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                    Abstract

This study evaluated the contribution of prenatal, perinatal, neonatal, and postnatal factors to the prevalence of cognitive disabilities among children aged 2–9 years in Bangladesh. A two-phase survey was implemented in 1987–1988 in which 10,299 children were screened for disability. In multivariate analyses, significant independent predictors of serious mental retardation in rural and urban areas included maternal goiter (rural odds ratio (OR) = 5.14, 95% confidence interval (CI): 1.23, 21.57; urban OR = 4.82, 95% CI: 2.73, 8.50) and postnatal brain infections (rural OR = 29.24, 95% CI: 7.17, 119.18; urban OR = 13.65, 95% CI: 4.69, 39.76). In rural areas, consanguinity (OR = 15.13, 95% CI: 3.08, 74.30) and landless agriculture (OR = 6.02, 95% CI: 1.16, 31.19) were also independently associated with the prevalence of serious mental retardation. In both rural and urban areas, independent risk factors for mild cognitive disabilities included maternal illiteracy (OR = 2.48, 95% CI: 0.86, 7.12), landlessness (OR = 4.27, 95% CI: 1.77, 10.29), maternal history of pregnancy loss (OR = 2.61, 95% CI: 0.95, 7.12), and small for gestational age at birth (OR = 3.86, 95% CI: 1.56, 9.55). Interventions likely to have the greatest impact on preventing cognitive disabilities among children in Bangladesh include expansion of existing iodine supplementation, maternal literacy, and poverty alleviation programs as well as prevention of intracranial infections and their consequences. Further population-based studies are needed to confirm and understand the association between consanguinity and serious cognitive disability. 
                    

child, consanguinity, development disorders, infant, newborn, diseases, mental retardation, nutrition disorders, poverty, prevalence
CI, confidence interval, IQ, intelligence quotient, OR, odds ratio
Cognitive disabilities in childhood are a leading public health problem internationally (1, 2). Their impacts on quality of life and productivity are considerable, not only for affected children but also for families and populations as a whole. In less developed countries where risk factors for childhood disabilities are prevalent and the age structures of populations are weighted toward the young (3), the need for public health initiatives to prevent these disabilities is especially pronounced. Effective prevention, however, requires better information on risk factors and causes than is currently available for populations in the less developed world.
For Bangladesh, we have previously reported the prevalence of mental retardation, defined as cognitive disability occurring early in life and indicated by deficits in intellectual function (intelligence quotient (IQ)) and adaptive behavior among children to be 5.9/1,000 children aged 2–9 years (95 percent confidence interval (CI): 3.4, 8.4/1,000) for serious mental retardation (IQ < 50) and 14.4/1,000 children aged 2–9 years (95 percent CI: 7.8, 21.1/1,000) for mild mental retardation (IQ, 50–70) (4). These prevalence estimates were similar in urban and rural populations sampled. This paper reports the results of an investigation of risk factors for these two classes of mental retardation based on the same national survey of disability in Bangladesh that was used previously to estimate prevalence. The goal of this investigation was to identify factors from successive epochs of fetal and child development (prenatal, perinatal, neonatal, and postnatal) that are associated cross-sectionally with the prevalence of mental retardation and that may have implications for prevention.
                    MATERIALS AND METHODS

A two-phase, national household survey of childhood disability was undertaken in Bangladesh in 1987–1988. The sampling strategy was modeled after the Expanded Programme on Immunisation cluster sampling method developed by the World Health Organization for surveys in populations with no existing sampling frames (5). Within each of the five regions of Bangladesh, a sample of 10–15 zones was selected at random but with probability of selection proportional to the zone population size. Within each selected zone, a cluster of contiguous households was chosen at random. In phase I, all children aged 2–9 years in the cluster were screened for disability. Nearly all (99 percent) of the selected households were successfully contacted and agreed to participate. In all, 10,299 children were screened, and 8.2 percent of these screened positive for disability. In phase II, all children who were screened positive and, to allow estimation of population prevalence (6), a systematic sample of approximately 10 percent of those who were screened negative were referred for clinical evaluations. The systematic sample was selected by tagging in advance of the survey every eighth questionnaire for inclusion in the phase II assessment regardless of the screening result. The clinical evaluations were completed for 755 (89.3 percent) of those who screened positive and for 871 (9.2 percent) of those who screened negative.
                    Phase I: the Ten Questions screen for disability

The Ten Questions is a brief questionnaire designed for surveys in culturally diverse populations to screen for serious cognitive, motor, seizure, vision, and hearing disabilities in young children (7). The questionnaire was translated into Bangla and administered in an interview with a parent or guardian of each child surveyed by community workers, whose training and supervision were overseen by the principal investigator (S. S. Z.). We have found the Bangla translation of the Ten Questions to have good reliability (8) and validity, with a sensitivity of 87 percent for detecting serious neurodevelopmental disabilities (9).
                    Phase II: the clinical evaluation and case definitions

Clinical evaluations of children referred to phase II were performed within 1 month of the screening by a team of local physicians and psychologists who were blinded to the screening results. The diagnosis of mental retardation was made by consensus of the physician and psychologist after each had independently examined the child and resolved any discrepant observations. The physician's assessment of mental retardation was based on developmental history and a brief, structured observation of how the child functioned in language skills, following instructions, motor skills, and behavior (10). The medical assessment also provided information on the presence of sensory and motor impairments that may explain inconsistent cognitive test results. The psychologic assessment of mental retardation was based on nonverbal scales of the 1985 revision of the Stanford-Binet Intelligence Scales (11) and an adaptive behavior scale developed for and normalized on children in Bangladesh. Classification of children as mentally retarded implied significant deficits in both cognitive function and adaptive behavior. Severity was classified by the psychologist according to IQ: 50–70 for mild, 35–49 for moderate, and below 35 for severe mental retardation. In this paper, moderate and severe cognitive disabilities are combined into a single category, called “serious.”
                    Potential risk factors for disability

Information was collected on numerous potential risk factors for disability by parent report using structured questionnaires during both the household survey and the medical assessments. For this analysis, 52 variables for which data were available were selected a priori as potential risk factors for mental retardation. These are listed in table 1 along with their weighted frequencies in the population based on data collected in phase II of the survey. We have categorized these into demographic factors and factors operating primarily during one of four epochs of fetal and child development: prenatal, perinatal, neonatal, and postnatal. To limit the potential for selection bias, we restricted the risk factor analyses to the 45 variables among the 52 considered, for which the data were at least 80 percent complete. The following seven variables from table 1 were excluded from the risk factor analyses because data for more than 20 percent were missing, often due to lack of knowledge or recall on the part of the respondent: maternal hypertension during pregnancy, breech delivery, delayed cry at birth, perinatal resuscitation, difficult birth, neonatal diarrhea, and neonatal breathing difficulty. Thus, we could not evaluate birth-related risk factors other than prematurity (birth more than 1 month early), low birth weight (baby's size estimated by mother to be very small at birth), birth unattended by a physician or trained midwife, and birth at home. Landless households were those that owned no land, while landless agricultural households were those that owned no land with agriculture as the primary occupation. Maternal illiteracy meant that the mother had never attended school.
                    Data management

