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Abstract

Children exposed to maternal sickle cell disease (SCD) have many theoretical risks for

developmental disorders, but little is known about long-term outcomes for these

children. We used the Boston Birth Cohort to compare developmental outcomes

between children exposed to maternal SCD and matched, unexposed controls. Chil-

dren with exposure to maternal SCD had increased risk of attention deficit hyperac-

tivity disorder (OR 5.12, 95% CI 1.36–19.19, p = 0.02) and obesity (OR 2.74, 95% CI

1.10–6.87, p= 0.03). In utero and/or environmental exposures may help explain these

findings. Further studies of outcomes of children born towomenwith SCD are needed.

1 INTRODUCTION

In resource-rich settings, over 95% of children with sickle cell dis-

ease (SCD) now survive into adulthoodmaking reproductive outcomes

increasingly important for affected individuals and their families [1].

Developmental outcomes of children exposed to maternal SCD who

do not themselves have SCD are poorly defined. Many outcomes that

occur among pregnant women with SCD are risks for developmental

Abbreviations: BBC, Boston Birth Cohort; IUGR, Intrauterine growth restriction; NDD,

Neurodevelopmental disorder; SCD, Sickle cell disease.
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disorders in offspring. These include maternal anemia before the thir-

tieth week of pregnancy [2], inflammatory and abnormal immune acti-

vation, preeclampsia, intrauterine growth restriction (IUGR), preterm

birth, low birth weight, maternal history of fetal demise [3], and

chronic or intermittent intrauterine opioid exposure. These are com-

mon complications of SCD pregnancy [4], but little is known about

long-term developmental outcomes for children with a history of in

utero exposure tomaternal SCD [5].

Identifying whether children born to women with SCD have dif-

ferent developmental outcomes than children born to unaffected
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mothers requires a dataset that links maternal and child health data

and a rigorously matched control group. Ideally this kind of data would

be included in a sickle cell registry, but long-termoutcomes of offspring

born to people with SCD are not yet captured [5]. The Boston Birth

Cohort (BBC) is a well described, prospective birth cohort established

in 1998 at the Boston Medical Center that recruits pre-term and

full-term mother–baby dyads [6]. BBC data are collected through

structured interviews at enrollment and by electronic medical record

(EMR) review and include maternal preconception medical conditions,

pregnancy complications and exposures, and child development

outcomes. Women with SCD and their offspring in this cohort can be

identified in this cohort.

This study’s purpose was to use the BBC to compare develop-

mental outcomes of children born to mothers with SCD to matched

controls.

2 METHODS

The BBC is described [7]. It is a prospective birth cohort initially

developed to investigate preconception and prenatal determinants

of preterm birth. Dyads are recruited at delivery. Exclusion criteria

are: multiple gestations, infants with chromosomal abnormalities or

major birth defects, infants conceived through in vitro fertilization, and

preterm delivery due to traumatic injury. The subset of children whose

care continues at the Boston Medical Center has developmental out-

comes captured in their EMRand remain linked to their birthingparent.

Using EMR data for mothers and children from outpatient and emer-

gency room encounters between October 1, 2003 and September 31,

2015, we identified all women with ICD-9-CM codes for SCD (282.60-

64, 282.68, 282.69, 282.41, 282.42). In anticipation of small numbers,

we first liberally captured thosewith one ormore SCD ICD-9-CMcode

(282.60-64, 282.68, 282.69, 282.41, 282.42) [8] and then more con-

servatively identified those with two or more SCD ICD-9-CM codes.

Comparison of characteristics of mothers and children identified with

only one SCD code and ≥2 SCD codes identified no between-group

differences, so we included SCD dyads identified with at least one

maternal SCD ICD-9-CM code (Tables S1 and S2). SCD is an indepen-

dent risk factor for neurodevelopmental disorders (NDD), so dyads in

whichmother and child had SCDwere excluded [9].

