude OR:1.3, 95% CI: 1.1-1.5), mainly due to a 

higher risk of major congenital anomalies (crude OR:1.5, 95% CI: 1.05-2.1) (Walker 

et al., 2015). 

- Infants with no recognized or strongly suspected chromosomal abnormalities, or 

single gene disorders born to mothers ≥ 40 years display higher risk of both isolated 

and multiple congenital defects, including cardiac defects (see below), esophageal 

atresia (adjusted OR: 2.9, 95% CI: 1.7-4.9), hypospadias (adjusted OR: 2.0, 95% CI: 

1.4-3.0), and craniosynostosis (adjusted OR:1.6, 95% CI: 1.1-2.4) compared with 

offspring born to mothers 25-29 years (Gill et al., 2012). Note that a previous study 

based on data from 15 European countries found no convincing evidence of the 

presence of an effect of advanced maternal age on non-chromosomal congenital 

anomalies in live births, fetal deaths with gestational age ≥ 20 weeks, and 

terminations of pregnancy following prenatal diagnosis of a congenital anomaly 

(Loane et al., 2009). 

- Advanced maternal age is associated with offspring’s congenital heart defects 

including atrial septal defect, coarctation of the aorta, Ebstein’s anomaly, 

transposition of the great arteries, tetralogy of Fallot, and ventricular septal defect, in 

the absence of recognized or strongly suspected chromosomal abnormalities or single 

gene conditions (crude OR or RR ranges from 1.2, 95% CI: 1.1-1.3 to 4.0, 95% CI: 

1.7-9.2 when analyzing different databases) (for review, see Patel and Burns, 2013). 

- Children born to mothers aged ≥ 35 years have increased risk of congenital ureter, 

bladder, and urethra anomalies in the absence of chromosomal abnormalities relative 



to mothers 20-34 years (adjusted OR: 1.20, 95% CI: 1.06-1.35) (Shnorhavorian et al., 

2011). 

- Compared with children born to mothers aged 25-30 years, children born to mothers 

aged ≥ 35 years have a higher risk of childhood-onset type 1 diabetes mellitus (crude 

OR: 1.18, 95% CI: 1.06-1.32) (for systematic review and meta-analysis, see Cardwell 

et al., 2010). 

- Adult fasting plasma glucose concentrations (i.e., 6.1 mmol/L or greater but less than 

7 mmol/L) is higher by 0.06 mmol/L (95% CI: -0.01 to 0.12) in offspring of mothers 

≥ 35 years compared with the reference group of mothers age 20-24 years, but not 

adult impaired glucose tolerance, diabetes (fasting plasma glucose concentration of 

7·0 mmol/L or greater), high blood pressure, and overweight or obesity (Fall et al., 

2015). 

- Although there are some contradictory results, advanced maternal age is likely 

associated with increased risk (adjusted OR per 5-year increment in maternal age) of 

the most frequent childhood cancer including leukemia (1.06, 95% CI: 1.01-1.10), 

brain tumor (1.08, 95% CI: 1.03-1.14), neuroblastoma (1.10, 95% CI: 1.02-1.19), and 

Wilm's tumor (1.25, 95% CI: 1.14-1.36) (Johnson et al., 2009). 

- Women born to mothers aged ≥ 36 years have increased risk for breast cancer (HR: 

1.12; 95% CI: 1.01-1.25) compared with women born to mothers aged ≤ 20 years (for 

review, see Nassar and Usta, 2009). 

- Men born to mothers aged > 30 years exhibit higher risk of seminoma (adjusted OR: 

2.00, 95% CI: 1.20-3.60) relative to men born to mothers aged 24-29 years. This 

effect is particularly high for the first child of the mother (adjusted OR: 4.1, 95% CI: 

1.10-14.60) (Møller and Skakkebaek, 1997). Taking into account the two main types 

of testicular cancer (seminomas and non-seminomas), the adjusted OR per 1-year 



increment in maternal age is 1.03, 95% CI: 1.01-1.05 (for review, see Nassar and 

Usta, 2009). 

- Maternal age is associated with offspring’s male infertility. Taking into account all 

causes of male infertility together, the adjusted OR per 1-year increment in maternal 

age is 1.24, 95% CI: 1.10-1.39 (Tarín et al., 2001) (note that the estimated adjusted 

OR per 10-year increment in maternal age would be 1.2410 = 8.59). 

- Compared with women born to mothers aged 26-35 years, women born to mothers 

aged ≥ 40 years display increased risk of suffering from menstrual disorders (adjusted 

OR: 3.24, 95% CI: 1.27-8.30) (for review, see Nassar and Usta, 2009). 

- Despite mixed data, literature suggests a protective effect of increased maternal age 

on offspring’s cognitive and behavioral outcomes (for review, see Tearne, 2015). In 

addition, the majority of studies indicates that maternal age is not directly implicated 

in the etiology of affective and psychotic disorders (for review, see Tearne, 2015). 

Notwithstanding, other studies suggest that advanced maternal age may increase the 

offspring risk for severe psychiatric outcomes including autism spectrum disorders 

(adjusted RR: 1.52, 95% CI: 1.12-1.92 in offspring born to mothers aged ≥ 35 years 

versus offspring born to mothers aged 25-29 years) (Sandin et al., 2012), 

schizophrenia, schizotypal, and delusional disorders (compared with offspring born to 

mothers aged < 25 years, offspring born to mothers aged 25-29, 30-34, 35-39 years 

have a crude OR of 1.98, 95% CI: 1.30-3.03, 1.79, 95% CI: 1.08-2.95, and 2.17, 95% 

CI: 1.21-3.91, respectively) (Lopez-Castroman et al., 2010), and bipolar disorder 

(compared with offspring born to mothers aged 20-24 years, offspring born to 

mothers aged 30-34 and 35-39 years have an adjusted OR of 1.08, 95% CI: 1.01-1.16 

and 1.16, 95% CI: 1.06-1.26, respectively) (Frans et al., 2008). 

 



 



Table S2. Potential risks and epigenetic changes in offspring associated with obstetric the complications present at time of delivery in 

hospital discharges among women aged ≥ 35 years 

 
Obstetric complications 

(ICD-9-CM codes)A 

Potential risks to offspringB Epigenetic changes in offspring 

Fetal growth restriction 

(656.5x)C 

- At birth, small-for-gestational-age infants [i.e., newborns with an 

actual birth weight below 10th percentile for gestational age- and 

sex-specific references, a proxy for fetal growth restraint (Chauhan 

et al., 2009)] have low circulating insulin and insulin-like growth 

factor-1 (IGF1) concentrations. Thereafter, by 48 h after birth they 

are more insulin-sensitive and have higher plasma free non-

esterified fatty acid levels than average-for gestational-age infants. 

Consequently, they undergo a period of accelerated post-natal 

growth which is associated with negative long-term effects later in 

life including increased risk of developing glucose intolerance, 

insulin resistance, type 2 diabetes, obesity, poorer sleep (defined by 

a lower sleep efficiency and more awakenings during the sleep 

period), cardiovascular disease, systolic hypertension, and impaired 

- In-vitro NOS3 expression of endothelial cells isolated from 

umbilical arteries and veins of intrauterine growth restricted 

fetuses is altered by differential DNA methylation (note that 

NOS3 is a crucial gene in the nitric oxide system) (Krause et al., 

2013). 

- DNA from umbilical cord blood samples of infants exhibiting 

prenatal growth restriction, as indicated by rapid post-natal catch-

up growth, display CpG loci differentially methylated compared 

with DNA from control infants who have normal post-natal 

growth. These CpG loci represent many genes relevant to 

metabolic disease or growth and development (Quilter et al., 

2014). These data are supported by another recent study 

analyzing DNA from umbilical cord blood samples of fetal 



renal and lung function (for reviews, see Morrison et al., 2010, 

Salam et al., 2014, and Yiallourou et al., 2015). 

