
Sociodemographic and biomedical correlates of developmental 
delay in two- and four-year-olds with sickle cell disease

Jeffrey Schatz, Ph.D., Laura Reinman, Ph.D., Sarah Bills, M.A., Julia Johnston, M.A.
Department of Psychology, University of South Carolina, Columbia, SC

Abstract

Background: Developmental delay occurs frequently in sickle cell disease (SCD). Psychosocial 

and biomedical factors contribute to delays, but most studies have not examined the timing of 

risk factors and developmental delay. We examined sociodemographic and biomedical factors to 

evaluate if risks for developmental delay differed across two developmental periods.

Methods: We examined Ages and Stages Questionnaire, 2nd edition (ASQ-2) outcomes in two-

year-olds (n = 100) and four-year-olds (n = 101) with SCD. ASQ-2 data was obtained from 

routine developmental screenings administered as part of health care between 2009 and 2016 at 

a single hematology clinic. Medical record reviews were used to identify sociodemographic and 

biomedical factors associated with positive screenings for developmental delay.

Results: Two-year-olds with positive ASQ-2 screenings (n = 32; 32%) were less likely to have 

private health insurance or to have been in formal daycare and more likely to have a severe 

SCD genotype. Four-year-olds with positive screenings (n = 40; 40%) were more likely to have 

a severe SCD genotype or an abnormal transcranial doppler ultrasound (TCD) exam indicating 

high stroke risk. The strength of the association between positive screenings and insurance status, 

severe genotypes, and TCD exams differed across the two age groups. Domain-level outcomes on 

the ASQ-2 also differed across the two age groups.

Conclusion: The cross-sectional data indicate biomedical and psychosocial risks are related to 

developmental delay, but the association with specific risk factors differs across age.
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Developmental delay occurs at a high rate among young children with sickle cell disease 

(SCD) with rates across published reports ranging from ~7–11% in 12-month-olds to 

~46–50% in three-year-olds.1–3 The risk factors associated with developmental delay have 

varied across studies, but include parental socioeconomic status, the quality of parent-child 

interactions and home environment, male gender, cerebral blood flow velocity (related to 

stroke risk), hospitalizations for vaso-occlusive pain episodes, and having a severe sickle 

cell genotype.2–6 One limitation of most reports has been a lack of testing for age-specific 
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associations with developmental risk and protective factors. The specific factors and their 

strength of impact may differ depending on the child’s age. The goal of the present 

report was to assess the association of sociodemographic and biomedical risk factors with 

developmental delay in two-year-olds and four-year olds with SCD.

Sickle cell disease is a genetic blood disorder that leads to the production of abnormal 

(S-type) hemoglobin.7 S-type hemoglobin has decreased oxygen-carrying capacity, has a 

shortened lifespan, and its cell wall undergoes changes under low oxygen concentration that 

makes the cells more viscous and gives the cells the “sickled” shape. These “sickled” cells 

more easily clump together to potentially block the microvascular supply and irritate the 

lining of blood vessels. Additionally, they are identified by the spleen as foreign bodies 

to be removed from the bloodstream, which adds further to anemia and taxes the immune 

system. The extent of abnormal hemoglobin production differs across specific genotypes 

that lead to SCD. Severe SCD genotypes (e.g., homozygous S (HbS/S), sickle cell beta-zero 

thalassemia (HbS/β-thal0)) lead to a range of morbidities that vary from case-to-case, but 

include cerebrovascular complications, sleep disordered breathing, pain episodes, anemia, 

and decreased immune function.7 There are also other relatively common genotypes of 

moderate severity (e.g., sickle cell hemoglobin C (HbS/C), sickle cell beta-plus thalassemia 

(HbS/β-thal+)). Moderate genotypes are associated with variable, but typically milder or 

less frequent issues with pain episodes, anemia, and decreased immune function. Moderate 

genotypes have low rates of cerebrovascular complications in childhood relative to severe 

genotypes.8–9

The timing of measurement may be important for understanding how risk and protective 

factors impact developmental delay in SCD. For example, among social environmental 

factors exposure to poverty and the associated impacts on parent-child relationships has a 

differing degree of impact on child outcomes across developmental periods.10–11 There are 

also age-related differences in the likelihood of biomedical impacts on development. Fetal 

hemoglobin typically decreases in production over the first two years of life; the production 

of fetal hemoglobin provides some protection from morbidity since it inhibits the “sickling” 

of S-type hemoglobin and reduces the severity of SCD.12 Silent cerebral infarction (cerebral 

injury without clinical indications of stroke) begins to occur in the first two years of life in 

SCD and the prevalence increases steadily with older age .13–14 Thus, social-environmental 

and biomedical risk factors should be examined in an age-dependent manner.

