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IV. Data

To understand the sources of innovation in infant medical care, and the consequences of those innovations, we use data on mortality by race and cause, and on medical innovation.  We describe the sources in turn.  The mortality data we employ come from cohort linked birth / infant death (LBID) files produced by the National Center for Health Statistics (NCHS, various years).  These files contain a nearly universal sample of births and infant deaths in the United States, formed by compiling data from birth and death certificates.
  Deaths that occur within one year of birth are matched back with their birth certificates to create the linked records.  The files are organized by annual, calendar year birth cohorts, so deaths may be from the same year or the following year as long as they occur within 365 days of birth.  

The earliest LBID data is from 1960.  However, only published tabulations of those data exist, and the published tabulations do not have the detail we need.  The next year of linked data are from 1983, and are available in micro data.  We thus use data from 1983-85 as our early time period.
  …  Changes in the coding of cause of death from the ICD-9 to the ICD-10 after 1998 led to substantial differences in cause-specific death rates among low birth weight births, so our later time period uses data from 1996-98.  For example, the recorded RDS death rate among births 500-999g dropped by 22 percent from 1998 to 1999, and the recorded SIDS death rate among births 2000-2499g dropped by 23 percent, yet there are no apparent clinical explanations for such large drops.  This change in available data precluded analysis of trends after 1998.

From the LBID records, we use information on birth weight, the mother’s race and Hispanic ethnicity, singleton or plurality of birth, and the underlying cause of death.  We include births only to black or white mothers, excluding births to Hispanic mothers to limit the effect of increasing immigration over time.  We further exclude plural births to limit the effect of secular changes in multiple births due to fertility treatment and a contemporaneous rise in maternal age, which increases the risk of multiple births[.]
…
A. Causes of Death

For each infant who dies, the LBID data report an underlying cause of death.  We use this to calculate death rates for specific conditions, separately by race.  The causes of death are grouped into categories based on an NCHS categorization of the International Classification of Diseases - 9th Revision (ICD-9) codes (the 61 Cause Recode); Appendix 1 has details, including a full list of the condition categories.  After making adjustments to the causes, we identified 69 independent conditions, and one residual category.

…
B. Measures of Innovation

We construct two measures of innovation related to infant conditions: the number of NIH grants associated with each condition, and the number of peer-reviewed journal publications associated with each condition.  Each of these has been used as a measure of innovation in past studies.  The grants data come from the Computer Retrieval of Information on Scientific Projects (CRISP) database of biomedical research grants, maintained by the NIH.
  Each entry includes a thesaurus of key words, allowing us to search for relevant grants.  A complete list of our search terms is available from the authors upon request.  In cases when the use of multiple search terms returned duplicate grants, we removed duplicates from the final counts.  However, to capture the size of a grant, we counted each year of funding (grant cycle) separately.  We created counts of these grant-years for two periods, 1975-82 and 1983-98, to capture new innovative effort during our study period as well as earlier research that may have produced clinically useful results between 1983 and 1998.

The publications data come from the MEDLINE database of medical journal articles, maintained by the National Library of Medicine.  This database has an index of hierarchical subject headings, so identifying articles that are relevant to a particular cause of death can be accomplished by searching on the appropriate headings, when available.  First, we identified subject headings denoted as “major” topics, and searched on these major topics that closely matched terms from the NCHS categorization of causes of death.  In some cases, there were no “major” topic subject headings matching the cause of death (or category) sufficiently, so we searched for terms in the titles and abstracts of articles.  A complete list of our search commands is available upon request.  For all causes, we counted articles that were published during the study period (1983 to 1998).  

…
In some cases, categories are too broad to identify a relevant subject category for grants or publications (for example, “viral diseases,” or “remainder of diseases of respiratory system”).  In the absence of a thesaurus term or subject heading that captured a given condition, we did not include grant or article counts on that condition.  Out of 69 possible categories (not counting the residual category), we successfully constructed grants counts for 49 conditions and article counts for 41 conditions.  The conditions with both measures account for over 85 percent of deaths not in the residual category, or 66 percent of all deaths, in the initial period.