All data from the household survey, the screening, and the psychologic and medical evaluations were recorded on precoded forms, entered into a computerized database, and linked by study identification numbers (with all personal identifiers removed). Accuracy checks and necessary corrections were made both before and after the data were entered into the database.
                    Statistical analysis

Because the probability of being clinically evaluated in phase II was differential by screening status, it is necessary to compute weighted estimates of prevalence in the population surveyed, as described by Shrout and Newman (6). Thus, because 89.3 percent of children with positive screening results and 9.2 percent of those with negative screening results were evaluated, the data for these children were weighted by factors of 1.12 and 10.87, respectively, in the analysis. Logistic regression was used to evaluate associations between mental retardation and potential risk factors. PC CARP (12), a computer program developed for weighted analysis of data from multiphase studies, was used to obtain standard errors for constructing confidence intervals around the prevalence estimates and the regression coefficients (exponentiated to obtain odds ratios). All analyses were restricted to records for which the data required were complete. Associations were quantified separately for serious and mild mental retardation, since previous studies suggest these have distinct risk factor profiles (13). As recommended by Hosmer and Lemeshow (14), variables were entered into the multivariate logistic regression models if the p values associated with their regression coefficients were less than 0.25; they were retained if their respective p values were less than 0.10 and/or if their removal substantially affected the magnitude of the regression coefficients for other variables in the model.
                    RESULTS

The estimated numbers of children in the population of 10,299 surveyed who had serious and mild mental retardation (obtained by weighting the data from phase II) were 62 and 149, respectively. Sixty-seven percent of those with serious mental retardation had cooccurring motor, seizure, vision, and/or hearing disabilities compared with 13 percent of those with mild mental retardation and 5 percent of children without cognitive disabilities. Among children with serious mental retardation, a specific cause of the disability was identified by the assessment team for only 8.1 percent on the basis of physical examination and medical history; these included three cases attributed to thyroid disorders (two to iodine deficiency disorder or cretinism and one to congenital hypothyroidism) and two cases attributed to postnatal brain infections. None of the cases of mild mental retardation were attributed to a specific cause.
                    Univariate analysis

Twenty of the 45 potential risk factors examined (table 1) were found to be associated in univariate analyses (p < 0.10) with either serious or mild cognitive disability. These are listed in table 2, along with unadjusted odds ratios and 95 percent confidence intervals for both forms of mental retardation. 
                    
TABLE 1.Number of children screened and evaluated, and weighted frequencies of potential risk factors for disability, by rural/urban residence, Bangladesh*, 1987–1988

 
	
