
©2003 by Jeffrey C. Schatz, Department of Psychology, University of South Carolina 
Available at URL:  http://www.cla.sc.edu/PSYC/pdfdocs/SCDachievement.pdf 

Academic achievement in children with sickle cell disease: a 
meta-analysis 

 
Jeffrey Schatz, Ph.D. 

Department of Psychology, University of South Carolina 
 

Objective: To assess the impact of sickle cell disease (SCD) on academic achievement measures 
via a meta-analysis of published studies.     
Methods: Six published studies were identified that assessed reading decoding and mathematical 
computation skills in children with SCD and no history of stroke as compared to demographically-
matched children without SCD.  Data were pooled based on a grand total of 210 children with 
SCD and 141 comparison children.     
Results: Children with SCD showed lower achievement for reading decoding, but not 
mathematical computation ability.  Reading decoding scores were on average approximately 6 
standard score points below the comparison group, whereas math scores were less than 2 standard 
score points below the comparison group.     
Conclusions: Children with SCD as a group have specific difficulties with developing reading 
skills.  Recent reports indicating poor development of vocabulary and auditory processing skills in 
children with SCD are consistent with this finding.  Preschool interventions should be developed 
to screen pre-reading skills in children with SCD and to intervene when warranted.  
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 Cognitive functioning has become an important outcome variable for studying the 
functional impact of SCD on the brain (e.g., Armstrong et al., 1996; Bernaudin et al., 2000; 
Brown et al., 1993, 2000; DeBaun et al., 1998; Hariman et al., 1991; Steen et al., 1999, 2003; 
Wang et al., 2001).  Decrements in cognitive functioning have been associated with several 
aspects of the disease, including occurrence of overt stroke (Armstrong et al., 1996; Bernaudin et 
al., 2000; Brown et al., 2000; Hariman et al., 1991), the presence of silent cerebral infarcts 
(Armstrong et al., 1996; Bernaudin et al., 2000; Brown et al., 2000; DeBaun et al., 1998), or 
lower hematocrit levels (Bernaudin et al., 2000, Brown et al., 1993; Steen et al., 1999, 2003).  

Psychometric tests of academic skills are also frequently used as a functional outcome 
measure to determine if disease effects are impacting learning in school.   Individually 
administered academic skills tests have been used most often (Armstrong et al., 1996; Brown et 
al., 1993, 2000; Devine et al., 1998; Fowler et al., 1988; Wang et al., 2001), although group 
administered tests have also been used (Fowler et al., 1985; Richards & Burlew, 1997).   Studies 
comparing children with SCD and no history of stroke to peers without SCD have generally had 
small sample sizes and have come to inconsistent conclusions about group differences.  
Therefore, I conducted the following meta-analysis to determine if meta-analytic procedures 
might aid in interpreting these data.   

 
Method 

Identification of studies 
 PsychLit and Medline databases as of January 2003 were reviewed with the key words 
“sickle cell” combined with each of the following: “academic”, “achievement”, “cognitive”, 
“neuropsychologic”, and “school”.  Thirteen studies were identified that included data on 
academic achievement scores for children with SCD (Armstrong et al., 1996; Brown et al., 1993, 
2000; Devine et al., 1998; Fowler et al., 1985, 1988; Nabors & Freymuth, 2002; Nettles, 1994; 
Noll et al., 2001; Swift et al., 1989; Richards & Burlew, 1997; Wang et al., 2001; Wasserman et 
al., 1991).  Among these studies six had either a demographically-matched sample of siblings or a 
demographically-matched sample of peers (see Table 1). 
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 Mean scores for reading decoding measures and mathematical calculation were available 
from all six studies.  Grand means and pooled standard deviations were computed for each 
academic skills measure in each group with the scores weighted according to the number of 
participants in the study.  Grand means and pooled standard deviations were compared via t-tests.   
 
Table 1. Data from six previous studies examining individually-administered academic achievement tests 
of reading and mathematics in children with sickle cell disease (SCD) compared to demographically 
matched comparison children (Ctrl). 

Study Test N 
SCD, Ctrl 

Reading 
score - 
SCD 

Reading 
score - 

Ctrl 

Difference 
Reading 

Math 
score - 
SCD 

Math 
score - 

Ctrl 

Difference 
Math 

Fowler et al., 1988 WRAT 28, 28 91.6 
(16.5) 

104.3 
(17.1) 

-12.7* 83.9 
(14.8) 

84.3 
(18.4) 

-0.4 

Swift et al., 1989 WJ 24, 21 81.5 
(12.3) 

91.8 
(14.8) 

-10.3* 78.4 
(11.0) 

92.6 
(7.8) 

-14.2* 

Wasserman et al., 1991 WRAT 43, 30 90.3 
(14.7) 

94.3 
(17.7) 

-4.0 82.5 
(13.3) 

86.2 
(16.0) 

-3.7 
 

Brown et al., 1993 K-ABC 70, 18 95.0 
(14.4) 

109.5 
(24.6) 