- Decreasing birthweight raises the risk of hepatic tumors (OR per 

0.5 kg increase in birthweight: 0.77, 95% CI: 0.69-0.85) (O'Neill et 

al., 2015). 

- Birthweights < 2500 g are associated with 3.5 times higher 

prevalence of congenital birth defects compared with normal 

birthweight infants (Kim et al., 2012), seminoma (adjusted OR for 

term infants: 2.69, 95% CI: 1.40-5.17) (English et al., 2003) and 

non-seminoma (adjusted OR: 7.62; 95% CI: 1.59-36.60) (Akre et 

al., 1996) testicular cancer, and schizophrenia (fixed-effects pooled 

OR: 1.67, 95% CI: 1.22-2.29) (for review and meta-analysis, see 

Cannon et al., 2002). 

- Children born small for gestational age, likely irrespective of 

whether they are born preterm or at term (Bassan et al., 2011), 

have lower intelligence quotient scores than their peers, poorer 

language skills, impaired spatial learning and memory, higher risks 

for behavioral and attentional problems, and consequently poorer 

growth restricted infants born at term versus DNA from 

appropriated grown for gestational age neonates (Hillman et al., 

2015). 

- DNA methylation of three CpG sites within the AHRR gene 

promoter from umbilical cord blood samples is negatively 

associated with birth weight for gestational age (note that AHRR 

is involved in mediating xenobiotic metabolism and cell growth 

and differentiation) (Burris et al., 2015). 



academic outcomes. Catch-up growth, however, is associated with 

better visuomotor and problem solving skills, intelligence quotient 

and academic performance in children and adults compared with 

growth-restricted children with failure of catch-up growth (Hunter 

et al., 2015 and references cited therein). 

Preterm labor (644.x) - Preterm infants when reach the age of term exhibit lower bone 

mineral density, bone mass, bone mineral content, body weight, 

and ponderal index compared with infants born at term. However, 

there are conflicting data on later bone strength during childhood. 

While some studies do not find an association between premature 

birth and later bone strength during childhood, others report lower 

bone mineral density and bone mineral content in preterm children 

(Quintal et al., 2014; for review, see Wood et al., 2013 and 

Embleton and Wood, 2014). 

- Babies born very early (< 35 weeks) are at increased risk of 

neuroblastoma (crude OR: 1.64, 95% CI: 1.01-2.68) (for review, 

see Heck et al., 2009). 

- DNA from leukocytes from dried blood spots of preterm 

individuals born at less than 31 weeks of gestational age exhibit 

numerous autosomal locations with significant differences in 

methylation at birth compared with individuals born at term. 

Despite most of these differences disappear at 18 years of age, 10 

genome loci still show persistent methylation differences 

between 18-year-old preterm and tern individuals (Cruickshank 

et al., 2013). 

- Methylation of CpG sites from leukocytes of umbilical cord 

blood samples of fetuses born preterm at 24-34 weeks of 

gestational age associates with methylation of CpG sites from 

leukocytes of their respective mothers. The methylated CpG sites 

are more likely to be located in genes whose expression levels are 



- Shorter gestational duration is weakly but significantly associated 

with risk for type 1 diabetes (for review, see Stene and Gale, 2013). 

- Preterm delivery is related to reduced insulin sensitivity during 

childhood. Data on adults, however, are conflicting with some 

studies showing no effect of gestation on insulin sensitivity, 

whereas others report persisting effects of preterm birth (for 

systematic review, see Tinnion et al., 2014). 

- Purchase of prescription asthma medication in infancy increases by 

degree of immaturity (OR: 3.86, 95% CI: 2.46-6.04 in gestational-

age 23-27 weeks; OR: 2.37, 95% CI: 1.84-3.04 in gestational-age 

28-31 weeks; and OR: 1.59, 95% CI: 1.43-1.77-6.04 in gestational-

age 32-36 weeks compared to term infants with gestational-age 37-

42 weeks). This association weakens during childhood and 

adolescence and is non-significant in young adulthood (Damgaard 

et al., 2015). In contrast, survivors of prematurity-associated 

bronchopulmonary dysplasia have impaired respiratory function 

during infancy, childhood, and adulthood compared with full 

control subjects. Differences, however, are less apparent when 

also correlated in maternal-fetal pairs and involved in metabolic, 

cardiovascular, and immune pathways (Parets et al., 2015). 

- Preterm birth at less than 36 weeks gestational age is linked with 

hypermethylation of the OXTR gene and increased protein 

production in chorio-amniotic membranes compared with term-

labor and term-not-in-labor births (note that methylation of OXTR 

gene is associated with autism spectrum disorders) (Behnia et al., 

2015). 

- DNA methylation of three CpG sites within the AHRR gene 

promoter in samples from umbilical cord blood is negatively 

associated with the length of gestation (Burris et al. 2015). 



comparing preterm children with or without bronchopulmonary 

dysplasia suggesting that bronchopulmonary dysplasia is not the 

only factor accounting for the long-term pulmonary morbidity 

observed in premature infants (for review, see Islam et al., 2015). 

- Although mortalities rates have fallen steadily for all gestational 

ages, infant mortality and expectation of survival times decreases 

with decreasing gestational age (in children born between 1967 and 

1983, survival at the age of 5 years drops from 99% for children 

born at term to 20% for children born at 23-27 weeks of gestation) 

(Moster et al., 2008; D'Onofrio et al., 2013). Men generally have 

higher absolute mortality rates than women, and women are at 

increased risk of having preterm offspring (Swamy et al., 2008). 

Concomitantly, a lower gestational age at birth is associated with 

increased risk of cerebral palsy (adjusted RR for birth at 23-27 

weeks of gestation: 78.9, 95% CI: 56.5-110.0; P value for trend < 

0.001), mental retardation (adjusted RR for birth at 23-27 weeks of 

gestation: 10.3, 95% CI: 6.2-17.2; P value for trend < 0.001), 

psychotic or bipolar disorders (HR for birth at 23-27 weeks of 



gestation: 3.2, 95% CI: 2.3-4.4) (D'Onofrio et al., 2013), autism 

spectrum disorders (adjusted RR for birth at 23-27 weeks of 

gestation: 9.7, 95% CI: 1.5-36.2; P value for trend < 0.002), and 

disorders of psychological development, behavior, and emotion 

(adjusted RR for birth at 23-27 weeks of gestation: 10.5, 95% CI: 

5.6-19.9; P value for trend < 0.001), as well as of other major 

disabilities including blindness or low vision, hearing loss, and 

epilepsy (adjusted RR for birth at 23-27 weeks of gestation: 19.6, 

95% CI: 11.9-32.2; P value for trend < 0.001), or any other medical 

disability severely affecting working capacity (adjusted RR for 

birth at 23-27 weeks of gestation: 7.5, 95% CI: 5.5-10.0; P value 

for trend < 0.001). Likewise, among preterm people without 

medical disabilities, a lower gestational age at birth is associated 

with (1) reduced likelihood of completing high school (P value for 

trend = 0.003), receiving a bachelor’s degree (P value for trend = 

0.009), receiving a post-graduate degree (P value for trend = 

0.006), having a high job-related income (P value for trend < 

0.001), finding a life partner (P value for trend < 0.001), and 



having biological children (P value for trend < 0.001); and (2) 

increased likelihood of having a low job-related income (P value 

for trend < 0.001) and receiving social security benefits (P value 

for trend < 0.001) (Moster et al., 2008). The risks of psychotic or 

bipolar disorders, academic problems, and receiving social security 

benefits, however, are attenuated when controlling for both 

statistical covariates and shared familial confounds (D'Onofrio et 

al., 2013). 

