DATA APPENDIX:

The province of Manitoba was chosen for this study because of the unique ability to link the sources of data used in this paper. With a population of 1.17 million, Manitoba has the 5th largest population among Canada's provinces and territories.  Within Canada, Manitoba has generally ranked in the mid-range of a series of indicators of health status, socioeconomics, and health care expenditures.

The data used in this study come from a number of sources.  The birth data originate from Manitoba Health hospital records. The registry contains information on all births in Manitoba since 1970.  Siblings are linked to mothers using hospital birth record information. The registry data allow us to specify the mother in all cases. Fathers are specified in 85 percent of cases.  When an individual turns eighteen years old, he or she receives his or her own family identification number.  On marriage, a female receives the identification number of her husband.  Both the mother’s identification number (an encrypted Personal Health Identification Number) and the family identification number are used to define siblings
.  Several checks on this algorithm as applied to the nine years of birth cohorts (looking at missing data, the number of children designated as having the same mother and father, and complicated blended families) have indicated it to be highly accurate.

Information on the provincial language arts test is taken from education enrollment records and linked to the provincial registry. Taken in grade 12, these tests contribute 30 percent to the students’ final course grade. Individuals pass the language arts test by scoring 50 percent or more on a comprehensive exam. The test focuses on reading comprehension, exploring and expanding on ideas from texts, the management of ideas and information, and writing and editing skills.  For each birth cohort, we record the test score in 5 percentage point categories (13 in total, with a residual 14th for students scoring between 0 and 35 percent) in the year that most students write the test. Within each birth cohort, approximately 40% of test scores are missing.  We impute scores for missing students based on the reason for missing information (ranking them below the lowest scoring category among those who wrote the test).

The missing data categories, listed from highest to lowest rank are: absent (about 1 percent of each birth cohort sample); In grade 12 but not tested (about 8 percent); In grade 11 or lower (about 19 percent), Not enrolled (about 2 percent), and Withdrawn from School (about 10 percent). For the entire sample, we therefore have 19 test score categories.  Following methods discussed by Mosteller and Tukey (1977) and Willms (1986), we compute a standardized score for each individual by assuming an underlying logit distribution, which is divided into pieces according to the percentage of cohort members in each category.  Scores are calculated separately for each birth cohort because of small changes in the categories available and in the percentage distribution each year.  In a typical year, the highest scorers are given an index score of 2.96, while those withdrawn from school are given a score of -1.84.  The logit transform produces an index with an overall mean of zero and a standard deviation of one.  The ordering on this index is closely correlated with the student’s eventual graduation status.
We remove children who ever had a diagnosis of mental retardation from the sample.  This includes ICD9’s 317 to 319 and ICD10’s F70-F79.
Appendix Table 1 shows means of the “control variables” that are available in our administrative data.   Note that while we start with approximately the same number of children in each birth cohort, the focus on comparing siblings means that in our sibling sample, children in the middle cohorts are more likely to be retained in the sample (because they are more likely to have a sibling in the sample).

In order to collapse the number of health measures to a manageable number in an objective and arms-length way, we use Adjusted Clinical Group (ACG) software developed by researchers at Johns Hopkins University (The Johns Hopkins University, 2003).   The ACG is designed to measure morbidity by clustering individuals by their age, gender, and constellations of diagnoses.  Medical providers indicate diagnoses using what are called International Classification of Disease 9th or 10thedition (ICD9 or ICD10) codes.  This software groups 14,000 ICD9 codes into 32 groups (called Aggregated Diagnostic Groups or ADGs) on the basis of 5 criteria:  1) duration of the condition (acute, recurrent, or chronic), 2) severity of the condition (e.g. minor and stable versus major and unstable), 3) diagnostic certainty (symptoms focusing on diagnostic evaluation versus documented disease focusing on treatment), 4) etiology of the condition (infectious, injury, or other), and 5) specialty care involved (medical, surgical, obstetric, etc.)   Individuals are assigned an ADG code if they have been diagnosed with any of the ICD9/10 codes in the group in either a physician or hospital visit over the past year.   A person can have from zero to 32 ADGs.   The system further classifies diagnoses as “major” or “minor”, a distinction we take advantage of in our study.  

