The Wrong Start:  Adverse Birth Outcomes

The Prevalence of Low Birthweight:  Babies born with low birthweight (LBW) constitute  10% of all babies in South Carolina.  Roughly nine times as many children were born with normal birthweight than LBW.  Therefore the problems of LBW babies and children are significant, but they affect a small percentage of all children.  Typically LBW is divided into very low birthweight (VLBW) and moderately low birthweight (MLBW).  VLBW below 1500 grams constitutes only 2% of all babies.  The highest rates of severe problems affect VLBW babies.  This is especially the case for extremely low birthweight (ELBW) babies below 1000 grams.  The lower the birthweight group (shown in 500 gram brackets), the smaller their share of all births but the higher their rate of problems.  As a result LBW children are important to target for screening, diagnostic testing, and targeted intervention, but they typically do not represent a major share of all children with any particular problem.

Percent of All Births

(2001-2003)

	
	Under 500
	500-999
	1,000-1,499
	1,500-1,999
	2,000-2,499
	2,500-2,999
	3,000-3,499
	3,500-3,999
	4,000-4,499
	4,500(+)

	Total
	0.23
	0.77
	0.97
	1.93
	5.99
	19.66
	37.61
	25.23
	6.55
	1.07

	AA&O
	0.44
	1.31
	1.44
	2.72
	8.37
	26.23
	38.16
	17.55
	3.34
	0.45

	White
	0.11
	0.47
	0.72
	1.49
	4.69
	16.05
	37.31
	29.45
	8.31
	1.40


Source: DHEC Vital Statistics
Adverse Consequences of LBW and Prematurity:  The percentage of children with poor health, behavior, and school outcomes associated with LBW and prematurity is higher than for those born with normal birthweight over 2500 grams.  Research has investigated these outcomes and found the following consequences of LBW:

	LBW CONSEQUENCES

	>     Consequences:

	>
	Infant Mortality

	>
	Physical Impairment

	>
	IQ Deficits

	>
	ADHD

	>
	Poor School Performance:

	 
	>  Retention in Grade

	
	>  Test Scores

	
	>  Special Education

	>     Not Consequences:

	>
	Behavior Problems Other than ADHD:

	 
	>  Conduct Disorders

	
	>  Oppositional/Defiant Personality

	
	>  Anxiety

	>
	LD or Speech & Language Disorders not Explained by IQ


A 1990 article in the Journal of the American Medical Association summarized the research findings then available.  These have changed little over the past 18 years.

A number of studies have found that LBW infants are at increased risk for developmental delay and for a variety of medical complications in infancy compared with their normal-birth-weight counterparts.  At later ages, LBW children tend to have lower scores on tests of cognitive functioning, are more prone to difficulties in behavioral adjustments, and are at risk for having learning problems and poor academic achievement, even when cognitive test scores are normal.  The risk for cognitive deficits is present throughout the full spectrum of birth weights less than or equal to 2500g, although the risk increases as birth weight decreases.  The likelihood of adverse developmental and scholastic outcomes also is greater in the face of socioeconomic disadvantage – itself a risk factor for low birth weight and prematurity – and places many LBW premature infants at dual risk from both biologic and environmental factors.

A more recent, yet similar summary of research was reported in 2004 by Pinto-Martin et al. in Paediatric and Perinatal Epidemiology.

A now substantial literature documents that school-aged children born LBW are at excess risk for mental retardation (MR) and borderline intelligence, and perform less well than their peers on tests of language, visual-perceptual organization, and memory, even when IQ is in the normal range.  Achievement scores have also been found to be lower in LBW children than in their peers with some tendency toward greater difficulty in math than reading.  ADHD symptoms are more common in LBW children.

Evidence on the consequences of LBW and prematurity can best be summarized for: infant mortality, IQ/mental retardation, behavior problems, and school performance problems as reflected by retention in grade or overage for grade, readiness assessment, academic achievement, and special education placement.