- Accelerated neonatal gain in weight compared with gain in length 

immediately after preterm birth and during the first three months 

after term age is associated with future risk factors for 

cardiovascular disease and type 2 diabetes at 21 years of age 

(Kerkhof et al., 2012). 

- Preterm labor is associated with higher systolic and diastolic blood 

pressure in adult life, with women appearing to be at greater risk 

than men; increased plasma low-density lipoprotein (for systematic 

review and meta-analysis, see Parkinson et al., 2013), and 

structural and functional cardiac, macrovascular, and microvascular 



complications in young adults (for review, see Lewandowski and 

Leeson, 2014). However, the vascular phenotype of young adults 

depends on whether or not mothers suffered from hypertensive 

pregnancies. In particular, compared with preterm offspring of 

normotensive pregnancies which have greater arterial stiffness, 

preterm offspring exposed to hypertensive pregnancies display 

impaired endothelial function and greater subclinical 

atherosclerosis (increased carotid intima-media thickness) (Lazdam 

et al., 2010). 

Cervical incompetence 

(654.5x) 

- Cervical incompetence is a contributing factor to preterm birth 

even taking into account the significant prolongation of pregnancy 

and greater gestational age at delivery after cerclage (for systematic 

review and meta-analysis, see Ehsanipoor et al., 2015) (see above 

for epigenetic changes and potential long-term risks to offspring of 

preterm labor). 

 

Premature rupture of 

membranes (658.1x) 

- When premature rupture of membranes occurs at term, most 

women will go into labor spontaneously or induced within 12 to 24 

 



h (for review, see Caughey et al., 2008). In contrast, women with 

preterm premature rupture of membranes display a larger interval 

between rupture of membranes and the onset of labor (latency 

period). Notwithstanding, spontaneous or induced labor may also 

take place < 24 h after premature rupture of membranes when there 

are absolute contraindications to expectant management including 

intra-amniotic infection (chorio-amnionitis), non-reassuring fetal 

testing, and active labor (for review, see Caughey et al., 2008) (see 

above for epigenetic changes and potential long-term risks to 

offspring of preterm labor). 

Placental abruption 

(641.2x) 

- Placental abruption is associated with increased risks of fetal 

growth restriction, anemia, hyperbilirubinemia, low birthweight 

(46% of neonates), preterm labor (40-60% of neonates), 

intrapartum asphyxia (3.7-fold higher risk compared with control 

newborns), cystic periventricular leukomalacia, intraventricular 

hemorrhage, cerebral palsy, major congenital anomalies (adjusted 

OR: 1.92, 95% CI 1.6-2.52) (Riihimäki et al., 2013), perinatal 

mortality (even term babies with normal birthweight have 25-fold 

 



higher mortality with abruption compared with term babies without 

abruption), stillbirth (more than 50% of all perinatal deaths among 

abruption cases are stillborns), and sudden infant death syndrome 

(for review, see Tikkanen, 2011). All these perinatal outcomes may 

lead to long-term consequences among survivors (see above for 

epigenetic changes and potential long-term risks to offspring of 

fetal growth restriction and preterm labor). 

- Male adolescents whose mothers suffered from placental abruption 

or pre-eclampsia at the time of delivery by cesarean section exhibit 

increased risk of severe atopy compared with children of control 

women that did not experience placental abruption or pre-

eclampsia (adjusted RR for skin prick tests positive for ≥ 3 

allergens: 4.03, 95% CI: 1.40-11.58; adjusted RR for inhalant 

allergen-specific immunoglobulin E: 15.28, 95% CI: 1.28-182.01) 

(Keski-Nisula et al., 2009). 

Placenta previa (641.0-

641.1x) 

- Placental previa is linked with increased risk of major congenital 

anomalies (1.6-fold higher risk compared with unaffected women) 

(Kancherla et al., 2015), preterm delivery (random-effects pooled 

 



RR: 5.30, 95% CI: 4.39-6.45), neonatal intensive care unit 

admission (random-effects pooled RR: 4.09, 95% CI: 2.80-5.97), 

neonatal death (random-effects pooled RR: 5.44, 95% CI: 3.03-

9.78), perinatal death (random-effects pooled RR: 3.01, 95% CI: 

1.41-6.43) (for systematic review and meta-analysis, see Vahanian 

et al., 2015), and delivery of a small-for-gestational-age newborn 

in multiparous (adjusted OR: 2.08, 95% CI: 1.50-2.89) but not 

nulliparous women (Räisänen et al., 2014) (see above for 

epigenetic changes and potential long-term risks to offspring of 

fetal growth restriction and preterm labor). 

Cesarean delivery (74.x, 

except 74.91 and DRG 

codes 765 and 766) 

- Cesarean delivery (likely prelabor elective cesarean delivery rather 

than emergency cesarean delivery after the onset of labor) (Romero 

and Korzeniewski, 2013) versus vaginal birth is associated with 

increased risk of developing asthma in children and adults ( ≈ 20% 

higher risk), higher body mass index in adulthood (pooled-gender 

unadjusted mean difference: 0.44 kg·m2, 95% CI: 0.17-0.72), 

overweight in adulthood (pooled-gender unadjusted OR: 1.26, 95% 

CI: 1.16-1.38), obesity in adulthood (pooled-gender unadjusted 

- Neonatal CD34+ hematopoietic stem cells from infants delivered 

by elective cesarean section are globally more DNA methylated 

than DNA from infants delivered vaginally. In addition, 

differential DNA methylation involves genes/gene regions related 

to later immune-mediated diseases (Almgren et al., 2014). 

Likewise, infants born by elective cesarean section have higher 

global DNA methylation in cord-blood leukocytes at birth 

compared with those born by vaginal delivery although 



OR: 1.22, 95% CI: 1.05-1.42), allergic rhinitis and atopy in 

children, childhood-onset type 1 diabetes mellitus (random-effect 

OR: 1.23, 95% CI: 1.15-1.32), increased hospitalization for 

gastroenteritis in infancy, aseptic necrosis of the femoral head in 

childhood (36% higher risk), systemic connective tissue disorders 

in children [adjusted IRR: 1.11, 95% CI: 1.04-1.19], juvenile 

arthritis in children (adjusted IRR: 1.10, 95% CI: 1.02-1.18), and 

immune deficiencies in children (adjusted IRR: 1.46, 95% CI: 

1.32-1.62) (Sevelsted et al., 2015; for reviews, see Hyde and Modi, 

2012 and Cho and Norman, 2013; for systematic reviews and meta-

analyses, see Li et al., 2013 and Darmasseelane et al., 2014). 

Reports on the effects of cesarean delivery on food allergy, celiac 

disease, inflammatory bowel disease, lower blood pressure, 

dentition, neurodevelopmental delay, and cancer (leukemia, 

neuroblastoma and testicular cancer) in children and young adults 

are not consistent (Sevelsted et al., 2015; for reviews, see Hyde and 

Modi, 2012 and Cho and Norman, 2013). 

methylation levels of leukocytes from peripheral blood decreases 

on post-natal days 3-5 (Schlinzig et al., 2009). In contrast, other 

study (Virani et al., 2012) has found no differences in global 

DNA and repetitive element methylation of cord-blood 

leukocytes between infants delivered via elective or emergency 

cesarean section and those delivered vaginally. 



- Emergency cesarean section is linked with offspring’s 

schizophrenia later in life (fixed-effects pooled OR: 3.24, 95% CI: 

1.40-7.50) (for review and meta-analysis, see Cannon et al., 2002). 