Appendix 1

Cause of Death Data

We start with cause of death as identified on ICD-9 forms and tabulated by the National Center for Health Statistics.  We then modify this in several ways.  First, we formed 10 additional categories by breaking apart two NCHS categories that grouped together distinct conditions with over 100 deaths in 1983-85: 770.xx and codes 775.2-775.9.  We also formed five categories by identifying conditions within the NCHS residual group with over 250 deaths in this period, based on ICD-9, 3-digit codes.  In addition, we moved four of the NCHS categories into a residual category because they do not identify a specific condition, but are rather residual catchall categories (for example, “...unspecified,” or “all other”).  

Specifically, our modifications from the NCHS 61 Cause Recode were: the category for “other respiratory conditions of newborn” (ICD-9 code 770) was subdivided into congenital pneumonia (770.0), massive aspiration syndrome (770.1), interstitial emphysema and related conditions (770.2), pulmonary hemorrhage (770.3), primary atelectasis (770.4), other and unspecified atelectasis (770.5), and chronic respiratory disease arising in the perinatal period (Bronchopulmonary dysplasia, Wilson-Mikity syndrome) (770.7); “all other and ill-defined conditions originating in the perinatal period” (codes 775.2-775.9, and 776.1-779) was subdivided into disseminated intravascular coagulation in newborn (776.2), necrotizing enterocolitis in fetus or newborn (777.5), and hydrops fetalis not due to isoimmunization (778.0); and categories were created for disorders of fluid, electrolyte, and acid-base balance (276), cardiomyopathy (425), primary pulmonary hypertension (416.0), cardiac arrest (427.5), and renal failure, unspecified (586).  The final 69 categories are shown in Table A1.

Table A1

Cause of Death Categories

	
	
	Articles*
	NIH Grants*

	ICD-9 Codes
	Condition(s)
	1983-98
	1983-98
	1975-82

	001-007, 010-032, 034-035, 037, 
039-041, 042-044, 080-088, 091-139
	Remainder of infectious and parasitic diseases
	a
	a
	a

	008-009
	Certain intestinal infections
	b
	172
	38

	033
	Whooping cough
	b
	113
	17

	036
	Meningococcal infection
	b
	b
	b

	038
	Septicemia
	2466
	160
	94

	045-079
	Viral diseases
	a
	a
	a

	090
	Congenital syphilis
	b
	23
	3

	140-208
	Malignant neoplasms, including neoplasms of lymphatic and hematopoietic tissues
	a
	a
	a

	210-239
	Benign neoplasms, carcinoma in situ, and neoplasms of uncertain behavior and of unspecified nature
	a
	a
	a

	254
	Diseases of thymus gland
	b
	b
	b

	276
	Disorders of fluid, electrolyte, and acid-base balance
	1640
	145
	62

	277
	Cystic fibrosis
	b
	224
	158

	280-289
	Diseases of blood and blood-forming organs
	3689
	30
	8

	320-322
	Meningitis
	1630
	223
	48

	323-389
	Other diseases of nervous system and sense organs
	a
	a
	a

	416
	Primary pulmonary hypertension
	336
	277
	54

	425
	Cardiomyopathy
	924
	17
	0

	427.5
	Cardiac arrest
	287
	77
	23

	460-465
	Acute upper respiratory infections
	a
	a
	a

	466, 490-491
	Bronchitis and bronchiolitis
	694
	186
	109

	480-486
	Pneumonia
	1810
	351
	107

	487
	Influenza
	b
	156
	61

	470-478, 492-519
	Remainder of diseases of respiratory system
	a
	a
	a

	520-534, 536-543, 562-579
	Remainder of diseases of digestive system
	a
	a
	a

	535, 555-558
	Gastritis, duodenitis, and noninfective enteritis and colitis
	b
	0
	0

	550-553, 560
	Hernia of abdominal cavity and intestinal obstruction without mention of hernia
	B
	b
	b

	586
	Renal failure, unspecified
	1088
	120
	68

	740
	Anencephalus and similar anomalies
	681
	31
	52

	741
	Spina bifida
	777
	153
	69

	742.3
	Congenital hydrocephalus
	1301
	88
	60

	742.0-742.2, 742.4-742.9, 743
	Other congenital anomalies of central nervous system and eye
	b
	52
	0