· Infant Mortality: The table below shows for each birthweight group the percentage of 
babies who die in their first week, their first month, and their first year. Ninety percent or more of the extremely premature babies born below 500 grams die in their first few days. One-fifth of those born with weight between 500 and 999 grams die in the first week and one-third die during their first year. Six percent of babies born with birthweight between 1,000 and 1,499 grams die in their first year. Infant mortality rates decline steadily as weight increases: 2.5% for those 1,500-1,999 grams, 1% for those 1,500-2,499 grams, and 0.26% for those over 2,500 grams. 
% Deaths in First Year 
(IMR)
	
	Under 500
	500-999
	1,000-1,499
	1,500-1,999
	2,000-2,499
	2,500(+)

	1st Year
	93.67
	33.62
	5.95
	2.51
	1.03
	0.26

	1st Month
	92.08
	28.21
	3.66
	       1.50
	0.57
	0.04

	1st Week
	89.97
	21.87
	2.29
	1.25
	0.39
	0.05


Source: DHEC Vital Statistics
· IQ/Mental Retardation:  No South Carolina data on IQ is available, but special education placement for profound and trainable mental disability and for educable mental disability is strongly related to birthweight. 

	
	Profound and trainable
	Educable

	Under 1000 grams
	
	             6.3%

	1000-1499
	
	             3.6%

	1500-1999
	
	             2.4%

	2000-2499
	
	             1.5%

	2500-3999
	
	             0.8%

	4000+
	
	             0.4%


Published research:  Breslau in 1995 reported the findings of 10 studies comparing low and normal birthweight children controlling for social class:  “each of these studies found a significantly lower mean IQ score in low birthweight children than in normal weight children.” These studies found that babies under 1000 grams had IQs 10-15 points lower than normal weight children, while those 1000-2000 grams were approximately 5 points lower, and those 2000-2500 likely to be 2 or 3 points lower than normal weight children.  For a single study Pinto-Martin in 2004 reported:  “IQ dropped by 5 points between the highest birth weight group (1500-2000 grams) and the intermediate birthweight group (1000-1500 grams), with an additional 5 point drop between the intermediate birthweight and lowest birthweight groups (under 1000 grams).”

· Behavior Problems:  South Carolina data shows that 5.5% of students in grades 6-8 were ADD or ADHD (hyperkinetic syndrome of childhood); and that on PACT 61% of children with ADD and ADHD  were below basic in math and 55% in English Language Arts. Data linking  ADD and ADHD to LBW shows: 
	
	ADD/ADHD 

	Birth Weight Group
	Number
	Percent

	Under 1000 grams
	42
	9.2

	1000 - 1499 grams
	61
	14.3

	1500 - 1999 grams
	105
	12.1

	2000 - 2500 grams
	325
	12.0

	2500 - 2999 grams
	973
	10.4

	3000 - 3499 grams
	1650
	9.2

	3500 - 3999 grams
	1058
	8.2

	4000 +   grams
	381
	9.0

	Total
	4595
	9.4


To determine the LBW relationship with ADD/ADHD, the birth certificate data on birthweight have been linked data warehouse files on services received, including Medicaid. Up to grades 4 or 5, the data show a significant 43% decline in prevalence of ADD/ADHD identified at any age from 14.3% for 1,000-1,499 grams down to 8.2% at 3,500-3,999 grams. Based on national research, it is likely that the 9.2% prevalence of ADD/ADHD for children born under 1,000 grams is a substantial underestimate, since these children are likely diagnosed and treated for  other, more problematic disabilities. 
Published Research:  In 1995 Breslau summarized existing research regarding the “behavioral and psychiatric sequelae of low birth weight”:

The most plausible conclusion is that low birth weight is associated specifically with attention deficit-hyperactivity disorder and with inattention of hyperactivity, symptom clusters that are typical of subtypes of attention deficit-hyperactivity disorder as recently formulated in the DSM-IV.  A similar conclusion was drawn by Buka et al. on the basis of a comprehensive review of studies published up to 1989.  The increment in attention deficit-hyperactivity disorder and related symptoms associated with low birth weight might be part of a cluster of neuro-developmental abnormalities which include minor neurological findings, developmental delays, and low IQ. The association between low birth weight and nonspecific behavior problems or social maladjustment, independent of the increase risk of attention deficit-hyperactivity disorder, is less clear.