Pre-eclampsia, 

eclampsia, gestational 

hypertension 

(642.3x-642.7x) 

- Pre-eclampsia, eclampsia, and gestational hypertension are 

associated with adverse changes in cardiovascular risk in children, 

adolescents, and adult offspring including raised body mass index, 

overweight, obesity, insulin resistance, and higher systolic and 

diastolic blood pressure (Lim et al., 2015; for reviews, see Davis et 

al., 2012 and Lin et al., 2015; for systematic review and meta-

analysis, see Thoulass et al., 2016). 

- Chronic hypertension, pre-eclampsia, and gestational hypertension 

may be associated with lower cognitive ability of offspring (for 

systematic review, see Tuovinen et al., 2014). In addition, female 

offspring born to pregnancies complicated by hypertension even 

without proteinuria are at 1.19-fold higher risk of mental disorders 

(95% CI: 1.01-1.14) and increased risk of mood and anxiety 

disorders (95% CI: 1.11-1.88) (for review, see Lin et al., 2015). 

- Peripheral blood mononuclear cells from young-adult men with 

higher systolic pulmonary artery pressure, born to women 

suffering from hypertensive complications of pregnancy, display 

differentially methylated regions in three genes (SMOC2, 

ARID1B, and CTRHC1) relevant to vascular function compared 

with young-adult men born to women having a normotensive 

pregnancy. The transcriptional activity of two of these genes 

(ARID1B, and CTRHC1) is inversely related to methylation status 

(Julian et al., 2015). 



- Pre-eclampsia is linked with stillbirth, neonatal mortality, preterm 

birth (established pre-eclampsia is responsible for 15% of all 

preterm births), placental abruption, oligohydramnios, non-

reassuring fetal surveillance, intrauterine growth restriction (RR: 

4.2, 95% CI: 2.2-8.0), neurodevelopmental delay, cerebral palsy, 

metabolic disorders (IRR: 1.2, 95% CI: 1.5-1.7), and respiratory 

disorders (IRR: 1.2, 95% CI: 1.1-1.2) in children born at term (for 

review, see Lin et al., 2015). 

- Infants born to mothers with hypertension during pregnancy have 

an approximate twofold increased risk of congenital heart defects. 

However, it remains to be ascertained whether the responsible for 

the increased risk is the underlying maternal hypertension or the 

medications used to treat hypertension (for review, see Patel and 

Burns, 2013). 

- Reports on the potential association between fetal exposure to 

maternal pre-eclampsia and offspring’s bone mineral density are 

contradictory. In particular, whereas one study (Hannam et al., 

2015) shows a modest but significant negative association of 



maternal pre-eclampsia and hip and total body bone mineral 

density in adolescent offspring, another paper (Miettola et al., 

2013) reports a protective effect of maternal pre-eclampsia on 

lumbar spine, femoral neck, and whole body bone mineral density 

in young-adult offspring born preterm at very low birth weight (< 

1500 g), and likely also among those born at term not being small 

for gestational age. A third study (To and Wong, 2011) failed to 

find any significant association between gestational hypertensive 

disorders and offspring’s bone mineral density measured at the os 

calcis before 20 weeks and after 36 weeks of pregnancy. 

- Female intrauterine exposure to maternal pre-eclampsia and 

eclampsia is associated with decreased risk of breast cancer (RR: 

0·48, 95% CI: 0·30–0·78) (Qiu et al., 2015; for systematic review 

and meta-analysis, see Xue and Michels, 2007). 

Gestational diabetes 

(648.8x) 

 

- Gestational diabetes is associated with spontaneous preterm birth, 

macrosomia, hypertrophic cardiomyopathy (for review, see 

Mitanchez et al., 2015), and congenital renal (adjusted OR: 1.42, 

95% CI 1.09-1.85) and urinary tract anomalies including the ureter, 

- Maternal glucose levels, within the normal range, are associated 

with DNA methylation changes at genes associated with 

gestational diabetes mellitus and related to energy metabolism 



bladder, and urethra (adjusted OR: 1.25, 95% CI 1.01-1.56) 

(Shnorhavorian et al., 2011). 

- Children exposed to gestational hyperglycemia tend to be heavier 

and taller, and have increased incidence of gross and fine motor 

abnormalities, attention deficit hyperactivity disorder, learning 

difficulties, and likely autism spectrum disorder, as well as 

increased risk of schizophrenia (fixed-effects pooled OR: 7.76, 

95% CI: 1.37-43.9) (for review and meta-analysis, see Cannon et 

al., 2002), renal disease, cardiovascular morbidity, and metabolic 

syndrome including obesity, type 2 diabetes mellitus, and elevated 

systolic and diastolic blood pressure (only in men) later in life (for 

reviews, see Hiersch and Yogev, 2014, Ma et al., 2015, Mitanchez 

et al., 2015, and Ornoy et al., 2015; for systematic review and 

meta-analysis, see Aceti et al., 2012). 

- Despite maternal diabetes often results in macrosomia, in some 

cases of gestational diabetes, fetal insulin resistance may develop. 

This may attenuate the trophic effect of insulin and result in 

intrauterine growth retardation (for review, see Szostak-Wegierek 

suggesting that maternal glycemia may be involved in fetal 

metabolic programming (Houde et al., 2015). 

- Higher maternal hyperglycemia is associated with lower DNA 

methylation levels near LEP gene in cord blood samples and 

higher cord blood leptin levels, likely contributing to long-term 

programming of excessive adiposity later in life (note that leptin 

is an adipokine that has a key role in appetite regulation by 

inhibiting hunger, fat storage, and weight set point) (Allard et al., 

2015). 

- Analysis of DNA from umbilical cord blood samples and 

peripheral blood leukocytes shows many differentially 

methylated CpG loci and genes involved in cardiovascular and 

metabolic disease pathways, including cholesterol efflux and 

atherosclerosis, adiposity, pancreatic development, -cell 

response to glucose, and insulin secretion in infants, children, and 

adolescents exposed to maternal gestational diabetes mellitus 

compared with those not exposed to maternal gestational diabetes 

(for review, see Ma et al., 2015). 



et al., 2014) which may increase the risk of metabolic and 

cardiovascular diseases later in life (see above for epigenetic 

changes and potential long-term risks to offspring of fetal growth 

restriction). 

 

Macrosomia (656.6x)D - A high birth weight predisposes to childhood-onset type 1 diabetes, 

independent of maternal diabetes (for review, see Stene and Gale, 

2013), and later overweight and obesity, glucose intolerance, 

insulin resistance, and impaired insulin secretion resulting in 

increased risk of diabetes and cardiovascular diseases in adult life 

(for review, see Szostak-Wegierek et al., 2014). 

- Increasing birthweight raises the risk of breast cancer (RR: 1.15, 

95% CI: 1.09-1.21) regardless of whether women are 

premenopausal or postmenopausal (for systematic reviews and 

meta-analyses, see Xue and Michels, 2007 and Park et al., 2008), 

and childhood cancer including leukemias, myeloproliferative and 

myelodysplastic diseases (OR per 0.5 kg increase in birthweight in 

USA: 1.10, 95% CI: 1.06-1.13), tumors of the central nervous 

system (OR per 0.5 kg increase in birthweight in USA: 1.05, 95% 

 



CI: 1.01-1.08), renal tumors (OR per 0.5 kg increase in birthweight 

in USA: 1.17, 95% CI: 1.10-1.24), soft tissue and other 

extraosseous sarcomas (OR per 0.5 kg increase in birthweight in 

USA: 1.12, 95% CI: 1.05-1.20), neuroblastoma and other 

peripheral nervous cell tumors (OR per 0.5 kg increase in 

birthweight in USA: 1.21, 95% CI: 1.02-1.44), germ cell tumors, 

trophoblastic tumors, and neoplasms of gonads (OR per 0.5 kg 

increase in birthweight in USA: 1.10, 95% CI: 1.01-1.20), and 

other malignant epithelial neoplasms and malignant melanomas 

(OR per 0.5 kg increase in birthweight in UK: 1.17, 95% CI: 1.07-

1.29) (O'Neill et al., 2015). 