In a prior study we examined outcomes of developmental screenings for 77 four-year-olds 

to test a hypothesis regarding syntactic processing and working memory skills as indicators 

of early cerebrovascular risk in sickle cell disease.6 In that study children with severe 

genotypes or abnormal TCD exams (indicating stroke risk) showed lower scores for a 

measure of syntactic processing and working memory than children with moderate-severity 

genotypes or normal TCD exams, respectively. Contrary to our expectations, a similar 

pattern of findings was observed for outcomes on the Ages and Stages Questionnaire, 

2nd edition (ASQ-2), a general screening tool for developmental delay. Positive ASQ-2 

screenings were also noted to occur predominantly in the fine motor domain. The screening 

measure assessing syntactic processing and working memory was only available in a subset 

of the children screened at four years of age. In the present report we examined ASQ-2 
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outcomes in the full sample of four-year-olds who completed screenings and compared these 

data to ASQ-2 outcomes for two-year-olds who participated in the same developmental 

screening program.

The first goal of the present study was to examine specific risk factors associated with 

positive developmental screenings on the ASQ-2 within two-year-olds and four-year-olds. 

Given that many risks to child development cluster together, we also examined risk 

factors within each age group through multivariate analyses to identify associations with 

developmental screening outcomes that statistically control for overlapping variance among 

risk/protective factors. Second, we directly compared risk factors across groups to determine 

if the effects differed in magnitude across age groups. Finally, we compared which 

behavioral domains were leading to positive screenings across the two age groups.

Methods

Participants

The dataset for this study included two-year-olds (ages 24–35 months) and 101 four-year-

olds (48–59 months) with SCD (confirmed by hemoglobin electrophoresis) who completed 

developmental screenings as part of their routine care at a pediatric hematology specialty 

clinic in the Southeastern United States between January 2010 and December 2016. 

Screenings were offered as part of routine care for all children and completed at the clinic 

either before or after the medical appointment.

Measures

Ages and Stages Questionnaire, 2nd edition (ASQ-2).—The ASQ-2 is a parent-

reported developmental screening questionnaire for children ages 4 to 60 months designed 

to identify children who may have developmental delays.15 Parents rate whether the child 

demonstrates specific developmental milestones (“yes”, “sometimes”, “no”) in the domains 

of Communication, Gross Motor, Fine Motor, Problem Solving, and Personal-social. Parents 

are encouraged to directly test items that they are uncertain about and provided with 

materials to do so. Norm-referenced cut-off scores are used to identify positive screenings 

at the domain-level based on the total score for each domain. In our method, we also 

attempt to directly test milestones from domains with positive screenings that the parent has 

not directly tested as an additional check on positive screenings. If children with positive 

screenings based on parent ratings do not cooperate with our attempt to test the milestone, 

we continue to consider it a positive screening. There are age-specific forms based on 

the chronological age of the child. The ASQ-2 has excellent reliability (r > .90) based on 

test-retest and inter-rater reliability as described in the test manual. Convergent validity with 

developmental assessments is also reported in the ASQ-2 manual with an overall agreement 

of 83%.

Medical Chart Review.—Details of the patient’s demographic characteristics, childcare 

history, routine blood lab data, history of disease complications, and developmental 

screening results were obtained through medical chart review using a medical chart coding 

sheet to provide a structured form for the review of electronic and paper medical charts. 
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Inter-rater reliability using a second coder has indicated kappa values of .88 to 1.0 for the 

variables coded with a median kappa of .97. Information on age at screening, gender, race/

ethnicity, rural residence, and insurance status were collected for demographic descriptors. 