In an article specifically investigating ADHD, Mick et al. summarized previous research literature:

A relatively consistent literature documents that LBW may be associated with ADHD.  For example, extremely low birth weight children (ELBW) (<1000 g) have a threefold increased risk of ADHD and increased ratings of inattention by teachers.  In an uncontrolled study of 87 ELBW children, 24 percent had ADHD, and these children accounted for the adverse cognitive, social, and academic problems of the overall ELBW sample.  Similar results have been reported in studies of children with very low birth weight (<1500 g). Breslau et al. found internalizing (ie., anxiety, depression, etc.) and externalizing (i.e., delinquency, hyperactivity, etc.) behavior problems in comparison with full-term controls; Hack et al. found that VLBW was associated with increased deficits in memory and increased hyperactivity; the Scottish Low Birth Weight Study Group reported that 47% of VLBW subjects had poor attention span and increased behavior problems;  Botting et al. found a predominance of ADHD in VLBW children in reference to normal birth weight (NBW) children (23% vs. 6%).


Even children with less extreme values of LBW (<2500 g) have been found to be at increased risk for psychopathology, school dysfunction, and hyperactivity.  Breslau et al reported that LBW children with an IQ <100 were at increased risk for ADHD.  Upon follow-up, Breslau and Chilcoat found that attentional problems worsened from ages 6 to 11 years, but that this effect was limited to LBW children from an urban setting.  At follow-up, a trend toward a gender interaction was also reported that indicated boys may be more susceptible to the LBW-associated vulnerabilities for ADHD than females.

In their own study Mick et al. reported:

The objective of the study was to evaluate an association between low birth weight (LBW) and attention-deficit hyperactivity disorder (ADHD) attending to potential family-genetic and environmental confounders.  ADHD cases were three times more likely to have been born LBW than were non-ADHD controls, after attending to potential confounders such as prenatal exposure to alcohol and cigarettes, parental ADHD, social class, and comorbid disruptive behavior disorders in parents and offspring.  If this association was causal, 13.8% of all ADHD cases could be attributed to LBW.  These results converge with prior studies documenting similar associations and indicate that LBW is an independent risk factor for ADHD.  Children with LBW, however, make up a relatively small proportion of children with ADHD.

· Retained or Overage for Grade:  South Carolina data shows a strong relationship of retention and overage-for-grade with LBW:
	Birthweight
	Retention in Grade at Age 9 in NJ
	Retention in US Kindergarten or 1st Grade
	Overage for Grade at Age 9 in SC



	
	%
	%
	%

	Under 1,000
	18
	15
	33

	1,000 – 1,500
	10
	
	29

	1,501 - 2,000
	6
	12
	25

	2,001 - 2,499
	NA
	
	19

	2,500 - 3,999
	NA
	7
	15

	4,000 (+)
	NA
	
	12


Published Research:  Using the Child Health Supplement of the National Health Interview Survey, Corman and Chaikind found that “holding other variables constant at their mean values, for all ages and all children, about 31% of low birthweight children will repeat a grade by grade 10.  This compares with about 26% of normal birthweight children.”  Using the same data source, Byrd and Weitzman found:  

Nationally, 7.6% of children repeated kindergarten or first grade.  In a logistic regression model, factors independently associated with increased risk of grade retention were:  poverty [Odds Ratio (OR) 1.7], male gender (OR 1.5), low maternal education (OR 1.4); deafness (OR 1.9), speech defects (OR 1.7), low birth weight, (OR 1.6), enuresis (OR 1.6) and exposure to household smoking (OR 1.4).  High maternal education (OR 0.6) and residence with both biological parents at age 6 years (OR 0.7) were independently associated with decreased risk of retention.  Recurrent otitis media, black race and low maternal age, although associated with early grade retention in bivariate analyses, were not independently associated with grade retention in a model that controls for these other factors and for the age cohort of the child. Although omitted from the above predictive model because of uncertainty about its temporal relation to early grade retention in this dataset, behavior problems at the time of interview have a strong independent association (OR 1.9) with prior early retention.