Statistical analyses were performed in R-3.3.x. Using the R package

MatchIt, dyad cases werematched to unaffected controls in a 1:3 ratio

using propensity score analysis that matched cases and controls by

probability of exposure to maternal SCD, conditional on race, marital

status, education, and child’s year of birth (Supporting figure). Logistic

regression was first performed using the R glm() function. We calcu-

lated the log odds of maternal SCD status as a function of race, marital

status, education, and child’s year of birth and obtained fitted probabil-

ities for all subjects. Matching was then performed to a case’s nearest

neighborusing theRpackageMatchIt. Child’s year of birthwasused for

matching to account for secular trends since BBC data were collected

between 2003 and 2015. We excluded women with sickle cell trait

from the control group. Developmental outcomes identified by ICD-

9-CM codes for NDD included delayed milestones, other speech and

language delay, attention-deficit disorder with hyperactivity (ADHD)

and unspecified development delay (783.42, 315.39, 314.01, 315.9)

and for physical development disorders including abnormal loss of

weight, obesity, and failure to thrive (783.21, 278.00, 783.41).We used

logistic regression to test the association between disorders of growth

and development andmaternal SCD exposure.

TheBostonMedicalCenter and JohnsHopkinsBloomberg School of

Public Health Institutional Review Boards approved this study. Partic-

ipant informed consent was obtained per the Boston Medical Center

Institutional Review Board protocol.

3 RESULTS

Among 5,972 BBC mothers, there were 2,992 children with available

data. Among these mother–child dyads, 48 women had at least one

ICD-9-CM code for SCD. Twomother–child dyads were excluded from

further analysis because the child had SCD. Six mother–child dyads

had either completely or partially missing demographic data and were

excluded. Thus, the final analysis included 40 dyad cases and 120 con-

trols, described in Table 1. Demographic characteristics of dyads with

maternal SCD (N = 40) included self-identification as 42.5% Black and

37.5% Haitian with a mean age 29.5 ± 6.6 years. Among children born

to women with SCD, mean gestational age at birth was 38.77 weeks

and birth weight for most (85%, N = 34/40) was > 2500 g. Gesta-

tional age at birth andbirthweightwerenot significantly different from

controls.

Developmental outcomes in childrenexposed tomaternal SCDcom-

pared to matched controls are shown in Table 2. NDD occurred in 38%

of children born to women with SCD. Those with NDD had delayed

milestones (15% prevalence overall), other developmental speech or

language delay (18%), ADHD (15%), and unspecified delay in develop-

ment (13%). The risk of ADHD was increased in children exposed to

maternal SCD (OR 5.12, 95% CI 1.36–19.19, p = 0.02). A disorder of

physical development occurred in 58% of exposed children. Exposed

children had an increased risk of obesity (OR 2.74, 95% CI 1.10–6.87,

p= 0.03) and decreased risk of abnormal weight loss (OR 0.44, 95% CI

0.21–0.93, p= 0.03).

4 DISCUSSION

Few studies report long-term outcomes of children without SCD with

in utero exposure to SCD. Here, children exposed tomaternal SCD had

higher odds of ADHD and obesity compared to children of matched

controls. Both findings require additional study in larger cohorts. The

overall NDD prevalence in this subset of the BBC (44%) is higher than

a nationally representative sample [10].

ADHD diagnosis was increased in children exposed to maternal

SCD. The mechanisms that mediate this finding are not defined. Chil-

dren who have SCD are at increased risk for ADHD and behavioral

issues in childhood [9], but little research identifies ADHD risk among
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TABLE 1 Characteristics of exposed cases and unexposed controls matched on probability of exposure tomaternal sickle cell disease,
conditional on race, marital status, education, and child’s year of birth

Children exposed tomaternal SCD

(n= 40)

Unexposed controls

(n= 120) p

Maternal age,M (SD) 29.50 (6.58) 28.58 (6.46) 0.441

Child year of birth,M (SD) 2008.70 (2.08) 2008.70 (2.12) 1

Gestational age, mean (SD) 38.77 (1.75) 37.71 (3.58) 0.075

Education, n (%) 0.541

Elementary school 1 (2.5) 0 (0.0)

Secondary school 7 (17.5) 20 (16.7)

High school/GED 17 (42.5) 51 (42.5)

Some college 9 (22.5) 30 (25.0)

College degree and above 6 (15.0) 19 (15.8)

Marital status, n (%) 0.851

Married 15 (37.5) 40 (33.3)

Divorced 2 (5.0) 5 (4.2)

Single 23 (57.5) 75 (62.5)

Race or ethnicity, n (%) 0.997

Black 17 (42.5) 52 (43.3)

White 1 (2.5) 3 (2.5)

Hispanic 4 (10.0) 13 (10.8)

Haitian 15 (37.5) 45 (37.5)

Other 3 (7.5) 7 (5.8)