Race/ethnicity codes from the medical records were based on U.S. census categories. Rural 

residence was categorized based on zip code data from the Federal Office of Rural Health 

Policy, which provides zip codes in which more than 50% of the population resides in either 

a Non-Metro County and/or a rural Census Tract.16

Parents of preschool age children are asked routinely at medical appointments about the 

form of childcare currently being used by the family and this is noted in the medical 

record. Within the medical record, professional childcare provided outside of the home 

is referred to as “daycare” for children less than 48 months of age. For four-year-olds, 

professional childcare outside of the home is referred to as “preschool” (private childcare 

centers) or “4K kindergarten” (a public-school program offered in the state for children 

who have not yet begun 5K kindergarten). Within the state, 4K kindergarten serves both 

children with identified risk factors and children without such risk factors who enroll in 

available slots. However, clinicians reported being uncertain of whether they consistently 

differentiated between private and public childcare for this age range. We therefore refer to 

both “preschool” and “4K kindergarten” as a single category termed “preschool.”

Specific sickle cell genotypes were recorded and then dichotomized as either severe or 

mild-moderate.7 Hemoglobin, white blood cell counts, and platelet counts were recorded 

from the routine blood lab data collected for the health maintenance visit at which the 

screening took place. History of hospitalizations over the past 12 months (sickle cell related 

or other causes) and prior treatment with therapeutic levels of hydroxyurea or chronic blood 

transfusion therapy was recorded.

TCD exams were completed by all patients with severe genotypes within the previous 12 

months of the screening to assess for stroke risk. Outcomes of TCD exams were based on 

the STOP protocol method.17 Abnormal exams are based on confirming an abnormal TCD 

screening with a second TCD exam. Occasionally, magnetic resonance angiography (MRA) 

was collected before the second TCD exam and chronic transfusion therapy to prevent stroke 

was started based on MRA results showing vessel occlusion; these cases were counted 

as abnormal TCD outcomes. Two children with abnormal TCD exams had concurrently 

completed the developmental screening and were not yet on chronic transfusion therapy. 

One child with an abnormal TCD exam was not on transfusion therapy due to objections 

based on religious beliefs and was started on hydroxyurea therapy. Children with mild or 

moderate genotypes do not receive TCD exams due to the rarity of stroke in these genotypes 

and all these cases were automatically coded as not having an abnormal TCD.

All children receive screenings for sleep apnea as part of routine hematologic health 

maintenance visits and children with positive screening results were referred for overnight 

polysomnography at a dedicated sleep lab (n = 18). The outcome of the overnight 

polysomnography exam was recorded to identify history of known sleep apnea based on 

standardized methods.18 Finally, raw and norm-based cut-off scores from the ASQ-2 were 

recorded from medical records.
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Procedures

Appropriate institutional board approval was obtained prior to medical chart review. After 

patients participated in a developmental screening, one of four coders reviewed the patients’ 

electronic and paper charts to record study data as the primary coder. A second coder 

independently coded data for a random sample of 25% of the cases to compute reliability.

The ASQ-2 was collected as part of developmental screenings offered to parents for 

children at ages 24–35 months or 48–59 months to generally conform to recommended 

developmental screenings at ages 24 or 30 months and four years of age.19 Screenings 

were performed in the context of the child’s routine hematological health maintenance 

appointments.

Psychologists or doctoral-level psychology students with training in child and family 

assessment completed the screenings. Depending on parent preferences, screenings were 

conducted either before or after the child’s physical examination by the hematologist. 

Parents completed the ASQ-2 either in the waiting room of the clinic while accompanied 

by their child or in the psychology office located within the hematology clinic while 

accompanied by their child. Parents were encouraged to complete items that they were 

confident they could rate and told to leave blank items they were unsure of how to rate. A 

psychology staff person would review the ASQ-2 with the parent to determine if there were 

any difficulties completing items. If parents were unsure of how to complete items, materials 

were provided to test the item with the child (e.g., given a pair of safety scissors and asked to 

cut paper). The screening measures were then scored. For domains with positive screenings 

we would determine if the parent directly tested the items, and if they did not, the examiner 

would attempt to have the child demonstrate the behavioral milestone(s) that led to a positive 

screen. Feedback about the results was provided to the parent.