Deafness in one or both ears, low birth weight, enuresis, speech defects, household exposure to cigarette smoke, and frequent otitis were independently associated with repeating kindergarten or first grade.  OR for each of these health characteristics, when adjusting for the other variables, were of similar magnitude to those social factors, such as poverty, low maternal education, and non-intact family structure, which also were independently associated with an increased risk of retention.

Additional logistic regression analyses that included behavior problems were carried out.  Although the temporal relation between retention in early grades and behavior problems could not be determined from the survey data, an extreme behavior problem score at or above the 90th percentile at the time of the survey was highly associated with prior retention.  The adjusted OR was 1.9 .

· Academic Achievement:  South Carolina 1995/96 birth records were linked to kindergarten SC Readiness Assessment results and 3rd grade PACT scores for children in 500 gram groups.

	
	Kindergarten SCRA not consistently ready
	3rd Grade  PACT

       Below Basic                 Below Basic 1

	Under 1000 grams
	55%
	45%
	27%

	1000 - 1499
	47%
	37%
	  22.5%

	1500 - 1999
	43%
	34%
	18%

	2000 - 2499
	36%
	32%
	14%

	2500 - 3999
	30%
	   23.5%
	12%

	4000+
	25%
	   17.5%
	8%


Published research: Using data from the National Longitudinal Survey of Youth-Child Data, Boardman et al found that VLBW is associated with substantially lower achievement and MLBW with moderately lower achievement; that the effect of VLBW does not decline with age but MLBW effects disappear by age 14; and that with increasing age the effect of LBW declines whereas the black-white achievement gap grows substantially.

Are there any independent negative effects associated with low-birthweight status on children’s developmental outcomes?  According to these values, VLBW is associated with a 9.5- and 11.4-point decrease in children’s PIAT-Math and PIAT-Reading scores, respectively.  And although significantly smaller in magnitude (b= -2.9, p<.001), the estimated net effect of MLBW on each PIAT assessment is, as well, negative and statistically significant.  This finding is important because these models control for a range of meaningful social and economic characteristics.  In other words, although VLBW and MLBW children are more likely to be from relatively disadvantaged backgrounds, both VLBW and MLBW statuses are operating independently of these socioeconomic characteristics to have adverse effects on developmental outcomes.

We first focus on the interaction of birth weight by child’s age.  The deleterious effect of MLBW status on PIAT scores significantly decreases in magnitude by over half a point with each additional year of age.  The negative effect associated with VLBW status, however, does not vary by age.  It is also important to note that non-Hispanic black children fall increasingly behind their non-Hispanic white counterparts on both PIAT assessments from age 6 to 14.  This relationship is most pronounced among reading scores, where the black-white differential increases by roughly 2 points with each additional year of age.  Among the PIAT-M scores, the rate at which black children fall behind white children is not as severe (b = - 0.67, p < .001), but follows a pattern similar to that of the PIAT-RR scores.  MLBW children score over 4 points lower than NBW children with similar social and economic characteristics at age 6; but by age 14, there is no difference between MLBW and NBW children on the PIAT-RR.  The disparity between black and white children’s scores, however, operates in the opposite direction:  at age 6, net of social and economic controls, non-Hispanic black children score, on average, less than 4 points lower than non-Hispanic white children.  By age 14, however, this differential is greater than 18 points.  The same general pattern holds for PIAT-M scores. 

We also observed significant interaction terms for child’s age with maternal age, gender (math only), HOME score (math only), education (reading only), and marital status (reading only).  In particular, although girls score slightly higher on the PIAT-M assessment at age 6, on average, they appear to fall a 0.5 percentile point behind boys every year.  Equally important is the increasing difference between the reading scores of children whose mothers have less than a high school education and those whose mothers completed college.  At age 6, children with mothers who did not graduate from high school score an estimated 15 points lower on the PIAT-RR than do those whose mothers graduated from college; at age 14, this gap is over 20 points.  Last, on the PIAT-RR, children of unmarried mothers fall an estimated 0.3 point behind children whose mothers are married with every year.  At age 6, children whose mothers are unmarried do not significantly differ from children whose parents are married on the PIAT-RR.  By age 14, however, children of unmarried mothers score roughly 2 points lower than do those whose parents are married.  Taken together, this complete set of interaction effects suggests that whereas the effects of birth  outcomes either remain constant (VLBW) or decrease (MLBW) in significance with a child’s increasing age, the influence of many of the social risk factors is more pronounced among older children.