-14.5* 94.1 
(13.3) 

91.6 
(13.5) 

+2.5 

Noll et al., 2001 WRAT-
R 

31, 31 87.5 
(16.9) 

90.4 
(17.9) 

-2.9 80.9 
(14.5) 

85.5 
(15.0) 

-4.6* 

Nabors & Freymuth, 2002 
 

WRAT-
R 

14, 13 81.3 
(13.3) 

85.1 
(14.1) 

-3.8 82.0 
(11.1) 

89.0 
(20.0) 

-7.0 

Total - - - 210, 141 90.0 
(14.9) 

96.2 
(18.0) 

-6.2a 
 

85.8 
(13.3) 

87.6 
(15.5) 

-1.8b 

Notes: WRAT = Wide Range Achievement Test, WJ = Woodcock-Johnson Tests of Achievement, K-ABC = Kaufman Assessment Battery for 
Children; Comparison groups were siblings except for Fowler, 1988 and Noll, 2001, who used demographically similar classmates. 
*Differences between groups were reported in individual study results.  a p < .001; b n.s. 

 
Results and Discussion 

 
Mean scores for reading were lower for children with SCD than for comparison children, 

t(350) = -3.49, p < .001.  Mean scores for mathematics did not differ, t(350) = -1.13, n.s.  The 
average effect size for reading was d = .382, which was approximately three times larger than the 
effect size for mathematics (d = .127).  An effect size of .382 corresponds to approximately 25% 
non-overlap between the two distributions (Cohen, 1988). 

 The specific difficulty with reading is a different outcome than one might expect based 
on studies within subgroups of children with SCD.   For example, children with silent cerebral 
infarcts appear to have lower performance in mathematics relative to children with SCD without 
infarcts on structural neuroimaging (Armstrong et al., 1996; Wang et al., 2001).  This suggests 
that factors other than focal cerebral vascular injury may be responsible for the effect of SCD on 
reading achievement.  Studies of specific cognitive functions in SCD have identified difficulties 
relative to peers in areas such as vocabulary (Noll et al., 2001; Wang et al., 2001; Schatz et al., in 
press) and auditory discrimination (Steen et al., 2002; Swift et al., 1989) that are key skills for 
acquiring reading proficiency (Lundberg, 2002).  It is possible that these cognitive deficits may 
be related to more diffuse effects of SCD on the brain (Steen et al., 1998, 1999, 2003), rather than 
focal cerebral vascular injury.  Alternately, there may be interactions of the disease with social or 
environmental factors that are responsible for difficulties with reading.  Future studies are needed 
to evaluate these possibilities. 

Cognitive ability (Thompson et al., 2002) and pre-reading skills (Steen et al., 2002) may 
be affected by SCD during the preschool period.  These data along with the current study 
indicating subsequent reading deficits suggest that children with SCD should be screened during 
the preschool years for signs of delays in school readiness skills.  Cost effective early intervention 
programs have been shown to have a significant impact on reading development (Nicolson et al., 
1999), and could be offered to ameliorate this effect on academic achievement.   



 Schatz (2003)      3 

References 
Armstrong, FD, Thompson, RJ, Wang, W, Zimmerman, R., Pegelow, C.H., Miller, S., Moser, F., Bello, J., Hurtig, A., 

& Vass, K. (1996). Cognitive functioning and brain magnetic resonance imaging in children with sickle cell disease. 
Pediatrics, 97, 864-870. 

Bernaudin, F., Verlhac, S., Fréard, F., Roudot-Thoraval, F., Benkerrou, M., Thuret, I., Mardini, R., Vannier, J.P., Ploix, 
E., Romero, M., et al. (2000). Multicenter prospective study of children with sickle cell disease: Radiographic and 
psychometric correlation. Journal of Child Neurology, 15, 333-343. 

Brown, R.T., Buchanan, I., Doepke, K., Eckman, J.R., Baldwin, K., Goonan, B., & Schoenherr, S. (1993). Cognitive 
and academic functioning in children with sickle-cell disease. Journal of Clinical Child Psychology, 22, 207-218.  

Brown, R.T., Davis, P.C., Lambert, R., Hsu, L., Hopkins, K., & Eckman, J. (2000). Neurocognitive functioning and 
magnetic resonance imaging in children with sickle cell disease. Journal of Pediatric Psychology, 25, 503-13. 

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Hillsdale, NJ: Lawrence Earlbaum. 
DeBaun, M.R., Schatz, J., Siegel, M.J., Koby, M., Craft, S., Resar, L., Chu, J.Y., Launius, G., Dadash-Zadeh, M., Lee, 

R.B., & Noetzel, M. (1998) Cognitive screening examinations for silent cerebral infarction in sickle cell disease. 
Neurology, 50, 1678-1682. 

Devine, D., Brown, R.T., Lambert, R., Donegan, J.E., & Eckman, J. (1998). Predictors of psychosocial and cognitive 
adaptation in children with sickle cell syndromes.  Journal of Clinical Psychology in Medical Settings,5, 295-313. 