	745-746
	Congenital anomalies of heart
	8334
	364
	375

	747
	Other congenital anomalies of circulatory system
	2525
	147
	61

	748
	Congenital anomalies of respiratory system
	1137
	64
	5

	749-751
	Congenital anomalies of digestive system
	2717
	27
	3

	752-753
	Congenital anomalies of genitourinary system
	980
	8
	0

	754-756
	Congenital anomalies of musculoskeletal system
	2047
	34
	12

	758
	Down's syndrome
	1242
	153
	156

	758.1-758.9
	Other chromosomal anomalies
	474
	74
	1

	760
	Newborn affected by maternal conditions which may be unrelated to present pregnancy
	b
	b
	b

	761
	Newborn affected by maternal complications of pregnancy
	1144
	119
	25

	762
	Newborn affected by complications of placenta, cord, and membranes
	419
	87
	3

	763
	Newborn affected by other complications of labor and delivery
	b
	34
	0

	764
	Slow fetal growth and fetal malnutrition
	b
	b
	b

	767
	Birth trauma
	1815
	74
	47

	768.2-768.4
	Fetal distress in liveborn infant
	289
	101
	38

	768.5-768.9
	Birth asphyxia
	1161
	19
	1

	769
	Respiratory distress syndrome
	2803
	776
	509

	770
	Congenital pneumonia
	26
	3
	3

	770.1
	Massive aspiration syndrome
	256
	3
	7

	770.2
	Interstitial emphysema and related conditions
	319
	42
	12

	770.3
	Pulmonary hemorrhage
	86
	37
	2

	770.4
	Primary atelectasis
	73
	37
	13

	770.5
	Other and unspecified atelectasis
	b
	b
	b

	770.7
	Chronic respiratory disease arising in the perinatal period (Bronchopulmonary dysplasia, Wilson-Mikity syndrome)
	879
	621
	29

	771
	Infections specific to the perinatal period
	1162
	125
	37

	772
	Neonatal hemorrhage
	825
	150
	54

	773-774
	Hemolytic disease of newborn, due to isoimmunization, and other perinatal jaundice
	2287
	55
	54

	775.0-775.1
	Syndrome of "infant of a diabetic mother" and neonatal diabetes mellitus
	b
	b
	b

	776
	Hemorrhagic disease of newborn
	153
	34
	20

	776.2
	Disseminated intravascular coagulation in newborn
	106
	23
	10

	777.5
	Necrotizing enterocolitis in fetus or newborn
	624
	163
	28

	778
	Hydrops fetalis not due to isoimmunization
	1
	2
	4

	798
	Sudden infant death syndrome
	2703
	673
	387

	E911-E912
	Inhalation and ingestion of food or other object causing obstruction of respiratory tract or suffocation
	c
	c
	c

	E913
	Accidental mechanical suffocation
	c
	c
	c

	E800-E910, 
E914-E949
	Other accidental causes and adverse effects
	c
	c
	c

	E967
	Child battering and other maltreatment
	c
	c
	c

	E960-E966, 
E968-E969
	Other homicide
	c
	c
	c


* Data are not available for all categories.  See the discussion on page 19 for further information.  Specific reasons for the absence of data are as follows:

a. Overly broad category.

b. Lack of appropriately targeted search terms.  In some cases, in the MEDLINE database, we were unable to effectively restrict searches to infant conditions despite the presence of an “infant” qualifier.

c. Not a medical condition.
�. In 1983 and 1984, some states created records for only half of births, randomly selected, but all deaths were entered.  Birth records have weights to adjust for the sampling.


�. We pool years to improve death rate estimates for relatively rare conditions.


�. At the time these data were collected, grant award amounts were not available from the online interface for CRISP.


�. We elected to start counting grants in 1975 due to data availability at the start of this study (at that time data were not available earlier), and because we felt that eight years offered ample time for grant activity to begin to disseminate through various channels.  In practice, our results show little sensitivity to the choice of time period, except that earlier grants are somewhat stronger predictors of mortality changes compared with later grants.
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