For the ASQ-2, each domain has a cut-off score for a positive screening within that domain 

(a raw score 1.5 standard deviations below the mean score for the age group). Children 

with one or more positive domain-level scores are categorized as having a positive ASQ-2 

screening for developmental delay. If a positive ASQ-2 screening occurred, two follow-up 

procedures were used. First, parents were given tip sheets for developmentally appropriate 

activities to promote development in the area of concern and the types of activities were 

reviewed with the parent. Second, sources of appropriate developmental services were 

reviewed with the parent and information about these services and/or a direct referral was 

provided depending on parent preferences.

Data Analyses

Potential risk/protective factors for positive screenings (i.e., age at screening, gender, race/

ethnicity, rural residence, private health insurance, attending a formal daycare program, 

attending a formal preschool program, genotype severity, hospitalizations in past 12 months, 

hydroxyurea treatment, sleep apnea diagnosis, abnormal TCD exam) were first examined 

via correlation coefficients within each age group to assess for univariate associations. 

Given that screening outcomes were a dichotomous variable, Phi coefficients were computed 

for categorical risk/protective factors and point-biserial correlations were computed for 
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continuous risk/protective factors. For continuous variables, scatterplots for each correlation 

were reviewed visually to assess for outliers that might exert undue influence.

Multiple regression was used to evaluate all risk/protective factors that showed univariate 

associations with positive ASQ-2 screenings to determine if they showed a unique 

association with ASQ-2 outcomes. Collinearity diagnostics and residual statistics were 

examined for regression models to assess the appropriateness of each model for 

interpretation. For collinearity, condition index values of 15 or higher was set a priori as 

an indication of a problem with collinearity. Standardized residuals with a value greater than 

3.0 was set as the a priori indication of a problem with outliers.

For risk/protective factors that showed univariate associations with ASQ-2 outcomes in 

either age group, we assessed if the degree of association differed between two-year-olds 

and four-year-olds using log linear analyses. Finally, we assessed for age-related differences 

in which ASQ-2 domain was rated as delayed through chi-square and Fisher’s Exact tests. 

We set an alpha level of .05 for all analyses. Effect size estimates were provided via the 

correlation coefficients.

Results

Sample characteristics

The dataset for this study included 100 two-year-olds (M = 2.5 years; SD = 0.3) and 101 

four-year-olds (M = 4.5 years; SD = 0.4). Descriptive data for the study sample is provided 

in Tables 1 & 2. All children were listed in the medical record as Black/African-American 

for race/ethnicity. Seventy-seven of the four-year-olds were described in a previous report.6 

In the prior report we noted that 100 four-year-olds were screened in this time frame; 

however, we subsequently identified one four-year-old child who received an ASQ-2 

screening but was categorized as “not-screened” in the previous data set. One-hundred-

twenty-eight two-year-olds (ages 24–35 months) and one-hundred thirty-two four-year-olds 

(ages 48–59 months) with SCD were seen for routine health maintenance visits during 

the study time frame (77% participation rate). Lack of time was the most common reason 

reported by parents for refusing the screening. The overall rate of positive ASQ-2 screenings 

was 32% (32/100) for two-year-olds and 40% (40/101) for four-year-olds, Fisher’s Exact 

p = .304. Among those with positive screenings, the examiners were unable help confirm 

the results with direct behavioral testing in six of the two-year-olds (19%) and four of the 

four-year-olds (10%), Fisher’s Exact p = .323.

Univariate associations between risk/protective factors and the ASQ-2

Univariate associations with ASQ-2 outcomes are shown in Table 3. For two-year-olds, 

children were less likely to have positive screenings for developmental delay if their parents 

had private health insurance or if they had attended professional daycare; they were more 

likely to have positive screenings if they had a severe SCD genotype. Among two-year-olds 

the association between ASQ-2 outcomes and gender was in the direction of females being 

more likely to have a positive screening, but this association was not statistically significant 

(p = .093). For four-year-olds, children were more likely to have a positive screening if they 
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had a severe SCD genotype or had an abnormal TCD exam indicating elevated stroke risk. 

Among four-year-olds the association between ASQ-2 outcomes and insurance status was 

in the same direction as for the two-year-olds, but not statistically significant (p = .099) 

and hospitalizations in the past year showed a similar degree of association with having a 

positive screening (p = .072).