Eaton M.L., Haye J.S., Armstrong D.F., Pegelow C.H., & Thomas M. (1995). Hospitalizations for painful episodes: 
Association with school absenteeism and academic performance in children and adolescents with sickle cell anemia. 
Issues in Comprehensive Pediatric Nursing, 18, 1-9. 

Fowler, M.G., Johnson, M.P., & Atkinson, M.S. (1985). School achievement and absence in children with chronic 
health conditions. Journal of Pediatrics, 106, 683-687. 

Fowler, M.G., Whitt, J.K., Lallinger, R.R., Nash, K.B., Atkinson, S.S., Wells, R.J., & McMillan, C. (1988). 
Neuropsychologic and academic functioning of children with sickle cell anemia. Developmental and Behavioral 
Pediatrics, 9, 213-230. 

Hariman, L.M.F., Griffith, E.R., Hurtig, A.L., & Keehn, M.T. (1991). Functional outcomes of children with sickle-cell 
disease affected by stroke. Archives of Physical and Medical Rehabilitiation, 72, 498-502. 

Lundberg, I. (2002). The child’s route into reading and what can go wrong.  Dyslexia, 8, 1-13.  
Nabors,N.A. & Freymuth, A.K. (2002). Attention deficits in children with sickle cell disease. Perceptual-and-Motor-

Skills, 95, 57-67. 
Nettles, A.L. (1994) Scholastic performance of children with sickle cell disease. Journal of Health and Social Policy, 5, 

123-140. 
Nicolson, R.I., Fawcett, A.J., Moss, H., & Nicolson, M.K. (1999). Early reading intervention can be effective and cost 

effective.  British Journal of Educational Psychology, 69, 47-62. 
Noll, R.B., Stith, L., Gartstein, M.A., Ris, M.D., Grueneich, R., Vannatta, K., et al. (2001). Neuropsychological 

functioning of youths with sickle cell disease: Comparison with non-chronically ill peers. Journal of Pediatric 
Psychology, 26, 69-78. 

Richard, H.W., & Burlew, A.K. (1997). Academic performance among children with sickle cell disease: Setting 
minimum standards for comparison groups. Psychological Reports, 81, 27-34. 

Schatz, J., Craft, S., Koby, M., DeBaun, M.R. (in press). Asymmetries in visual-spatial processing following childhood 
stroke.  Neuropsychology. 

Steen, R.G., Hu, X.J., Elliott, V.E., Miles, M.A., Jones, S., & Wang, W.C. (2002). Kindergarten readiness skills in 
children with sickle cell disease: evidence for early neurocognitive damage? Journal of Child Neurology, 17, 111-
116. 

Steen, R.G., Miles, M.A., Helton, K.J., Strawn, S., Wang, W., Xiong, X., & Mulhern, R.K. (2003). Cognitive 
impairment in children with hemoglobin SS sickle cell disease: Relationship to MR imaging findings and hematocrit. 
American Journal of Neuroradiology. 24, 382-389. 

Steen, R.G., Reddick, W.E., Mulhern, R.K., Langston, J.W., Ogg, R.J., Bieberich, A.A., Kingsley, P.B., & 
Wang, W.C. (1998).  Quantitative MRI of the brain in children with sickle cell disease reveals 
abnormalalities unseen by conventional MRI.  Journal of Magnetic Resonance Imaging, 8, 535-543. 

Steen, R.G., Xiong, X., Mulhern, R.K., Langston, J.W., & Wang, W.C. (1999). Subtle brain abnormalities in children 
with sickle cell disease: Relationship to blood hematocrit. Annals of Neurology, 45, 279-286.  

Swift, A.V., Cohen, M.J., Hynd, G.W., Wisenbaker, J.M., McKie, K.M., Makari, G., et al. (1989). Neuropsychologic 
impairment in children with sickle cell anemia. Pediatrics, 84, 1077-1085. 

Thompson, R.J. Jr., Gustafson, K.E., Bonner, M.J., & Ware, R.E. (2002). Neurocognitive development of young 
children with sickle cell disease through three years of age.  Journal of Pediatric Psychology, 27, 235-244. 

Wang, W., Enos, L., Gallagher, D., Thompson, R. Guarini, L., Vichinsky, E., Wright, E., Zimmerman, R., & 
Armstrong, F.D. (2001). Neuropsychologic performance in school-aged children with sickle cell disease: A report 
from the Cooperative Study of Sickle Cell Disease. Journal of  Pediatrics, 139, 391-397. 

Wasserman, A.L., Wilimas, J.A., Fairclough, D.L., Mulhern, R.K., & Wang, W.C. (1991). Subtle neuropsychological 
deficits in children with sickle cell disease. American Journal of Pediatric Hematology/Oncology, 13, 14-20. 

 

http://web5.silverplatter.com/webspirs/doLS.ws?ss=Nabors-Nina-A+in+AU
http://web5.silverplatter.com/webspirs/doLS.ws?ss=Freymuth-Angela-K+in+AU