In a smaller sample, Pinto-Martin et al. found the following achievement association with LBW groups.

Two studies which used the Woodcock-Johnson achievement test to measure school achievement found between 20 and 28% of ELBW children were scoring > 2 S.D.s below the mean.  Studies reviewed consistently reported lower IQ scores for children born at VLBW or ELBW.  In addition, math achievement scores are consistently reported to be more sensitive to the effects of LBW than reading achievement scores.  Children in this cohort who were in special education had lower IQ and performance scores, particularly math achievement, and their scores were inversely related to the child’s weight at birth.

· Special Education Placement:  South Carolina 1995/96 birth files were linked to 
Special Education placement in 2006, typically for 3rd or 4th grade.
	Birthweight
	NJ
	FL
	SC

	
	Age 9
	Ages 12-15
	Ages 9-10

	Under 1,000
	49
	45
	43

	1,000-1,499
	33
	34
	35

	1,500-1,999
	29
	28
	23

	2,000-2,499
	NA
	22
	20

	2,500-2,999
	NA
	19
	16

	3,000-3,499
	NA
	16
	

	3,500-3,999
	NA
	15
	

	4,000-4,499
	NA
	15
	16

	4,500-4,999
	NA
	15
	

	5,000 (+)
	NA
	19
	


Published Research:  Studies in other states have found special education placement rates similar to those of South Carolina for birthweight groups.  Avchen et al. linked all Florida births for a three year period to public school special education placement records and calculated the relative risk by birthweight level for each special education category.

ODDS RATIOS IN FLORIDA

(Ages 12-15)

	Disability Categories
	Under 1,000
	1,000-1,499
	1,500-1,999
	2,000-2,499
	2,500-2,999
	3,000-3,499
	3,500-3,999

	Orthopedically Impaired
	28.3
	27.0
	8.3
	3.1
	1.9
	1.2
	1.0

	Trainable & Profoundly Mentally Handicapped
	22.1
	12.1
	6.2
	3.4
	2.3
	1.4
	1.0

	Educable Mentally Handicapped
	8.4
	5.4
	4.2
	3.4
	2.3
	1.4
	1.0

	Speech & Language Impaired
	2.5
	2.1
	1.9
	1.5
	1.4
	1.2
	1.0

	Emotionally Handicapped
	1.0
	1.4
	1.7
	1.4
	1.3
	1.1
	1.0

	Learning Disabled
	1.3
	1.4
	1.4
	1.3
	1.1
	1.0
	1.0


Andrews et al. linked ten years of birth records to New York City special education and other public records.  They calculated the set of variables that best predict special education placement:  poverty (Medicaid eligible), unmarried mother, large family size, low parental education, male gender, low Apgar score, and LBW.  In their predictive equations, the odds ratio representing the increased probability of placement in special education for LBW independent of other factors was 47% higher for all disability categories, 130% higher for mental retardation, and 48% higher for learning disorders.  LBW had the third highest odds ratio at 1.47, after male gender (2.06) and Apgar score below 8 (1.58), but above parental education under 12 years (1.37), unmarried mother (1.22), Medicaid payor at birth, mother born in the USA (1.19), more than one previous delivery (1.18), and less than 7 prenatal visits (1.11).  This analysis reinforces the lesson from the Boardman review of determinants of achievement scores:  that LBW exerts an important independent effect on school performance, but that it is only one of many interacting causal factors.  Social and economic factors exerted through the family are much more important except for the strong impact of VLBW on retardation (IQ), physical disabilities, and also ADHD to a lesser degree.
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