            . 	Rural
            . 	Urban
            . 	Total
            . 
	No. of children screened (phase 1)	5,196	5,103	10,299
	% screening positive	9.0	7.3	8.2
	No. of children evaluated (phase II)	872	754	1,626
	Demographic factors			
	 1. Parental education (%) (n = 10,299)			
	 Mother			
	  None	72.6	53.3	63.3
	  Primary	22.4	25.3	23.8
	  Secondary	4.8	15.6	10.0
	  Higher	0.2	5.8	3.0
	 Father			
	  None	53.3	35.1	44.5
	  Primary	20.2	18.7	19.5
	  Secondary	21.4	25.4	23.4
	  Higher	5.1	20.7	12.6
	 2. Maternal age at time of child's birth (%) (n = 10,233)			
	 <18	8.5	10.9	9.6
	 18–35	80.5	83.8	82.1
	 >35	11.5	5.3	8.3
	 3. Gender (% boys) (n = 10,299)	52.3	52.0	52.6
	 4. Family does not own home (%) (n = 10,299)	58.9	2.8	29.9
	 5. Landless household (%) (n = 10,298)	64.8	68.5	66.6
	 6. Electricity in the home (%) (n = 10,299)	20.7	89.3	56.1
	 7. Earth floor in home (%) (n = 10,299)	97.5	39.6	69.4
	 8. No water tap in home or yard (%)  (n = 10,299)	71.3	29.6	51.1
	 9. Household headed by manual laborer (%)  (n = 10,284)	16.6	27.7	19.5
	 10. Landless agriculturist household (%)  (n = 10,299)	11.7	0.2	6.1
	Siblings			
	 11. Median no. (range) ever born (n = 10,299)	3 (0–12)	3 (0–11)	3 (0–12)
	 12. Four or more siblings (%) (n = 10,299)	29.1	30.3	29.7
	 13. Death of one or more siblings (%) (n = 10,299)	27.8	32.4	30.0
	Other prenatal factors			
	 Selected maternal factors			
	 14. Maternal history of goiter (%) (n = 8,824)	23.4	8.4	16.2
	 15. Maternal history of pregnancy loss (%) (n = 10,288)	6.2	8.5	7.3
	Index pregnancy			
	 16. Consanguinity (%) (n = 9,991)	7.3	10.6	8.9
	 17. No prenatal care (%) (n = 8,834)	93.8	73.3	84.0
	 18. History of first-trimester bleeding (%) (n = 8,750)	0.5	0.4	0.4
	 19. History of first-trimester infection/fever (%) (n = 1,041)	0.4	0.7	0.5
	 20. Pregnancy-related hypertension (%)  (n = 1,041)	8.3	9.8	9.6
	 21. Small for gestation (%) (n = 8,387)	5.4	12.0	8.6
	Perinatal factors			
	 22. Born at home (%) (n = 9,909)	98.8	85.9	92.7
	 23. Birth attended by (n = 9,022)			
	  Doctor (%)	0.5	8.9	4.5
	  Trained midwife (%)	5.8	13.8	9.6
	  Untrained midwife (%)	65.5	64.4	65.0
	  Other (%)	28.2	12.9	20.9
	 24. Prematurity (>1 month early) (%) (n = 9,207)	2.6	2.2	2.4
	 25. Child very small at birth (%) (n = 8,474)	7.2	13.3	10.1
	 26. Breech delivery (%) (n = 7,973)	0.3	0.9	0.7
	 27. Delayed cry (%) (n = 7,818)			
	  <5 minutes	1.5	0.5	1.0
	  ≥5 minutes	3.1	3.5	3.3
	 28. Resuscitated (%) (n = 7,806)	2.5	4.4	3.4
	 29. Difficult birth (%) (n = 8,087)	6.9	7.3	7.1
	 30. Multiple birth (%) (n = 9,920)	0.6	0.7	0.7
	Neonatal factors			
	 31. Neonatal seizures (%) (n = 8,507)	0.9	1.1	1.0
	 32. Neonatal infection (%) (n = 8,486)	9.7	8.9	9.3
	 33. Neonatal feeding difficulties (%) (n = 8,509)	3.1	1.5	2.3
	 34. Neonatal jaundice (%) (n = 8,497)	0	2.5	1.2
	 35. Neonatal tetanus (%) (n = 8,508)	0.3	0	0.2
	 36. Neonatal diarrhea (%) (n = 7,818)	1.3	3.9	2.6
	 37. Neonatal breathing difficulty (%) (n = 7,305)	2.2	3.8	2.9
	Postnatal factors			
	 38. Not fully immunized (%) (n = 8,930)	99.3	98.1	98.7
	 39. Never immunized (%) (n = 9,401)	69.5	51.6	61.0
	 40. Measles infection (%) (n = 8,872)			
	  Severe	34.7	25.1	30.2
	  Mild	22.0	28.8	25.2
	 41. Pertussis (%) (n = 9,122)			
	  Severe	14.6	9.4	12.2
	  Mild	8.9	4.1	6.6
	 42. Breastfed (%) (n = 9,019)			
	  Never or <1 month	4.2	9.8	6.8
	  1–24 months	36.9	61.8	48.6
	  >24 months	57.9	28.4	44.6
	 43. Postnatal brain infection (%) (n = 9,531)	0.9	1.8	1.3
	  44. Head injury with loss of consciousness (%)  (n = 9,684)	1.2	3.0	1.3
	 45. Near drowning (medically attended) (%)  (n = 9,728)	0	1.1	0.6
	 46. Child appears not to be well nourished (%)  (n = 10,137)	64.7	76.6	70.6
	 47. Protein-calorie malnutrition (%) (n = 10,299)	1.8	7.8	4.7
	 48. Child's thyroid (n = 10,105)			
	  Normal size (%)	95.4	81.0	87.9
	  Enlarged, but not visible (%)	2.6	14.5	8.7
	  Enlarged, visible with head extended (%)	1.6	4.6	3.1
	  Enlarged, visible with head normal (%)	0.5	0	0.2
	  Goiter (%)	0	0	0
	 49. Child ever hospitalized (%) (n = 9,692)	2.4	13.0	7.5
	 50. Xerophthalmia, any signs (%) (n = 10,216)	7.9	2.8	5.4
	  Night blindness only (%)	6.4	1.7	4.1
	  Xerosis or Bitot's spots (%)	0.9	0.4	0.7
	  Corneal scars (%)	0.6	0.7	0.7
	 51. Older age group (% ages 6–9 vs. 2–5 (years) (n = 10,299)	53.0	51.0	52.0
	 52. Not in school (ages 6–9 years) (%) (n = 4,812)	37.6	32.4	35.1
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	  <5 minutes	1.5	0.5	1.0
	  ≥5 minutes	3.1	3.5	3.3
	 28. Resuscitated (%) (n = 7,806)	2.5	4.4	3.4
	 29. Difficult birth (%) (n = 8,087)	6.9	7.3	7.1
	 30. Multiple birth (%) (n = 9,920)	0.6	0.7	0.7
	Neonatal factors			
	 31. Neonatal seizures (%) (n = 8,507)	0.9	1.1	1.0
	 32. Neonatal infection (%) (n = 8,486)	9.7	8.9	9.3
	 33. Neonatal feeding difficulties (%) (n = 8,509)	3.1	1.5	2.3
	 34. Neonatal jaundice (%) (n = 8,497)	0	2.5	1.2
	 35. Neonatal tetanus (%) (n = 8,508)	0.3	0	0.2
	 36. Neonatal diarrhea (%) (n = 7,818)	1.3	3.9	2.6
	 37. Neonatal breathing difficulty (%) (n = 7,305)	2.2	3.8	2.9
	Postnatal factors			
	 38. Not fully immunized (%) (n = 8,930)	99.3	98.1	98.7
	 39. Never immunized (%) (n = 9,401)	69.5	51.6	61.0
	 40. Measles infection (%) (n = 8,872)			
	  Severe	34.7	25.1	30.2
	  Mild	22.0	28.8	25.2
	 41. Pertussis (%) (n = 9,122)			
	  Severe	14.6	9.4	12.2
	  Mild	8.9	4.1	6.6
	 42. Breastfed (%) (n = 9,019)			
	  Never or <1 month	4.2	9.8	6.8
	  1–24 months	36.9	61.8	48.6
	  >24 months	57.9	28.4	44.6
	 43. Postnatal brain infection (%) (n = 9,531)	0.9	1.8	1.3
	  44. Head injury with loss of consciousness (%)  (n = 9,684)	1.2	3.0	1.3
	 45. Near drowning (medically attended) (%)  (n = 9,728)	0	1.1	0.6
	 46. Child appears not to be well nourished (%)  (n = 10,137)	64.7	76.6	70.6
	 47. Protein-calorie malnutrition (%) (n = 10,299)	1.8	7.8	4.7
	 48. Child's thyroid (n = 10,105)			
	  Normal size (%)	95.4	81.0	87.9
	  Enlarged, but not visible (%)	2.6	14.5	8.7
	  Enlarged, visible with head extended (%)	1.6	4.6	3.1
	  Enlarged, visible with head normal (%)	0.5	0	0.2
	  Goiter (%)	0	0	0
	 49. Child ever hospitalized (%) (n = 9,692)	2.4	13.0	7.5
	 50. Xerophthalmia, any signs (%) (n = 10,216)	7.9	2.8	5.4
	  Night blindness only (%)	6.4	1.7	4.1
	  Xerosis or Bitot's spots (%)	0.9	0.4	0.7
	  Corneal scars (%)	0.6	0.7	0.7
	 51. Older age group (% ages 6–9 vs. 2–5 (years) (n = 10,299)	53.0	51.0	52.0
	 52. Not in school (ages 6–9 years) (%) (n = 4,812)	37.6	32.4	35.1


*Numbers in parentheses, number of children for whom respective data are complete. The weighted frequencies were obtained by weighting the data collected for the sample of children evaluated in phase II, as described in the text.
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TABLE 1.Number of children screened and evaluated, and weighted frequencies of potential risk factors for disability, by rural/urban residence, Bangladesh*, 1987–1988

 
	