Multivariate analysis of risk/protective factors

For the multiple regression analysis with two-year-olds, ASQ-2 screening outcome was the 

dependent variable and insurance status, professional daycare, and having a severe genotype 

were included as the independent variables. The overall regression model was statistically 

significant, F(3, 96) = 6.37, p = .001, R2 = .166. Having private health insurance, β = −.283, 

t(96) = −2.94, p = .004, and attending professional daycare, β = −.240, t(96) = −2.55, p 
= .012, each accounted for independent variance in ASQ-2 outcomes and were associated 

with a lower likelihood of a positive screening. Having a severe genotype did not show a 

statistically significant association with ASQ-2 outcomes after statistically controlling for 

other variables in the regression, β = .163, t(96) = 1.71, p = .090.

For the multiple regression with four-year-olds, ASQ-2 screening outcome was the 

dependent variable and having a severe genotype and having an abnormal TCD exam were 

included as the independent variables. This analysis is important given that all abnormal 

TCD exams are among children with severe genotypes. The overall model was statistically 

significant, F(2, 98) = 9.87, p = .0001, R2 = .168. Having a severe SCD genotype, β = .272, 

t(98) = 2.90, p = .005, and having an abnormal TCD exam, β = .258, t(98) = 2.75, p = .007, 

each increased the likelihood of a positive ASQ-2 screening outcome, indicating each factor 

accounted for unique variance in ASQ-2 screening outcomes after statistically controlling 

for shared variance.

Differences in the magnitude of associations across age groups

Loglinear analyses were run to examine if there were three-way interactions between age-

group, positive screening outcomes, and risk/protective factors related to screening outcomes 

(i.e., having private health insurance, attending professional daycare, having a severe SCD 

genotype, having a positive TCD exam). The three-way loglinear analysis for insurance 

status (private insurance, no private insurance), ASQ-2 outcome (positive, negative), and 

age group (two-year-olds, four-year-olds) indicated that the three-way interaction was 

statistically significant, G2 (4) = 14.27, p = .006. To break down this effect (and for 

subsequent analyses below), separate chi-square values for the combinations of the weighted 

logarithms were examined to determine the nature of the three-way interaction. The three-

way interaction was due to a significant interaction between insurance status and screening 

outcomes among two-year-olds, G2 (1) = 10.31, p = .001, whereas none of the other 2X2 

effects were statistically significant (all p’s > .08), indicating having private insurance was 

more strongly related to negative screening outcomes for two-year-olds than for four-year-

olds. The three-way loglinear analysis for professional daycare (attended, never attended), 

ASQ-2 outcome (positive, negative), and age group (two-year-olds, four-year-olds) did not 

show a significant three-way interaction, G2 (4) = 9.16, p = .057; therefore, potential 

age-related differences in these associations were not further examined.
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The three-way loglinear analysis for genotype (severe genotype, mild-moderate genotype), 

ASQ-2 outcome (positive, negative), and age group (two-year-olds, four-year-olds) indicated 

a statistically significant three-way interaction, G2 (4) = 17.50, p = .002. Separate chi-square 

analyses indicated the only statistically significant effects were for the interaction between 

genotype and screening outcomes among two-year-olds, G2 (1) = 5.20, p = .023, and among 

four-year-olds, G2 (1) = 11.06, p = .001 (all other p’s > .19), indicating the strength of the 

effect differed across the two age groups with a stronger association between having a severe 

genotype and a positive screening among four-year-olds.

The three-way loglinear analysis for abnormal TCD exams (abnormal TCD; no abnormal 

TCD), ASQ-2 outcome (positive, negative), and age group (two-year-olds, four-year-olds) 

indicated that the three-way interaction was significant, G2 (4) = 18.93, p = .001. Separate 

chi-square analyses indicated the only statistically significant effect was for the interaction 

between an abnormal TCD exam and screening outcomes among four-year-olds, G2 (1) = 

11.70, p = .001 (all other p’s > .07), indicating the effect differed across the two age groups.