- Data on the presence of an association between macrosomia and 

psychiatric disorders later in life are mixed and no solid 

conclusions can be drawn (Wegelius et al., 2011; for review, see 

Van Lieshout and Boyle, 2011). 

AObstetric events associated (adjusted ORs with p-values ranging from 0.029 to < 0.0001) with advanced maternal age reported by Grotegut et 

al. (2014) after analyzing 10,768,536 and 1,860,210 women < 35 and ≥ 35 years of age, respectively, from The Nationwide Inpatient Sample, 

the largest all-payer inpatient database in the United States, for years 2008-2010. Note that Grotegut et al. (2014) used International 



Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes to identify preexisting medical conditions and medical and 

obstetric complications at time of delivery. Cesarean deliveries were also identified by diagnosis-related group (DRG) codes. In order to estimate 

the independent role of maternal age alone on obstetric (and medical) events, multivariate logistic regression analyses were controlled for 

insurance status, multiple gestation and pre-existing medical conditions including chronic hypertension, chronic renal failure, cardiomyopathy, 

valvular heart disease, cardiac conduction disorders, history of myocardial infarction/chronic myocardial ischemia, asthma, diabetes, thyroid 

disorders, systemic lupus erythematosus, rheumatoid arthritis/collagen vascular disease, thrombophilia/antiphospholipid antibody syndrome, 

anemia, thrombocytopenia, drug use, alcohol use and smoking. We have not included other obstetric events reported by Grotegut et al. (2014) 

because (1) the risk among women ≥ 35 years of age were lower compared to women < 35 years (operative vaginal delivery and chorio-

amnionitis); and (2) the events were not directly related with maternal-age-associated changes in fetal intrauterine environment with potential 

long-term consequences for offspring (fetal chromosomal anomaly, fetal demise and post-partum hemorrhage). 
BOR, RR, or IRR to offspring of some obstetric complications at time of delivery are missing because of reviewed data come from literature 

narrative syntheses. 
CWomen aged ≥ 45 years only (Grotegut et al., 2014). 
DMacrosomia is mainly associated with maternal diabetes (whatever its type), obesity, and/or gestational weight gain (for review, see Mitanchez 

et al., 2015). It is a consequence of fetal overnutrition likely due to greater transfer of glucose, amino acids, and free fatty acids to the fetus. This 

leads to increased fetal production of insulin which plays a role of fetal growth factor (for review, see Szostak-Wegierek et al., 2014). 

 

  



References 

Aceti, A., Santhakumaran, S., Logan, K. M., Philipps, L. H., Prior, E., Gale, C., Hyde, M. J., and Modi, 

N. (2012). The diabetic pregnancy and offspring blood pressure in childhood: a systematic review 

and meta-analysis. Diabetologia 55, 3114–3127. doi:10.1007/s00125-012-2689-8 

Akre, O., Ekbom, A., Hsieh, C. C., Trichopoulos, D., and Adami, H. O. (1996). Testicular 

nonseminoma and seminoma in relation to perinatal characteristics. J. Natl. Cancer Inst. 88, 883–

889. doi:10.1093/jnci/88.13.883 

Allard, C., Desgagné, V., Patenaude, J., Lacroix, M., Guillemette, L., Battista, M. C., Doyon, M., 

Ménard, J., Ardilouze, J. L., Perron, P., Bouchard, L., and Hivert, M. F. (2015). Mendelian 

randomization supports causality between maternal hyperglycemia and epigenetic regulation of 

leptin gene in newborns. Epigenetics 10, 342–351. doi:10.1080/15592294.2015.1029700 

Almgren, M., Schlinzig, T., Gomez-Cabrero, D., Gunnar, A., Sundin, M., Johansson, S., Norman, M., 

and Ekström, T. J. (2014). Cesarean delivery and hematopoietic stem cell epigenetics in the newborn 

infant: implications for future health? Am. J. Obstet. Gynecol. 211, 502.e1–502.e8. 

doi:10.1016/j.ajog.2014.05.014 

Bassan, H., Stolar, O., Geva, R., Eshel, R., Fattal-Valevski, A., Leitner, Y., Waron, M., Jaffa, A., and 

Harel, S. (2011). Intrauterine growth-restricted neonates born at term or preterm: how different? 

Pediatr. Neurol. 44, 122–130. doi:10.1016/j.pediatrneurol.2010.09.012 

Behnia, F., Parets, S. E., Kechichian, T., Yin, H., Dutta, E. H., Saade, G. R., Smith, A. K., and Menon, 

R. (2015). Fetal DNA methylation of autism spectrum disorders candidate genes: association with 

spontaneous preterm birth. Am. J. Obstet. Gynecol. 212, 533.e1–533.e9. 

doi:10.1016/j.ajog.2015.02.011 

Burris, H. H., Baccarelli, A. A., Byun, H. M., Cantoral, A., Just, A. C., Pantic, I., Solano-Gonzalez, M., 

Svensson, K., Tamayo, Y., Ortizm, M., Zhao, Y., Wright, R. O., and Téllez-Rojo, M. M. (2015). 

Offspring DNA methylation of the aryl-hydrocarbon receptor repressor gene is associated with 

maternal BMI, gestational age, and birth weight. Epigenetics 10, 913–921. 

doi:10.1080/15592294.2015.1078963 

Cannon, M., Jones, P. B., and Murray, R. M. (2002). Obstetric complications and schizophrenia: 

historical and meta-analytic review. Am. J. Psychiatry 159, 1080–1092. 

doi:10.1176/appi.ajp.159.7.1080 

Cardwell, C. R., Stene, L. C., Joner, G., Bulsara, M. K., Cinek, O., Rosenbauer, J., Ludvigsson, J., 

Jané, M., Svensson, J., Goldacre, M. J., Waldhoer, T., Jarosz-Chobot, P., Gimeno, S. G., Chuang, L. 

M., Parslow, R. C., Wadsworth, E. J., Chetwynd, A., Pozzilli, P., Brigis, G., Urbonaite, B., Sipetic, 

S., Schober, E., Devoti, G., Ionescu-Tirgoviste, C., de Beaufort, C. E., Stoyanov, D., Buschard, K., 

and Patterson, C. C. (2010). Maternal age at birth and childhood type 1 diabetes: a pooled analysis 

of 30 observational studies. Diabetes 59, 486–494. doi:10.2337/db09-1166 



Caughey, A. B., Robinson, J. N., and Norwitz, E. R. (2008). Contemporary diagnosis and management 

of preterm premature rupture of membranes. Rev. Obstet. Gynecol. 1, 11–22. 

Chauhan, S. P., Gupta, L. M., Hendrix, N. W., Berghella, V., and American College of Obstetricians 

and Gynecologists. (2009). Intrauterine growth restriction: comparison of American College of 

Obstetricians and Gynecologists practice bulletin with other national guidelines. Am. J. Obstet. 

Gynecol. 200, 409.e1–409.e6. doi:10.1016/j.ajog.2008.11.025 

Cho, C. E., and Norman, M. (2013). Cesarean section and development of the immune system in the 

offspring. Am. J. Obstet. Gynecol. 208, 249–254. doi:10.1016/j.ajog.2012.08.009 

Cruickshank, M. N., Oshlack, A., Theda, C., Davis, P. G., Martino, D., Sheehan, P., Dai, Y., Saffery, 

R., Doyle, L. W., and Craig, J. M. (2013). Analysis of epigenetic changes in survivors of preterm 

birth reveals the effect of gestational age and evidence for a long term legacy. Genome Med. 5, 96. 

doi:10.1186/gm500 

D’Onofrio, B. M., Class, Q. A., Rickert, M. E., Larsson, H., Långström, N., and Lichtenstein, P. 