            . 	Rural
            . 	Urban
            . 	Total
            . 
	No. of children screened (phase 1)	5,196	5,103	10,299
	% screening positive	9.0	7.3	8.2
	No. of children evaluated (phase II)	872	754	1,626
	Demographic factors			
	 1. Parental education (%) (n = 10,299)			
	 Mother			
	  None	72.6	53.3	63.3
	  Primary	22.4	25.3	23.8
	  Secondary	4.8	15.6	10.0
	  Higher	0.2	5.8	3.0
	 Father			
	  None	53.3	35.1	44.5
	  Primary	20.2	18.7	19.5
	  Secondary	21.4	25.4	23.4
	  Higher	5.1	20.7	12.6
	 2. Maternal age at time of child's birth (%) (n = 10,233)			
	 <18	8.5	10.9	9.6
	 18–35	80.5	83.8	82.1
	 >35	11.5	5.3	8.3
	 3. Gender (% boys) (n = 10,299)	52.3	52.0	52.6
	 4. Family does not own home (%) (n = 10,299)	58.9	2.8	29.9
	 5. Landless household (%) (n = 10,298)	64.8	68.5	66.6
	 6. Electricity in the home (%) (n = 10,299)	20.7	89.3	56.1
	 7. Earth floor in home (%) (n = 10,299)	97.5	39.6	69.4
	 8. No water tap in home or yard (%)  (n = 10,299)	71.3	29.6	51.1
	 9. Household headed by manual laborer (%)  (n = 10,284)	16.6	27.7	19.5
	 10. Landless agriculturist household (%)  (n = 10,299)	11.7	0.2	6.1
	Siblings			
	 11. Median no. (range) ever born (n = 10,299)	3 (0–12)	3 (0–11)	3 (0–12)
	 12. Four or more siblings (%) (n = 10,299)	29.1	30.3	29.7
	 13. Death of one or more siblings (%) (n = 10,299)	27.8	32.4	30.0
	Other prenatal factors			
	 Selected maternal factors			
	 14. Maternal history of goiter (%) (n = 8,824)	23.4	8.4	16.2
	 15. Maternal history of pregnancy loss (%) (n = 10,288)	6.2	8.5	7.3
	Index pregnancy			
	 16. Consanguinity (%) (n = 9,991)	7.3	10.6	8.9
	 17. No prenatal care (%) (n = 8,834)	93.8	73.3	84.0
	 18. History of first-trimester bleeding (%) (n = 8,750)	0.5	0.4	0.4
	 19. History of first-trimester infection/fever (%) (n = 1,041)	0.4	0.7	0.5
	 20. Pregnancy-related hypertension (%)  (n = 1,041)	8.3	9.8	9.6
	 21. Small for gestation (%) (n = 8,387)	5.4	12.0	8.6
	Perinatal factors			
	 22. Born at home (%) (n = 9,909)	98.8	85.9	92.7
	 23. Birth attended by (n = 9,022)			
	  Doctor (%)	0.5	8.9	4.5
	  Trained midwife (%)	5.8	13.8	9.6
	  Untrained midwife (%)	65.5	64.4	65.0
	  Other (%)	28.2	12.9	20.9
	 24. Prematurity (>1 month early) (%) (n = 9,207)	2.6	2.2	2.4
	 25. Child very small at birth (%) (n = 8,474)	7.2	13.3	10.1
	 26. Breech delivery (%) (n = 7,973)	0.3	0.9	0.7
	 27. Delayed cry (%) (n = 7,818)			
	  <5 minutes	1.5	0.5	1.0
	  ≥5 minutes	3.1	3.5	3.3
	 28. Resuscitated (%) (n = 7,806)	2.5	4.4	3.4
	 29. Difficult birth (%) (n = 8,087)	6.9	7.3	7.1
	 30. Multiple birth (%) (n = 9,920)	0.6	0.7	0.7
	Neonatal factors			
	 31. Neonatal seizures (%) (n = 8,507)	0.9	1.1	1.0
	 32. Neonatal infection (%) (n = 8,486)	9.7	8.9	9.3
	 33. Neonatal feeding difficulties (%) (n = 8,509)	3.1	1.5	2.3
	 34. Neonatal jaundice (%) (n = 8,497)	0	2.5	1.2
	 35. Neonatal tetanus (%) (n = 8,508)	0.3	0	0.2
	 36. Neonatal diarrhea (%) (n = 7,818)	1.3	3.9	2.6
	 37. Neonatal breathing difficulty (%) (n = 7,305)	2.2	3.8	2.9
	Postnatal factors			
	 38. Not fully immunized (%) (n = 8,930)	99.3	98.1	98.7
	 39. Never immunized (%) (n = 9,401)	69.5	51.6	61.0
	 40. Measles infection (%) (n = 8,872)			
	  Severe	34.7	25.1	30.2
	  Mild	22.0	28.8	25.2
	 41. Pertussis (%) (n = 9,122)			
	  Severe	14.6	9.4	12.2
	  Mild	8.9	4.1	6.6
	 42. Breastfed (%) (n = 9,019)			
	  Never or <1 month	4.2	9.8	6.8
	  1–24 months	36.9	61.8	48.6
	  >24 months	57.9	28.4	44.6
	 43. Postnatal brain infection (%) (n = 9,531)	0.9	1.8	1.3
	  44. Head injury with loss of consciousness (%)  (n = 9,684)	1.2	3.0	1.3
	 45. Near drowning (medically attended) (%)  (n = 9,728)	0	1.1	0.6
	 46. Child appears not to be well nourished (%)  (n = 10,137)	64.7	76.6	70.6
	 47. Protein-calorie malnutrition (%) (n = 10,299)	1.8	7.8	4.7
	 48. Child's thyroid (n = 10,105)			
	  Normal size (%)	95.4	81.0	87.9
	  Enlarged, but not visible (%)	2.6	14.5	8.7
	  Enlarged, visible with head extended (%)	1.6	4.6	3.1
	  Enlarged, visible with head normal (%)	0.5	0	0.2
	  Goiter (%)	0	0	0
	 49. Child ever hospitalized (%) (n = 9,692)	2.4	13.0	7.5
	 50. Xerophthalmia, any signs (%) (n = 10,216)	7.9	2.8	5.4
	  Night blindness only (%)	6.4	1.7	4.1
	  Xerosis or Bitot's spots (%)	0.9	0.4	0.7
	  Corneal scars (%)	0.6	0.7	0.7
	 51. Older age group (% ages 6–9 vs. 2–5 (years) (n = 10,299)	53.0	51.0	52.0
	 52. Not in school (ages 6–9 years) (%) (n = 4,812)	37.6	32.4	35.1
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	 16. Consanguinity (%) (n = 9,991)	7.3	10.6	8.9
	 17. No prenatal care (%) (n = 8,834)	93.8	73.3	84.0
	 18. History of first-trimester bleeding (%) (n = 8,750)	0.5	0.4	0.4
	 19. History of first-trimester infection/fever (%) (n = 1,041)	0.4	0.7	0.5
	 20. Pregnancy-related hypertension (%)  (n = 1,041)	8.3	9.8	9.6
	 21. Small for gestation (%) (n = 8,387)	5.4	12.0	8.6
	Perinatal factors			
	 22. Born at home (%) (n = 9,909)	98.8	85.9	92.7
	 23. Birth attended by (n = 9,022)			
	  Doctor (%)	0.5	8.9	4.5
	  Trained midwife (%)	5.8	13.8	9.6
	  Untrained midwife (%)	65.5	64.4	65.0
	  Other (%)	28.2	12.9	20.9
	 24. Prematurity (>1 month early) (%) (n = 9,207)	2.6	2.2	2.4
	 25. Child very small at birth (%) (n = 8,474)	7.2	13.3	10.1
	 26. Breech delivery (%) (n = 7,973)	0.3	0.9	0.7
	 27. Delayed cry (%) (n = 7,818)			
	  <5 minutes	1.5	0.5	1.0
	  ≥5 minutes	3.1	3.5	3.3
	 28. Resuscitated (%) (n = 7,806)	2.5	4.4	3.4
	 29. Difficult birth (%) (n = 8,087)	6.9	7.3	7.1
	 30. Multiple birth (%) (n = 9,920)	0.6	0.7	0.7
	Neonatal factors			
	 31. Neonatal seizures (%) (n = 8,507)	0.9	1.1	1.0
	 32. Neonatal infection (%) (n = 8,486)	9.7	8.9	9.3
	 33. Neonatal feeding difficulties (%) (n = 8,509)	3.1	1.5	2.3
	 34. Neonatal jaundice (%) (n = 8,497)	0	2.5	1.2
	 35. Neonatal tetanus (%) (n = 8,508)	0.3	0	0.2
	 36. Neonatal diarrhea (%) (n = 7,818)	1.3	3.9	2.6
	 37. Neonatal breathing difficulty (%) (n = 7,305)	2.2	3.8	2.9
	Postnatal factors			
	 38. Not fully immunized (%) (n = 8,930)	99.3	98.1	98.7
	 39. Never immunized (%) (n = 9,401)	69.5	51.6	61.0
	 40. Measles infection (%) (n = 8,872)			
	  Severe	34.7	25.1	30.2
	  Mild	22.0	28.8	25.2
	 41. Pertussis (%) (n = 9,122)			
	  Severe	14.6	9.4	12.2
	  Mild	8.9	4.1	6.6
	 42. Breastfed (%) (n = 9,019)			
	  Never or <1 month	4.2	9.8	6.8
	  1–24 months	36.9	61.8	48.6
	  >24 months	57.9	28.4	44.6
	 43. Postnatal brain infection (%) (n = 9,531)	0.9	1.8	1.3
	  44. Head injury with loss of consciousness (%)  (n = 9,684)	1.2	3.0	1.3
	 45. Near drowning (medically attended) (%)  (n = 9,728)	0	1.1	0.6
	 46. Child appears not to be well nourished (%)  (n = 10,137)	64.7	76.6	70.6
	 47. Protein-calorie malnutrition (%) (n = 10,299)	1.8	7.8	4.7
	 48. Child's thyroid (n = 10,105)			
	  Normal size (%)	95.4	81.0	87.9
	  Enlarged, but not visible (%)	2.6	14.5	8.7
	  Enlarged, visible with head extended (%)	1.6	4.6	3.1
	  Enlarged, visible with head normal (%)	0.5	0	0.2
	  Goiter (%)	0	0	0
	 49. Child ever hospitalized (%) (n = 9,692)	2.4	13.0	7.5
	 50. Xerophthalmia, any signs (%) (n = 10,216)	7.9	2.8	5.4
	  Night blindness only (%)	6.4	1.7	4.1
	  Xerosis or Bitot's spots (%)	0.9	0.4	0.7
	  Corneal scars (%)	0.6	0.7	0.7
	 51. Older age group (% ages 6–9 vs. 2–5 (years) (n = 10,299)	53.0	51.0	52.0
	 52. Not in school (ages 6–9 years) (%) (n = 4,812)	37.6	32.4	35.1