ASQ-2 domain-level outcomes

To clarify if there were domain-level differences in outcomes across the two age-groups, we 

compared the rate of positive domain-level outcomes (Communication, Gross Motor, Fine 

Motor, Problem Solving, Personal-social domains) between the two groups (two-year-olds, 

four-year-olds) with a Pearson chi-square test. These data are in Table 4. The analysis 

indicated the rate of positive domain scores differed across groups, Χ2 (1) = 11.25, p = .001. 

Examination of standardized residuals for each cell indicated the only cell with an absolute 

residual of 1.5 or greater was the Personal-social domain for two-year-olds (standardized 

residual = 2.04), indicating a higher rate of positive domain scores for two-year-olds than 

for four-year-olds. Simple comparisons between age groups for each domain, which is a less 

stringent test for the source of the differences, also showed a higher rate of positive scores 

for the Fine Motor domain in four-year-olds than two-year-olds (see Table 4).

Exploratory analyses were run in which we computed Phi coefficients between the outcome 

for each of the five ASQ-2 domains and the four factors related the overall ASQ-2 

outcomes (i.e., having private health insurance, attending professional daycare, having a 

severe SCD genotype, having a positive TCD exam). The purpose of this exploratory 

analysis was to determine if domain-level ASQ-2 outcomes yielded similar associations as 

the overall ASQ-2 screening outcome. For two-year-olds, having private health insurance 

was correlated with the Problem Solving domain, but in the opposite of the expected 

direction, with a positive correlation indicating a higher risk for a positive score for those 

with private health insurance, r = .20, p = .044. For two-year-olds, having attended private 

day care was associated with a lower risk for a positive screening due to the Personal-social 

domain, r = −.20, p = .047. For four-year-olds, having a severe genotype was associated with 

greater likelihood of a positive domain score for the Fine Motor domain, r = .26, p = .009. 

Finally, for four-year-olds a history of an abnormal TCD exam was associated with a greater 

likelihood of a positive score for the Communication, r = .20, p = .044, Gross Motor, r = .20, 

p = .048, Fine Motor, r = .33, p = .001, and Problem Solving, r = .28, p = .005, domains. 

Overall, specific domains appeared more likely to be related to risk and protective factors 
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within age groups; however, these exploratory analyses are vulnerable to Type I errors and 

yielded one counter-intuitive association.

Discussion

In the present cross-sectional study, we found that sociodemographic factors and biomedical 

factors were both associated with developmental delay in young children with SCD; 

however, the magnitude of the association and statistical significance differed across the 

two age groups studied. Overall, findings were consistent with sociodemographic factors 

showing a larger relationship with developmental delay in two-year-olds and biomedical 

factors showing a larger relationship with delay in four-year-olds. One interpretation of 

the pattern of results is that environmental factors and disease severity both are important 

in 2-year-olds, but with increasing age, the intensification of disease symptoms becomes 

the predominant determinant of developmental delay in 4-year-olds. Caveats to this 

interpretation are discussed below. The results of the present study also may explain, in 

part, the reason for inconsistencies across prior studies in the specific risk/protective factors 

identified in relation to developmental delay in SCD since many studies have included a 

wide age-range of children.

For sociodemographic factors, having a parent with private health insurance or attending 

a professional daycare were each associated with a lower risk for developmental delay 

among two-year-olds. The direction of the association was consistent with these variables 

functioning as protective factors. The strength of the association between insurance status 

and developmental delay was significantly different across the two age groups with 

only two-year-olds showing a statistically significant association. The association between 

attending professional daycare and developmental delay was also statistically significant in 

the two-year-olds, but no age differences in the magnitude of this effect was observed. It 

is possible that both variables are surrogate markers for socioeconomic status or alternately 

that daycare may provide age-appropriate developmental experiences that mitigate the risk 

for developmental delay. Professional daycare centers are used most often by parents who 

are working full-or part-time outside of the home such that this could be a surrogate marker 

for families in which all adults in the household work outside the home.20 The potential 

for age-appropriate developmental experiences in professional childcare settings to serve 

as a protective factor is another possibility, although the extent to which daycare serves 

as a protective factor is dependent on the quality of care.21 The observed associations are 

consistent with prior studies indicating socioeconomic status and the social environment 

impact the risk for developmental delay in SCD.4,22

The failure to observe any specific sociodemographic relationships with developmental 