(2013). Preterm birth and mortality and morbidity: a population-based quasi-experimental study. 

JAMA Psychiatry 70, 1231–1240. 

Damgaard, A. L., Hansen, B. M., Mathiasen, R., Buchvald, F., Lange, T., and Greisen, G. (2015). 

Prematurity and prescription asthma medication from childhood to young adulthood: a Danish 

national cohort study. PLoS One 10, e0117253. doi:10.1371/journal.pone.0117253 

Darmasseelane, K., Hyde, M. J., Santhakumaran, S., Gale, C., and Modi, N. (2014). Mode of delivery 

and offspring body mass index, overweight and obesity in adult life: a systematic review and meta-

analysis. PLoS One 9, e87896. doi:10.1371/journal.pone.0087896 

Davis, E. F., Lazdam, M., Lewandowski, A. J., Worton, S. A., Kelly, B., Kenworthy, Y., Adwani, S., 

Wilkinson, A. R., McCormick, K., Sargent, I., Redman, C., and Leeson, P. (2012). Cardiovascular 

risk factors in children and young adults born to preeclamptic pregnancies: a systematic review. 

Pediatrics 129, e1552–e1561. doi:10.1542/peds.2011-3093  

Ehsanipoor, R. M., Seligman, N. S., Saccone, G., Szymanski, L. M., Wissinger, C., Werner, E. F., and 

Berghella, V. (2015). Physical Examination-Indicated Cerclage: A Systematic Review and Meta-

analysis. Obstet. Gynecol. 126, 125–135. doi:10.1097/AOG.0000000000000850 

Embleton, N., and Wood, C. L. (2014). Growth, bone health, and later outcomes in infants born 

preterm. J. Pediatr. (Rio J.) 90, 529–532. doi:10.1016/j.jped.2014.08.002 

English, P. B., Goldberg, D. E., Wolff, C., and Smith, D. (2003). Parental and birth characteristics in 

relation to testicular cancer risk among males born between 1960 and 1995 in California (United 

States). Cancer Causes Control 14, 815–825. doi:10.1023/B:CACO.0000003812.53344.48 

Frans, E. M., Sandin, S., Reichenberg, A., Lichtenstein, P., Långström, N., and Hultman, C. M. (2008). 

Advancing paternal age and bipolar disorder. Arch. Gen. Psychiatry 65, 1034–1040. 

doi:10.1001/archpsyc.65.9.1034 



Gill, S. K., Broussard, C., Devine, O., Green, R. F., Rasmussen, S. A., Reefhuis, J., and National Birth 

Defects Prevention Study. (2012). Association between maternal age and birth defects of unknown 

etiology: United States, 1997–2007. Birth Defects Res. A Clin. Mol. Teratol. 94, 1010–1018. 

doi:10.1002/bdra.23049 

Hannam, K., Lawlor, D. A., and Tobias, J. H. (2015). Maternal preeclampsia is associated with reduced 

adolescent offspring hip BMD in a UK population-based birth cohort. J. Bone Miner. Res. 30, 1684–

1691. doi:10.1002/jbmr.2506 

Heck, J. E., Ritz, B., Hung, R. J., Hashibe, M., and Boffetta, P. (2009). The epidemiology of 

neuroblastoma: a review. Paediatr. Perinat. Epidemiol. 23, 125–143. doi:10.1111/j.1365-

3016.2008.00983.x 

Hiersch, L., and Yogev, Y. (2014). Impact of gestational hyperglycemia on maternal and child health. 

Curr. Opin. Clin. Nutr. Metab. Care 17, 255–260. doi:10.1097/MCO.0000000000000030 

Hillman, S. L., Finer, S., Smart, M. C., Mathews, C., Lowe, R., Rakyan, V. K., Hitman, G. A., and 

Williams, D. J. (2015). Novel DNA methylation profiles associated with key gene regulation and 

transcription pathways in blood and placenta of growth-restricted neonates. Epigenetics 10, 50–61. 

doi:10.4161/15592294.2014.989741 

Houde, A. A., Ruchat, S. M., Allard, C., Baillargeon, J. P., St-Pierre, J., Perron, P., Gaudet, D., Brisson, 

D., Hivert, M. F., and Bouchard, L. (2015). LRP1B, BRD2 and CACNA1D: new candidate genes in 

fetal metabolic programming of newborns exposed to maternal hyperglycemia. Epigenomics 7, 

1111–1122. doi:10.2217/epi.15.72 

Hunter, D. S., Hazel, S. J., Kind, K. L., Liu, H., Marini, D., Giles, L. C., De Blasio, M. J., Owens, J. A., 

Pitcher, J. B., and Gatford, K. L. (2015). Placental and fetal growth restriction, size at birth and 

neonatal growth alter cognitive function and behaviour in sheep in an age-and sex-specific manner. 

Physiol. Behav. 152(Pt A), 1–10. doi:10.1016/j.physbeh.2015.08.042  

Hyde, M. J., and Modi, N. (2012). The long-term effects of birth by caesarean section: the case for a 

randomised controlled trial. Early Hum. Dev. 88, 943–949. doi:10.1016/j.earlhumdev.2012.09.006 

Islam, J. Y., Keller, R. L., Aschner, J. L., Hartert, T. V., and Moore, P. E. (2015). Understanding the 

Short- and Long-Term Respiratory Outcomes of Prematurity and Bronchopulmonary Dysplasia. Am. 

J. Respir. Crit. Care Med. 192, 134–156. doi:10.1164/rccm.201412-2142PP 

Johnson, K. J., Carozza, S. E., Chow, E. J., Fox, E. E., Horel, S., McLaughlin, C. C., Mueller, B. A., 

Puumala, S. E., Reynolds, P., Von Behren, J., and Spector, L. G. (2009). Parental age and risk of 

childhood cancer: a pooled analysis. Epidemiology 20, 475–483. 

doi:10.1097/EDE.0b013e3181a5a332 

Julian, C. G., Pedersen, B. S., Salmon, C. S., Yang, I. V., Gonzales, M., Vargas, E., Moore, L. G., and 

Schwartz, D. A. (2015). Unique DNA Methylation Patterns in Offspring of Hypertensive Pregnancy. 

Clin. Transl. Sci. 8, 740–745. doi:10.1111/cts.12346 



Kancherla, V., Räisänen, S., Gissler, M., Kramer, M. R., and Heinonen, S. (2015). Placenta previa and 

risk of major congenital malformations among singleton births in Finland. Birth Defects Res. A Clin. 

Mol. Teratol. 103, 527–535. doi:10.1002/bdra.23371 

Kerkhof, G. F., Willemsen, R. H., Leunissen, R. W., Breukhoven, P. E., and Hokken-Koelega, A. C. 

(2012). Health profile of young adults born preterm: negative effects of rapid weight gain in early 

life. J. Clin. Endocrinol. Metab. 97, 4498–4506. doi:10.1210/jc.2012-1716 

Keski-Nisula, L., Heinonen, S., Remes, S., and Pekkanen, J. (2009). Pre-eclampsia, placental abruption 

and increased risk of atopic sensitization in male adolescent offspring. Am. J. Reprod. Immunol. 62, 

293–300. doi:10.1111/j.1600-0897.2009.00738.x 

Krause, B. J., Costello, P. M., Muñoz-Urrutia, E., Lillycrop, K. A., Hanson, M. A., and Casanello, P. 