*Numbers in parentheses, number of children for whom respective data are complete. The weighted frequencies were obtained by weighting the data collected for the sample of children evaluated in phase II, as described in the text.
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                    Serious cognitive disability.

We present odds ratios for serious cognitive disability and selected risk factors separately for rural and urban children because of heterogeneity of effect or effect modification by rural-urban residence. Specifically, we found maternal illiteracy, landless agriculture, and consanguinity (defined here to include offspring of parents related as first cousins or uncle-niece) to be strongly associated with serious mental retardation in rural, but not urban, areas. A history of neonatal jaundice was associated with serious cognitive disability in urban areas. In addition, in urban areas only, school-aged children with serious cognitive disability were less likely to attend school than were children without cognitive disabilities (table 2). The odds ratios for the other variables considered, which did not show evidence of interaction with residence, are not stratified by rural and urban residence. Among these, factors significantly associated with the prevalence of serious cognitive disability include maternal history of goiter; birth history of being small for gestational age; being very small at birth, regardless of gestational age (an indicator for low birth weight); and histories of neonatal complications, lack of breastfeeding, and postnatal brain infections. Children with serious cognitive disabilities were also at increased risk of being diagnosed with malnutrition and xerophthalmia at the time of study assessment (table 2). 
                    
TABLE 2.Unadjusted odds ratios and 95% confidence intervals indicating associations with potential risk factors for serious and mild cognitive disability, Bangladesh, 1987–1988

 
	