delay in four-year-olds should not be taken to imply that social-environmental factors are 

not relevant at this age. The present study relied on sociodemographic factors that could be 

extracted from the medical record, such as a binary measure of socioeconomic status, which 

captures limited variability in this dimension. The social indicators available also provided 

only a limited window into the full range of social-environmental factors that are important 

for early childhood development, which is a study limitation. There are a wide range of 

negative (e.g., child abuse/neglect, parent stress, low parent mental health, parent substance 
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abuse) and positive (parent education, cognitive stimulation in the home) features of the 

social environment which were not included in the present study that are well established 

risk/protective factors for developmental delay across early childhood.23–24 Although these 

risk and protective factors often are related to socioeconomic status, they also account for 

differences in child outcomes independent of this association. However, the increasing rate 

of cerebrovascular complications with age in SCD also represents a different context within 

which to evaluate social-environmental factors compared with studies of children without 

such neurologic risks.

For biomedical variables, having a severe genotype was associated with a higher risk for 

developmental delay at both ages and having an abnormal TCD exam was associated with an 

elevated risk for developmental delay in four-year-olds. It is notable that the overall rate of 

positive ASQ-2 screenings was not significantly higher in four-year-olds than two-year-olds, 

but the factors associated with the positive screenings were significantly different for the 

two age groups. This data pattern suggests a shift in the predominant risk/protective factors 

for developmental delay across the two ages, rather than progressive disease effects simply 

being added to ongoing social-environmental risks.

Having a severe genotype did not show an association with developmental delay in the 

multivariate analysis of risk/protective factors for two-year-olds, but these two variables 

were associated in the bivariate correlations. We suspect that this may be due, in part, to a 

sampling factor since there was an over-representation of two-year-olds with mild-moderate 

genotypes whose parents had private health insurance (see Table 2). This over-representation 

could lead to shared variance between these factors, lessening our ability to detect unique 

associations. Thompson and colleagues also found an association of severe genotypes with 

lower Mental Development and Psychomotor Development scores in 24-month-olds with 

SCD using the Bayley Scales of Infant Development- II.3 Alternately, prior studies of 

children less than four years of age have failed to detect an association between severe 

genotypes and developmental delay with sample sizes comparable to the present study.2,5 

The inter-correlation of insurance status and genotype in the present study may have created 

a spurious univariate relationship among two-year-olds. Overall, the body of research to-date 

does not suggest that SCD genotype severity is a reliable marker of risk for developmental 

delay in very young children. Additional genetic disease modifiers or phenotypic indicators 

of biomedical risk should be examined in future research.

The finding of a statistically significant increase in the association between severe genotypes 

or abnormal TCD exams with developmental delay in four-year-olds compared with two-

year-olds is consistent with the concept that the increased prevalence of cerebrovascular 

effects over time is a key factor in developmental delays.22 Although other medical factors, 

such as hospitalizations for pain episodes, have also been described as risk factors for 

developmental delay these associations have replicated less often across studies, whereas 

risks for cerebrovascular disease or identified cerebrovascular disease have been more 

consistently related to developmental or cognitive delay in preschoolers and school-age 

youth.22 Thus, the absence of statistically significant findings for biomedical variables in 

two-year-olds may reflect the low rate of cerebrovascular effects at younger ages.
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It may also be that general developmental screening or assessment tools are not sensitive 

to the behavioral effects of cerebral vascular disease in infants and toddlers. Data has 

indicated that developmental delay based on the Bayley Scales of Infant Development- II 

was not typically evident in infants and toddlers with silent cerebral infarction, but high 

rates of cognitive deficits (70%) and academic difficulties (75%) became evident when these 

children were followed over time.25–26 A caveat for all findings related to abnormal TCD 

exams in the present study is that the results are based on a small number of children with 

abnormal TCD exams. In addition, the study did not have sleep studies available for all 

participants and only a small proportion of the cases had been treated with hydroxyurea. 

Thus, the null findings for sleep apnea and hydroxyurea treatment may reflect characteristics 

of our data set, rather than the underlying nature of these as risk and protective factors.