(2013). Role of DNA methyltransferase 1 on the altered eNOS expression in human umbilical 

endothelium from intrauterine growth restricted fetuses. Epigenetics 8, 944–952. 

doi:10.4161/epi.25579 

Lazdam, M., de la Horra, A., Pitcher, A., Mannie, Z., Diesch, J., Trevitt, C., Kylintireas, I., Contractor, 

H., Singhal, A., Lucas, A., Neubauer, S., Kharbanda, R., Alp, N., Kelly, B., and Leeson, P. (2010). 

Elevated blood pressure in offspring born premature to hypertensive pregnancy: is endothelial 

dysfunction the underlying vascular mechanism? Hypertension 56, 159–165. 

doi:10.1161/HYPERTENSIONAHA.110.150235 

Lewandowski, A. J., and Leeson, P. (2014). Preeclampsia, prematurity and cardiovascular health in 

adult life. Early Hum. Dev. 90, 725–729. doi:10.1016/j.earlhumdev.2014.08.012 

Li, H. T., Zhou, Y. B., and Liu, J. M. (2013). The impact of cesarean section on offspring overweight 

and obesity: a systematic review and meta-analysis. Int. J. Obes. (Lond) 37, 893–899. 

doi:10.1038/ijo.2012.195 

Lim, W. Y., Lee, Y. S., Yap, F. K., Aris, I. M., Ngee, L., Meaney, M., Gluckman, P. D., Godfrey, K. 

M., Kwek, K., Chong, Y. S., Saw, S. M., Pan, A., and GUSTO Study Group. (2015). Maternal blood 

pressure during pregnancy and early childhood blood pressures in the offspring: The GUSTO Birth 

Cohort Study. Medicine (Baltimore) 94, e1981. doi:10.1097/MD.0000000000001981  

Lin, S., Leonard, D., Co, M. A., Mukhopadhyay, D., Giri, B., Perger, L., Beeram, M. R., Kuehl, T. J., 

and Uddin, M. N. (2015). Pre-eclampsia has an adverse impact on maternal and fetal health. Transl. 

Res. 165, 449–463. doi:10.1016/j.trsl.2014.10.006 

Loane, M., Dolk, H., Morris, J. K., and EUROCAT Working Group. (2009). Maternal age-specific risk 

of non-chromosomal anomalies. BJOG 116, 1111–1119. doi:10.1111/j.1471-0528.2009.02227.x 

Lopez-Castroman, J., Gómez, D. D., Belloso, J. J., Fernandez-Navarro, P., Perez-Rodriguez, M. M., 

Villamor, I. B., Navarrete, F. F., Ginestar, C. M., Currier, D., Torres, M. R., Navio-Acosta, M., Saiz-

Ruiz, J., Jimenez-Arriero, M. A., and Baca-Garcia, E. (2010). Differences in maternal and paternal 

age between schizophrenia and other psychiatric disorders. Schizophr. Res. 116, 184–190. 

doi:10.1016/j.schres.2009.11.006 



Ma, R. C., Tutino, G. E., Lillycrop, K. A., Hanson, M. A., and Tam, W. H. (2015). Maternal diabetes, 

gestational diabetes and the role of epigenetics in their long term effects on offspring. Prog. 

Biophys. Mol. Biol. 118, 55–68. doi:10.1016/j.pbiomolbio.2015.02.010 

Miettola, S., Hovi, P., Andersson, S., Strang-Karlsson, S., Pouta, A., Laivuori, H., Järvenpää, A. L., 

Eriksson, J. G., Mäkitie, O., and Kajantie, E. (2013). Maternal preeclampsia and bone mineral 

density of the adult offspring. Am. J. Obstet. Gynecol. 209, 443.e1–443.e10. 

doi:10.1016/j.ajog.2013.06.028 

Mitanchez, D., Yzydorczyk, C., Siddeek, B., Boubred, F., Benahmed, M., and Simeoni, U. (2015). The 

offspring of the diabetic mother–short- and long-term implications. Best Pract. Res. Clin. Obstet. 

Gynaecol. 29, 256–269. doi:10.1016/j.bpobgyn.2014.08.004 

Møller, H., and Skakkebaek, N. E. (1997). Testicular cancer and cryptorchidism in relation to prenatal 

factors: case-control studies in Denmark. Cancer Causes Control 8, 904–912. 

doi:10.1023/A:1018472530653 

Morrison, J. L., Duffield, J. A., Muhlhausler, B. S., Gentili, S., and McMillen, I. C. (2010). Fetal 

growth restriction, catch-up growth and the early origins of insulin resistance and visceral obesity. 

Pediatr. Nephrol. 25, 669–677. doi:10.1007/s00467-009-1407-3 

Moster, D., Lie, R. T., and Markestad, T. (2008). Long-term medical and social consequences of 

preterm birth. N. Engl. J. Med. 359, 262–273. doi:10.1056/NEJMoa0706475 

Nassar, A. H., and Usta, I. M. (2009). Advanced maternal age. Part II: long-term consequences. Am. J. 

Perinatol. 26, 107–112. doi:10.1055/s-0028-1090593 

O’Neill, K. A., Murphy, M. F., Bunch, K. J., Puumala, S. E., Carozza, S. E., Chow, E. J., Mueller, B. 

A., McLaughlin, C. C., Reynolds, P., Vincent, T. J., Von Behren, J., and Spector, L. G. (2015). 

Infant birthweight and risk of childhood cancer: international population-based case control studies 

of 40 000 cases. Int. J. Epidemiol. 44, 153–168. doi:10.1093/ije/dyu265 

Ornoy, A., Reece, E. A., Pavlinkova, G., Kappen, C., and Miller, R. K. (2015). Effect of maternal 

diabetes on the embryo, fetus, and children: congenital anomalies, genetic and epigenetic changes 

and developmental outcomes. Birth Defects Res. C Embryo Today 105, 53–72. 

doi:10.1002/bdrc.21090 

Parets, S. E., Conneely, K. N., Kilaru, V., Menon, R., and Smith, A. K. (2015). DNA methylation 

provides insight into intergenerational risk for preterm birth in African Americans. Epigenetics 10, 

784–792. doi:10.1080/15592294.2015.1062964 

Park, S. K., Kang, D., McGlynn, K. A., Garcia-Closas, M., Kim, Y., Yoo, K. Y., and Brinton, L. A. 

(2008). Intrauterine environments and breast cancer risk: meta-analysis and systematic review. 

Breast Cancer Res. 10, R8. doi:10.1186/bcr1850 



Parkinson, J. R., Hyde, M. J., Gale, C., Santhakumaran, S., and Modi, N. (2013). Preterm birth and the 

metabolic syndrome in adult life: a systematic review and meta-analysis. Pediatrics 131, e1240–

e1263. doi:10.1542/peds.2012-2177 

Patel, S. S., and Burns, T. L. (2013). Nongenetic risk factors and congenital heart defects. Pediatr. 