            . 	Serious cognitive disability

            . 	Mild cognitive disability
            . 
	Rural

            . 	Urban

            . 
	OR*
            . 	95% CI*
            . 	OR
            . 	95% CI
            . 	OR
            . 	95% CI
            . 
	Demographic and prenatal						
	 Maternal illiteracy	10.36	1.28, 83.81	0.82	0.45, 1.51	3.22	1.13, 9.12
	 Consanguinity	11.16	2.28, 54.56	1.14	0.42, 3.11	0.40	0.16, 0.98
	 Landless agriculture	5.23	0.80, 34.05	†		7.09	3.02, 16.62
	 Landless	2.12 (0.89, 5.03)	5.08	2.15, 12.05
	 Maternal goiter	4.27 (1.64, 11.09)	1.41	0.48, 4.16
	 Maternal pregnancy loss	1.04 (0.39, 2.77)	4.03	1.82, 8.93
	 Small for gestational age	2.61 (1.27, 5.38)	4.43	2.05, 9.48
	Perinatal						
	 Small at birth	2.39 (1.16, 4.92)	3.74	1.77, 7.90
	 Home birth	1.32 (0.70, 2.47)	5.24	1.22, 37.52
	Neonatal						
	 Seizures	4.38 (0.89, 21.56)		†
	 Infection	1.77 (0.79, 4.00)	3.45	1.14, 10.43
	 Feeding difficulties	3.23 (1.09, 9.61)	9.01	2.10, 37.52
	 Jaundice	†		3.87	1.21, 12.40		†
	Postnatal						
	 Breastfed <1 month	2.31 (1.10, 4.88)	2.95	0.81, 10.75
	 Brain infection	15.26 (6.38, 36.51)	1.85	0.60, 5.72
	 Dehydration episode	1.63 (0.76, 3.50)	2.79	1.27, 6.16
	 Currently malnourished	2.48 (1.07, 5.75)	1.95	0.36, 10.61
	 Xerophthalmia (any signs)	4.27 (2.08, 8.76)	2.46	1.43, 4.24
	 Thyroid enlargement (any)	3.09 (0.88, 10.89)	1.76	0.72, 4.29
	 Does not attend school (ages 6–9 years)	1.02  0.51, 2.06	4.91	1.99, 12.12	11.57	5.12, 26.18
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	Demographic and prenatal						
	 Maternal illiteracy	10.36	1.28, 83.81	0.82	0.45, 1.51	3.22	1.13, 9.12
	 Consanguinity	11.16	2.28, 54.56	1.14	0.42, 3.11	0.40	0.16, 0.98
	 Landless agriculture	5.23	0.80, 34.05	†		7.09	3.02, 16.62
	 Landless	2.12 (0.89, 5.03)	5.08	2.15, 12.05
	 Maternal goiter	4.27 (1.64, 11.09)	1.41	0.48, 4.16
	 Maternal pregnancy loss	1.04 (0.39, 2.77)	4.03	1.82, 8.93
	 Small for gestational age	2.61 (1.27, 5.38)	4.43	2.05, 9.48
	Perinatal						
	 Small at birth	2.39 (1.16, 4.92)	3.74	1.77, 7.90
	 Home birth	1.32 (0.70, 2.47)	5.24	1.22, 37.52
	Neonatal						
	 Seizures	4.38 (0.89, 21.56)		†
	 Infection	1.77 (0.79, 4.00)	3.45	1.14, 10.43
	 Feeding difficulties	3.23 (1.09, 9.61)	9.01	2.10, 37.52
	 Jaundice	†		3.87	1.21, 12.40		†
	Postnatal						
	 Breastfed <1 month	2.31 (1.10, 4.88)	2.95	0.81, 10.75
	 Brain infection	15.26 (6.38, 36.51)	1.85	0.60, 5.72
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	 Xerophthalmia (any signs)	4.27 (2.08, 8.76)	2.46	1.43, 4.24
	 Thyroid enlargement (any)	3.09 (0.88, 10.89)	1.76	0.72, 4.29
	 Does not attend school (ages 6–9 years)	1.02  0.51, 2.06	4.91	1.99, 12.12	11.57	5.12, 26.18


*OR, odds ratio; CI, confidence interval.

†Odds ratio could not be computed because of lack of variability of exposure among cases.
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TABLE 2.Unadjusted odds ratios and 95% confidence intervals indicating associations with potential risk factors for serious and mild cognitive disability, Bangladesh, 1987–1988
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	 Xerophthalmia (any signs)	4.27 (2.08, 8.76)	2.46	1.43, 4.24
	 Thyroid enlargement (any)	3.09 (0.88, 10.89)	1.76	0.72, 4.29
	 Does not attend school (ages 6–9 years)	1.02  0.51, 2.06	4.91	1.99, 12.12	11.57	5.12, 26.18


	
            . 	Serious cognitive disability

            . 	Mild cognitive disability
            . 
	Rural

            . 	Urban

            . 
	OR*
            . 	95% CI*
            . 	OR
            . 	95% CI
            . 	OR
            . 	95% CI
            . 
	Demographic and prenatal						
	 Maternal illiteracy	10.36	1.28, 83.81	0.82	0.45, 1.51	3.22	1.13, 9.12
	 Consanguinity	11.16	2.28, 54.56	1.14	0.42, 3.11	0.40	0.16, 0.98
	 Landless agriculture	5.23	0.80, 34.05	†		7.09	3.02, 16.62
	 Landless	2.12 (0.89, 5.03)	5.08	2.15, 12.05
	 Maternal goiter	4.27 (1.64, 11.09)	1.41	0.48, 4.16
	 Maternal pregnancy loss	1.04 (0.39, 2.77)	4.03	1.82, 8.93
	 Small for gestational age	2.61 (1.27, 5.38)	4.43	2.05, 9.48
	Perinatal						
	 Small at birth	2.39 (1.16, 4.92)	3.74	1.77, 7.90
	 Home birth	1.32 (0.70, 2.47)	5.24	1.22, 37.52
	Neonatal						
	 Seizures	4.38 (0.89, 21.56)		†
	 Infection	1.77 (0.79, 4.00)	3.45	1.14, 10.43
	 Feeding difficulties	3.23 (1.09, 9.61)	9.01	2.10, 37.52
	 Jaundice	†		3.87	1.21, 12.40		†
	Postnatal						
	 Breastfed <1 month	2.31 (1.10, 4.88)	2.95	0.81, 10.75
	 Brain infection	15.26 (6.38, 36.51)	1.85	0.60, 5.72
	 Dehydration episode	1.63 (0.76, 3.50)	2.79	1.27, 6.16
	 Currently malnourished	2.48 (1.07, 5.75)	1.95	0.36, 10.61
	 Xerophthalmia (any signs)	4.27 (2.08, 8.76)	2.46	1.43, 4.24
	 Thyroid enlargement (any)	3.09 (0.88, 10.89)	1.76	0.72, 4.29
	 Does not attend school (ages 6–9 years)	1.02  0.51, 2.06	4.91	1.99, 12.12	11.57	5.12, 26.18


*OR, odds ratio; CI, confidence interval.

†Odds ratio could not be computed because of lack of variability of exposure among cases.
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                    Mild cognitive disability.

Because there was no rural-urban difference in the factors associated with mild cognitive disability, the odds ratios for mild cognitive disability were not stratified by residence. The prenatal factors associated with mild mental retardation included lack of maternal education, landlessness (particularly landless agriculture), maternal history of pregnancy loss, and being small for gestational age (table 2). Consanguinity was negatively associated with mild cognitive disability in univariate analysis. The perinatal variables low birth weight and birth at home rather than in a hospital or clinic were also associated with mild mental retardation (table 2). Neonatal factors associated with mild mental retardation included neonatal history of infections and neonatal feeding difficulties (table 2). Postnatal factors associated with mild mental retardation included histories of lack of breastfeeding and severe diarrheal disease with dehydration. Current xerophthalmia and not being enrolled in school at the time of assessment (among children of school age, 6–9 years) were also associated with the prevalence of mild cognitive disability.
Hypothesized risk factors that were found not to be significantly associated with the prevalence of serious or mild childhood cognitive disability in univariate analyses included several socioeconomic indicators (unskilled, manual occupation; the housing characteristics of earth flooring, lack of electricity, and lack of a water tap in the home or yard; lack of home ownership; and family size). In addition, maternal age, history of first-trimester bleeding, history of maternal infection or fever during pregnancy, lack of prenatal care, premature birth, multiple birth, not being immunized against common infectious diseases, and a history of diseases preventable by vaccine, such as measles and pertussis, were not associated with mild or serious cognitive disabilities.
                    Multivariate analysis

                    Serious cognitive disability.