Maternal smoking, n (%) 0.265

Never 37 (94.9) 101 (84.9)

Some 1 (2.6) 9 (7.6)

Continuous 1 (2.6) 9 (7.6)

Child sex, n (%) 0.713

Female 21 (52.5) 69 (57.5)

Male 19 (47.5) 51 (42.5)

Birth weight, n (%) 0.452

>2500 g 34 (85.0) 91 (77.8)

<2500 g 6 (15.0) 26 (22.2)

children without SCD who are exposed to maternal SCD. Maternal

SCD may change the in utero environment and affect fetal neurode-

velopment. Maternal anemia and inflammation are associated with

childhood ADHD [2, 11]. Maternal chronic illness is also associated

with developmental disorders. The increasedADHDrisk observedmay

reflect social and/or environmental consequences of having a parent

with a chronic disease [12]. Children born tomothers with SCDmay be

more likely to be exposed to pain medications such as paracetamol or

opioids in utero. These analgesics are associated with increased risk of

ADHD in the larger BBC cohort [7, 13].

Children exposed to maternal SCD also had increased risk of

obesity and decreased risk of abnormal weight loss compared to

controls. Unexamined factors that increase obesity risk in this

population may help explain why children were less likely to be diag-

nosed with abnormal weight loss. Although IUGR may be a risk factor

for obesity [3], this outcome alone would not explain our findings as

cases and matched controls had equal proportion of infants with low

birth weight (Table 1). One plausible explanation for increased risk

of obesity in children exposed to maternal SCD is that individuals

with SCD are hypermetabolic, and children born to mothers with

SCD may grow up in a calorie rich food environment [14]. Ultimately,

this observational study cannot identify causal factors of obesity

risk in children born to women with SCD, and more research is

needed.

Suggestive differences in neurodevelopment and physical devel-

opment were identified in this cohort between children exposed to

maternal SCD and matched controls. Understanding the extent to

which in utero exposures constitute risks for future child development
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TABLE 2 Risk of physical and cognitive developmental diagnoses in cases exposed tomaternal SCD compared to unexposed, matched controls

Cases

(n= 40)

Controls

(n= 120)

OR

(95%CI) p-Value

Physical development

Any abnormality 23 79 0.70 (0.34–1.46) 0.34

Abnormal loss of weight 15 69 0.44 (0.21–0.93) 0.03

Obesity 10 13 2.74 (1.10–6.87) 0.03

Failure to thrive 6 18 1.0 (0.37–2.72) 1

Neurodevelopment

Any abnormality 15 55 0.71 (0.34–1.48) 0.36

Delayedmilestones 6 34 0.44 (0.17–1.16) 0.10

Other developmental speech or language delay 7 38 0.46 (0.19–1.17) 0.11

Attention deficit disorder with hyperactivity 6 4 5.12 (1.36–19.19) 0.02

Unspecified delay in development 5 25 0.54 (0.19–1.53) 0.25

Significant associations (p< 0.05) are bolded.

is important because some exposures are modifiable for women with

SCD. For example, if maternal anemia or opioid use do constitute risks

for ADHD in this population, interventions like chronic red cell transfu-

sion therapy can be used to prevent fetal exposure tomaternal anemia

[15]. Transfusion also helps reduce pain during pregnancy and might

help limit opioid exposure.

There are limitations to this study. The study sample size is small

and our conclusions cannot be definitive. Larger studies are required

to validate the association seen here between maternal SCD and

abnormal child development.We present data frommothers with SCD

identified by at least one ICD-9-CM code for SCD. Ideally, individu-

als with SCD are identified by multiple SCD-related ICD-9-CM codes

[8]. Reliance on ICD-9 codes may lead to misclassification error. This

study also has several strengths. It leverages a unique resource to

obtain preliminary data about unaffected children exposed tomaternal

SCD, a population about whom very little is known. We used propen-

sity score matching for control subjects and match for race alongside

variables that address social context. Even if SCD-specific registries

are updated to contain developmental outcomes for offspring, mean-

ingful comparator groups without maternal SCD exposure will be

necessary.

This study may serve as a springboard for future studies of women

with SCD and their unaffected offspring. This information would be

relevant to hematologists caring for pregnant women with sickle cell

disease and pediatricians caring for their children. These studies are

needed to define the physical and neurodevelopmental risks for this

vulnerable and understudied population of women and children.
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