Research on developmental delay and neurocognitive deficits in SCD has often studied 

groups of children that are heterogenous in age and therefore examined risk and protective 

factors as if they are constant across different points of development. This is understandable 

given the relative rarity of SCD but may contribute to inconsistent ability to identify 

important risk and protective factors. The results of the present study indicate that risk 

and protective factors for developmental delay in SCD differ in their magnitude across 

timepoints in early childhood. Future studies should consider longitudinal monitoring of the 

stability or change in developmental status to understand factors associated with failure to 

make typical developmental progress or the amelioration of delays. Evaluating modifiable 

risk and protective factors at specific ages would be useful for testing prevention approaches. 

For example, the current study suggests a focus on social environmental factors may be 

of primary importance early in development (e.g., parenting interventions for toddlers) 

with increasing importance of interventions to reduce neurologic risk as toddlers become 

preschoolers.27–29
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Table 1.

Descriptive Information for Study Sample.

Variable Two-year-olds
(n = 100)

Four-year-olds
(n = 101)

Test statistic^

Demographics

 Gender (M:F) 61:39 (61% Male) 67:34 (66% Male) p = .465

 Private health insurance (n) 19 (19%) 21 (21%) p = .860

 Rural residence (n) 29 (29%) 36 (36%) p = .366

Childcare history

  Attended professional daycare (n) 21 (21%) 31 (31%) p = .147

Clinical History

  Severe SCD genotype (n) 67 (67%) 64 (64%) p = .658

   -HbS/S (n)~ 65 62

   -HbS/C (n) 24 25

   -HbS/β+-thalassemia (n) 7 12

   -HbS/β0-thalassemia (n) ~ 1 1

   -HbS/O-Arab (n) ~ 1 1

   -HbS/HPFH (n) 1 0

  Hospitalizations in past year 0.8 ± 1.15 0.8 ± 1.0 t(199) = −0.21

  Hydroxyurea treatment (n) 9 (9%) 16 (16%) p = .199

  Sleep apnea diagnosis (n) 2 (2%) 11 (11%) p = .018

  Abnormal TCD exam (n) 1 (1%) 6 (6%) p = .118

Routine blood labs

 Hemoglobin (gr/dL) 9.1 ± 1.6 9.2 ± 1.6 t(199) = 0.50

 White blood cells (k/uL) 13.5 ± 9.1 12.4 ± 4.8 t(199) = −1.08

 Platelets (k/uL) 352.2 ± 134.3 396.8 ± 162.3 t(199) = 2.12*

Notes: Continuous variables are presented as M ± SD.

^
p-values are for the Fisher Exact test;

~
categorized as a severe genotype7; TCD = transcranial doppler ultrasound;

*
p < .05
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Table 3.

Correlation coefficients for positive ASQ-2 screenings in relation to sociodemographic and biomedical 

variables.

Variable Two-year-olds(n = 100) Four-year-olds(n = 101)

Sociodemographic

 Age^ −.15 −.06

 Gender −.17 −.11

 Private health insurance −.29** −.17

 Rural residence .07 .07

 Attended professional daycare (birth to 47 months) −.20* −.10

 Attended professional preschool (48 to 59 months) n.a. −.07

Biomedical

 Severe SCD genotype .22* .32**

 Hospitalizations past 12 months^ .02 .18

 Hydroxyurea treatment .08 .15

 Sleep apnea diagnosis .05 .17

 Abnormal TCD exam .14 .31**

Notes: Screening outcomes were coded with 0 as a negative screen and 1 as a positive screen; Associations are described in Phi values except when 
noted;

^
Point-biserial correlation;

*
p < .05;

**
p < .01; TCD = transcranial doppler ultrasound
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Table 4.

Number of positive domain-level scores on the ASQ-2

Domain Two-year-olds(n = 100) Four-year-olds(n = 101) Fisher Exact

Communication 11 (11%) 19 (19%) p = .165

Gross Motor 9 (9%) 10 (10%) p = .999

Fine Motor 11 (11%) 26 (26%) p = .010

Problem Solving 12 (12%) 13 (13%) p = .999

Personal-social 13 (13%) 4 (4%) p = .024

Notes: The totals within each column are higher than the total number with overall positive ASQ-2 screenings due to some children having positive 
screenings in more than one domain.
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