To develop multivariate models for serious cognitive disability, we first entered the prenatal variables found to be significant in the univariate analysis. In rural areas, the model restricted to prenatal independent variables includes consanguinity, landless agriculture, and maternal goiter history; maternal illiteracy was no longer associated with serious mental retardation once maternal goiter history was included in the model. In urban areas, no prenatal factors other than maternal goiter history were independently associated with serious mental retardation once maternal goiter was entered. In both rural and urban areas, no perinatal or neonatal variable reached statistical significance at p < 0.10 once the relevant prenatal variables were included. We then entered history of postnatal brain infection, a variable that was based on parental report and that, in every case, was reported to have preceded or coincided with the age at which the parent first saw evidence of developmental delay in the child. Models A-rural and A-urban in table 3 include all variables that necessarily or probably preceded the onset of cognitive disability and that were significantly associated with serious cognitive disability in rural and urban areas, respectively. In both rural and urban areas, no additional variables other than xerophthalmia at the time of survey, which cannot be assumed to have preceded the onset of developmental delay, were significantly associated with serious cognitive disability once the variables in the models of table 3 were controlled. 
                    
TABLE 3.Factors independently associated with the prevalence of serious and mild mental retardation among children 2–9 years in Bangladesh, 1987–1988*

 
	
            . 	OR
            . 	95% CI
            . 
	Model A (rural)		
	 Serious mental retardation		
	  Consanguinity	15.13	3.08, 74.30
	  Landless agriculture	6.02	1.16, 31.19
	  Maternal goiter	5.14	1.23, 21.57
	  Postnatal brain infection	29.24	7.17, 119.18
	Model A (urban)		
	 Serious mental retardation		
	  Maternal goiter	4.82	2.73, 8.50
	  Postnatal brain infection	13.65	4.69, 39.76
	Model B (urban and rural)		
	 Mild mental retardation		
	  Maternal illiteracy	2.48	0.86, 7.12
	  Landlessness	4.27	1.77, 10.29
	  Maternal history of pregnancy loss	2.61	0.95, 7.12
	  Small for gestational age	3.86	1.56, 9.55


	
            . 	OR
            . 	95% CI
            . 
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	 Serious mental retardation		
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	  Landless agriculture	6.02	1.16, 31.19
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	  Postnatal brain infection	29.24	7.17, 119.18
	Model A (urban)		
	 Serious mental retardation		
	  Maternal goiter	4.82	2.73, 8.50
	  Postnatal brain infection	13.65	4.69, 39.76
	Model B (urban and rural)		
	 Mild mental retardation		
	  Maternal illiteracy	2.48	0.86, 7.12
	  Landlessness	4.27	1.77, 10.29
	  Maternal history of pregnancy loss	2.61	0.95, 7.12
	  Small for gestational age	3.86	1.56, 9.55


*Odds ratios (OR) and 95% confidence intervals (CI) adjusted for all other variables in each model. Only variables that certainly or probably preceded onset of cognitive disability were entered.
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                    Mild cognitive disability.

The multivariate model for mild cognitive disability includes four prenatal variables independently associated with mild mental retardation in both urban and rural areas: maternal illiteracy, landlessness, maternal history of pregnancy loss, and being small for gestational age (table 3). No other factors for which we had data were significantly associated with the prevalence of mild mental retardation once these prenatal factors were included.
                    DISCUSSION

Mental retardation is among the most difficult categories of childhood disability to document epidemiologically, in part because its causes are multifactorial and often elusive (2). In less developed countries, the difficulties of documenting the causes of mental retardation are compounded by the lack of diagnostic services and routinely collected health data. For example, more than 90 percent of the children in this study were born at home, most without trained clinical assistance, and basic perinatal information, such as birth weight, mode of delivery, and history of complications or congenital abnormalities, was never documented. In addition, of the children with cognitive disabilities identified in this study, fewer than 2 percent had been referred for cognitive assessment previously and/or had received educational or medical services in response to noted cognitive delay or disability.
Despite these difficulties, we have demonstrated that it is possible not only to identify children with cognitive disabilities and estimate prevalence but also to identify important risk factors for poor cognitive development in populations lacking universal health care and routine data collection. An understanding of risk factors is a critical first step toward the prevention of any public health problem. The specific risk factors identified in this study provide a basis for designing programs to help assure that children at risk not only survive but also reach their full intellectual and human potential.
                    Serious cognitive disability