Cardiol. 34, 1535–1555. doi:10.1007/s00246-013-0775-4 

Qiu, L., Onoyama, S., Low, H. P., Chang, C. I., Strohsnitter, W. C., Norwitz, E. R., Lopresti, M., 

Edmiston, K., Lambe, M., Trichopoulos, D., Lagiou, P., and Hsieh, C. C. (2015). Effect of 

preeclampsia on umbilical cord blood stem cells in relation to breast cancer susceptibility in the 

offspring. Carcinogenesis 36, 94–98. doi:10.1093/carcin/bgu231 

Quilter, C. R., Cooper, W. N., Cliffe, K. M., Skinner, B. M., Prentice, P. M., Nelson, L., Bauer, J., Ong, 

K. K., Constância, M., Lowe, W. L., Affara, N. A., and Dunger, D. B. (2014). Impact on offspring 

methylation patterns of maternal gestational diabetes mellitus and intrauterine growth restraint 

suggest common genes and pathways linked to subsequent type 2 diabetes risk. FASEB J. 28, 4868–

4879. doi:10.1096/fj.14-255240 

Quintal, V. S., Diniz, E. M., Caparbo Vde, F., and Pereira, R. M. (2014). Bone densitometry by dual-

energy X-ray absorptiometry (DXA) in preterm newborns compared with full-term peers in the first 

six months of life. J. Pediatr. (Rio J.) 90, 556–562. doi:10.1016/j.jped.2014.03.001 

Räisänen, S., Kancherla, V., Kramer, M. R., Gissler, M., and Heinonen, S. (2014). Placenta previa and 

the risk of delivering a small-for-gestational-age newborn. Obstet. Gynecol. 124(2 Pt 1), 285–291. 

doi:10.1097/AOG.0000000000000368 

Riihimäki, O., Metsäranta, M., Ritvanen, A., Gissler, M., Luukkaala, T., Paavonen, J., Nuutila, M., 

Andersson, S., and Tikkanen, M. (2013). Increased prevalence of major congenital anomalies in 

births with placental abruption. Obstet. Gynecol. 122, 268–274. 

doi:10.1097/AOG.0b013e31829a6f91 

Romero, R., and Korzeniewski, S. J. (2013). Are infants born by elective cesarean delivery without 

labor at risk for developing immune disorders later in life? Am. J. Obstet. Gynecol. 208, 243–246. 

doi:10.1016/j.ajog.2012.12.026 

Salam, R. A., Das, J. K., and Bhutta, Z. A. (2014). Impact of intrauterine growth restriction on long-

term health. Curr. Opin. Clin. Nutr. Metab. Care 17, 249–254. 

doi:10.1097/MCO.0000000000000051 

Sandin, S., Hultman, C. M., Kolevzon, A., Gross, R., MacCabe, J. H., and Reichenberg, A. (2012). 

Advancing maternal age is associated with increasing risk for autism: a review and meta-analysis. J. 

Am. Acad. Child Adolesc. Psychiatry 51, 477–486.e1. doi:10.1016/j.jaac.2012.02.018 

Schlinzig, T., Johansson, S., Gunnar, A., Ekström, T. J., and Norman, M. (2009). Epigenetic 

modulation at birth - altered DNA-methylation in white blood cells after Caesarean section. Acta 

Paediatr. 98, 1096–1099. doi:10.1111/j.1651-2227.2009.01371.x 



Sevelsted, A., Stokholm, J., Bønnelykke, K., and Bisgaard, H. (2015). Cesarean section and chronic 

immune disorders. Pediatrics 135, e92–e98. doi:10.1542/peds.2014-0596 

Shnorhavorian, M., Bittner, R., Wright, J. L., and Schwartz, S. M. (2011). Maternal risk factors for 

congenital urinary anomalies: results of a population-based case-control study. Urology 78, 1156–

1161. doi:10.1016/j.urology.2011.04.022 

Stene, L. C., and Gale, E. A. (2013). The prenatal environment and type 1 diabetes. Diabetologia 56, 

1888–1897. doi:10.1007/s00125-013-2929-6 

Swamy, G. K., Ostbye, T., and Skjaerven, R. (2008). Association of preterm birth with long-term 

survival, reproduction, and next-generation preterm birth. JAMA 299, 1429–1436. 

doi:10.1001/jama.299.12.1429 

Szostak-Wegierek, D. (2014). Intrauterine nutrition: long-term consequences for vascular health. Int. J. 

Womens Health 6, 647–656. doi:10.2147/IJWH.S48751 

Tarín, J. J., Vidal, E., Pérez-Hoyos, S., Cano, A., and Balasch, J. (2001). Delayed motherhood 

increases the probability of sons to be infertile. J. Assist. Reprod. Genet. 18, 650–654. 

doi:10.1023/A:1013163217089 

Thoulass, J. C., Robertson, L., Denadai, L., Black, C., Crilly, M., Iversen, L., Scott, N. W., and 

Hannaford, P. C. (2016). Hypertensive disorders of pregnancy and adult offspring cardiometabolic 

outcomes: a systematic review of the literature and meta-analysis. J. Epidemiol. Community Health 

70, 414–422. doi:10.1136/jech-2015-205483 

Tikkanen, M. (2011). Placental abruption: epidemiology, risk factors and consequences. Acta Obstet. 

Gynecol. Scand. 90, 140–149. doi:10.1111/j.1600-0412.2010.01030.x 

Tinnion, R., Gillone, J., Cheetham, T., and Embleton, N. (2014). Preterm birth and subsequent insulin 

sensitivity: a systematic review. Arch. Dis. Child. 99, 362–368. doi:10.1136/archdischild-2013-

304615 

To, W. W., and Wong, M. W. (2011). Bone mineral density changes in pregnancies with gestational 

hypertension: a longitudinal study using quantitative ultrasound measurements. Arch. Gynecol. 

Obstet. 284, 39–44. doi:10.1007/s00404-010-1596-9 

Tuovinen, S., Eriksson, J. G., Kajantie, E., and Räikkönen, K. (2014). Maternal hypertensive pregnancy 

disorders and cognitive functioning of the offspring: a systematic review. J. Am. Soc. Hypertens. 8, 

832–847.e1. doi:10.1016/j.jash.2014.09.005 

Vahanian, S. A., Lavery, J. A., Ananth, C. V., and Vintzileos, A. (2015). Placental implantation 

abnormalities and risk of preterm delivery: a systematic review and metaanalysis. Am. J. Obstet. 

Gynecol. 213, S78–S90. doi:10.1016/j.ajog.2015.05.058 

Van Lieshout, R. J., and Boyle, M. H. (2011). Is bigger better? Macrosomia and psychopathology later 

in life. Obes. Rev. 12, e405–e411. doi:10.1111/j.1467-789X.2010.00816.x 



Virani, S., Dolinoy, D. C., Halubai, S., Jones, T. R., Domino, S. E., Rozek, L. S., Nahar, M. S., and 

Padmanabhan, V. (2012). Delivery type not associated with global methylation at birth. Clin. 

Epigenetics 4, 8. doi:10.1186/1868-7083-4-8 

Walker, K. F., Bradshaw, L., Bugg, G. J., and Thornton, J. G. (2016). Causes of antepartum stillbirth in 

women of advanced maternal age. Eur. J. Obstet. Gynecol. Reprod. Biol. 197, 86–90. 

doi:10.1016/j.ejogrb.2015.11.032 

Wegelius, A., Tuulio-Henriksson, A., Pankakoski, M., Haukka, J., Lehto, U., Paunio, T., Lönnqvist, J., 

and Suvisaari, J. (2011). An association between high birth weight and schizophrenia in a Finnish 

schizophrenia family study sample. Psychiatry Res. 190, 181–186. 

doi:10.1016/j.psychres.2011.05.035 

Wood, C. L., Wood, A. M., Harker, C., and Embleton, N. D. (2013). Bone mineral density and 

osteoporosis after preterm birth: the role of early life factors and nutrition. Int. J. Endocrinol. 2013, 

902513. doi:10.1155/2013/902513 

Xue, F., and Michels, K. B. (2007). Intrauterine factors and risk of breast cancer: a systematic review 

and meta-analysis of current evidence. Lancet Oncol. 8, 1088–1100. doi:10.1016/S1470-

2045(07)70377-7 

Yiallourou, S. R., Wallace, E. M., Miller, S. L., and Horne, R. S. (2016). Effects of intrauterine growth 

restriction on sleep and the cardiovascular system: The use of melatonin as a potential therapy? 

Sleep Med. Rev. 26, 64–73. doi:10.1016/j.smrv.2015.04.001 


	Potential risks to offspring of intrauterine exposure to maternal age-related obstetric complications