Our findings suggest that primary prevention of serious cognitive disabilities in Bangladesh will require prevention of the prenatal factors of maternal iodine deficiency or other possible causes of goiter, consanguineous marriage, extreme poverty (indicated by landlessness, particularly among agricultural households) as well as postnatal brain infections. Once these factors were accounted for, low birth weight and neonatal variables were not significantly associated with cognitive disabilities. As mentioned, we were not able to take into account complications of pregnancy or birth such as evidence of birth asphyxia or breech delivery because relevant data were missing for more than 20 percent of the children surveyed.
To prevent goiter, Bangladesh has implemented a universal salt iodization program during the past decade, but efforts to promote this program must continue because recent data suggest that fewer than half of the households consume iodized salt (15). There are also indications that iodine deficiency alone might not account for the high prevalence of goiter among pregnant women in rural Bangladesh (16), suggesting that other factors must be considered.
To understand why consanguinity would be associated with serious mental retardation in rural but not urban areas, a difference that persisted in univariate and multivariate analyses, we examined the correlates of consanguinity in the two areas and found them to differ significantly. In rural areas, children from consanguineous marriages are more advantaged and affluent relative to children from nonconsanguineous marriages because they are less likely to be exposed to factors such as landlessness, maternal illiteracy, and malnutrition. In urban areas, these relations are reversed: Urban children from consanguineous unions are relatively disadvantaged on each of these variables. In addition, relative to nonconsanguineous urban families, consanguineous urban families in this study were 70 percent more likely to report the death of one or more children. In the rural areas investigated, on the other hand, childhood death was not associated with consanguinity. These findings are consistent with the possibility that an association between consanguinity and mental retardation in urban areas would be masked in a cross-sectional prevalence study such as this because of selective survival bias. Serious mental retardation may be less compatible with survival in urban consanguineous families relative to nonconsanguineous families because of the socioeconomic disadvantage and higher child death rates in the consanguineous families. In fact, there were no cases of serious cognitive disability from urban, consanguineous families in which one or more children had died, whereas among urban families that had not lost a child, consanguinity was associated with the prevalence of serious cognitive disability.
Although consanguineous marriage has been shown to be associated with increased risk of birth defects and infant mortality (17), we know of no previous study showing it to be associated with the prevalence of mental retardation at the population level. In an epidemiologic study of mental retardation in Karachi, Pakistan, which used the same survey and assessment procedures as our study, no association was found between consanguinity and the prevalence of mental retardation (18). Compared with 9 percent in Bangladesh, in the Karachi population, 60 percent of the children surveyed were offspring of consanguineous unions (mostly first cousin, a preferred marriage pattern among many Pakistanis), and the overall prevalence of serious mental retardation was extremely high (19.1/1,000). It may be that in populations where consanguinity is a dominant marriage pattern, it is not possible to demonstrate its association with the occurrence of disorders resulting from recessive genes, such as many of the specific causes of mental retardation. This is because even offspring of marriages not recognized to be consanguineous in such populations would be expected to have high inbreeding coefficients due to consanguinity in previous generations (i.e., their grandparents, great-grandparents) (19–21). In rural Bangladesh, where the practice of marriage to a first cousin is confined to a smaller segment of the population than is true of Karachi and the average inbreeding coefficient for individuals not reported to be from consanguineous unions is presumably lower, we have been able to demonstrate a strong association between this marriage pattern and the prevalence of serious cognitive disabilities in offspring. This finding calls for further research into the contribution of consanguinity and inherited disorders to the occurrence of neurodevelopmental disabilities in Bangladesh.
Confirmation of the association between consanguinity and serious cognitive disability found in this study would suggest that public health campaigns may be indicated to inform families at risk about genetically inherited disorders and the increased risk conferred by consanguineous unions. This marriage pattern may be difficult to change, however, if it serves as an adaptive strategy in times of scarcity to preserve land and other property within families.
In rural areas, landlessness among agricultural households was also identified as an independent risk factor for serious cognitive disability. In recent years, subsequent to the data collection for this study, Bangladesh has implemented extensive programs to alleviate the poverty of landless agricultural families. For example, the Vulnerable Group Feeding Programme is operated by the government of Bangladesh to provide food to families during floods and droughts. In addition, microcredit programs for poor women, pioneered by the Grameen Bank of Bangladesh, have been shown to bring economic empowerment to vulnerable women and families (22). The impact of such programs on the prevalence of childhood disabilities remains to be demonstrated.
The strong association between brain infections and the risk of serious cognitive disability along with the relatively high prevalence of this exposure (reported for 1.3 percent of the children aged 2–9 years who were studied) clearly suggests the need for prevention as well as early recognition and treatment of these infections. Studies of children hospitalized for intracranial infections in Dhaka show that Haemophilus influenzae and Streptococcus pneumoniae are frequent causes and that most recognized cases involve children under age 2 years (23, 24). However, population-based data on the incidence of these infections and the role of other agents are not available.
                    Mild cognitive disability.

Although several neonatal and postnatal medical variables were identified in univariate analyses to be risk factors for mild cognitive disability, these were not retained in the multivariate model once indicators of maternal illiteracy, poverty, and evidence of intrauterine growth retardation (small for gestational age) were controlled, suggesting that the determinants of mild cognitive disabilities are largely social and economic. This finding is consistent with studies of mild mental retardation in European and North American studies (13). The contribution of maternal cognitive disability, however, to the relation between maternal illiteracy and childhood cognitive disability cannot be discerned with the data available. In recent years, the government of Bangladesh has put special emphasis on the education and literacy of girls, resulting in an increase in primary school enrollment of from 64 to 82 percent between 1992 and 1997 (15, 25). Enrollment in secondary education is still less than 50 percent, however, and is particularly low for girls, perhaps due to the pressure on families to keep girls at home or to arrange for their marriage at a young age (26). The anticipated public health impact of improvements in education and literacy include adoption of better nutritional practices and health behaviors that, along with increased cognitive stimulation in the home, have the potential to contribute to enhanced cognitive development and prevention of mild cognitive disabilities in children.
Environmental factors associated with poverty, but not measured in this study, may also contribute to the association between poverty and mild cognitive disability. For example, an alarming prevalence of lead poisoning has been reported recently among poor children living in urban Bangladesh (27). The potential neurodevelopmental effects of recently discovered, widespread arsenic poisoning from tubewells in rural Bangladesh also calls for further study (28).
An important limitation of this study, already mentioned, is the cross-sectional nature of the data, which limits their usefulness for causal inference. Thus, the associations between cognitive disability and postnatal nutritional deficiencies and brain infections could result from these exposures being markers for long-term exposures and, therefore, causes or from children with cognitive disabilities being at increased risk for these exposures. The fact that all brain infections associated with cognitive disability were reported by parents to have preceded or coincided with the onset of developmental delay in the children gives some support to the causal role of this exposure. A prospective study of urban and rural children with cerebral palsy in Bangladesh, however, demonstrated that almost all deaths occurred in the most severely malnourished children and were preceded by an infective episode (29). Another limitation imposed by the cross-sectional data is our inability to determine whether exposures not associated with the prevalence of cognitive disability in the population play important etiologic roles that are masked by selective mortality of children with those exposures. For example, the lack of association between consanguinity and serious mental retardation in urban areas may be due to the greater social disadvantage and higher child mortality of urban, consanguineous families. Our failure to identify histories of multiple birth, certain indicators of neonatal morbidity, or traumatic brain injuries as risk factors for cognitive disabilities in this population could similarly be due to selective mortality of exposed children. This limitation, it should be noted, is one that applies to virtually all epidemiologic studies of childhood cognitive disabilities, since an indeterminable number of those affected do not survive to an age at which cognitive disability can be diagnosed (30).
Other limitations are the retrospective nature of the risk factor data and the fact that they were based largely on parental report, which open the possibilities that random measurement error could mask important relations and/or that recall bias could produce spurious associations. In addition, the power of this study to detect odds ratios significantly different from unity was limited due to large standard errors of the regression coefficients that result from the weighted analysis required by the two-phase design of the survey. With this power limitation, only very strong associations could be detected; it is possible that factors not found to be significantly associated with cognitive disability in the multivariate analysis, such as childhood infections, lack of immunization, or breastfeeding, are important risk factors but were not identified as such because of the limited power of the study. For example, for the association between lack of breastfeeding and mild cognitive disability, the minimum odds ratio that would have had a 95 percent confidence interval excluding 1.0 would have been 3.8 because of the relatively large standard error of the logistic regression coefficient for this variable.
Despite these limitations, the risk factors identified point to specific interventions likely to have the greatest impact in preventing childhood cognitive disabilities in Bangladesh. These include strategies for poverty alleviation, maternal literacy programs, expansion of nutritional interventions to prevent iodine deficiency in mothers and children, and interventions to prevent postnatal brain infections. The complex association between consanguinity and serious cognitive disability found in this study calls for further research. If replicated, this finding would support the need to include public health education about the risks of consanguineous marriage within the list of priorities for primary prevention of cognitive disabilities among children in Bangladesh.
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