The ADG system has been extensively validated in the U.S.  (Weiner, Starfield, Steinwachs et al., 1991; Weiner, Starfield, and Lieberman, 1992; Powe, Weiner, Starfield et al., 1998;  Wiener, Dobson, Maxwell et al., 1996).  The Manitoba Center for Health Policy has also evaluated the application of the ACG software to the Manitoba administrative data (Reid et al., 1999).  They found, for example, that the diagnostic codes used in Manitoba worked well with the ACG software, and that the fraction of people with no valid code in a given year (18%) was similar to that expected on the basis of previous analyses of Manitoba data.  (People have no valid code if they did not see a doctor at all during the reference period).  About 16% of the population had 4 or more ADG codes in a year.  The system also generated a distribution of relative expenditures similar to that seen in other data sets (Minnesota Medicaid recipients, and a large U.S. HMO), suggesting that relative expenditures for different types of illness are not very different in Canada and the United States.  Finally, the MCHP study verified that areas with high rates of premature mortality also had higher morbidity as measured by the ACG system.

We use the ADG codes to construct the health measures used in the analysis.  In each case the measure is constructed to cover a specific age range for the child defined by the date of birth for the child (rather than by calendar years). So, for example, we sum the number of major condition codes recorded in each year between ages 0 and 3 to get a measure of the number of major conditions in that age range.  We construct this measure for the age ranges 0-3, 4-8, 9-13 and 14-18.   

Major conditions are defined using ADG codes 3, 9, 11, 12, 13, 18, 25 and 32.  These codes capture most of the chronic and acute major illnesses faced by children including orthopedic, ear, nose throat and eye problems, cancers, and a variety of other acute major illnesses. 

The definition of a “major ADG” comes directly from the John Hopkins software and depends on the age of the child.  For children ages 0-17 it includes ADGs 3,9,11,12,13,18, 25 and 32 and for children ages 18 and older it includes 3, 4, 9, 11, 16, 22, 25, 32. For the sake of defining a consistent measure across age groups, we re-define the major ADG group using the 0-17 definition for all ages in the sample.  

ICD9 codes have been used for both physician claims and hospital separation abstracts through March 31, 2004.  These will have generated the ADG scores for all nine birth cohorts up through age 14.  Beginning April 1, 2005, ICD10 coding was adopted for hospital separation abstracts. Because of this, a relatively small number of ICD10 diagnoses (N=447) on abstracts from the 1985-1987 birth cohorts were also used in categorizing major conditions. 

Appendix Table 2 shows the most prevalent ICD9 codes generating major conditions for each age group.  While the most common serious conditions change as children age, hearing and vision problems are important in each age group.  Appendix Table 3 shows the most prevalent ICD9 codes generating major injuries.  While the most common serious conditions change as children age, “open wound of the head” and “certain adverse conditions, not elsewhere classified” are important categories at all ages.  


Appendix Table 4 shows the most prevalent  ICD9 codes for congenital problems and perinatal problems (ICD9 740 to 779).   By definition, these conditions occur at birth or slightly thereafter.  However, children with serious congenital/perinatal problems continue to have contacts with the medical system that are related to these diagnoses.  Hence, one can sum the number of contacts having to do with congenital/perinatal problems at each age.  In our regression models, we control for the number of contacts related to congenital/perinatal problems at each age group.

The health measures are generated from physician visits and hospital separation abstracts.  Emergency department and hospital outpatient visits are not uniformly included in the data sets.  Some of these visits are captured as (physician) ambulatory visits.  An earlier analysis using 1 year of Winnipeg data found that 4.9 percent of ambulatory care was provided by emergency departments and outpatient clinics and that residents of lower income neighborhoods were disproportionately likely to receive such care.
 
  In our records, 2.5 percent of physician claims are for emergency room visits, and 1.6 percent of hospital claims over the period 1979-2004 are for outpatient visits.  This comparison suggests that about 1 percent of visits could be missing.

Our analysis is based on ADGs and numbers of ADGs rather than on numbers of visits.   Hence, if a child with a missing visit had another contact for a diagnosis in the same ADG within a four year period (e.g. a follow up visit), that child’s condition would be included in our analysis.   Nevertheless, in order to gauge the potential importance of missing visit records, we conducted the comparison shown in Appendix Table 5.  This table shows the number of ADGs for each age group calculated first using the entire sample of visits available, and then excluding the ER and outpatient records that we do have.   Clearly, this exclusion makes very little difference to the average number of ADGs.  It also had no effect on the maximum number of ADGs observed, so we have chosen to conduct our analysis using the entire sample of visit records.  

Finally, we have examined the number of children who do not have any medical contacts in each 4 year period.  It is extremely small, only .63 of a percent in the 0-3 and 4-8 age ranges, rising to 1.24 and 1.29 in the 9-13 and 14-18 age ranges.  Only 10 children lack visits over the whole 0-18 interval.  These may be due to data entry errors, including children who left the province, but whose exit was not recorded.  In any case, it is not the case that large numbers of children will lack diagnoses because they lack any access to medical care.
Appendix Table 1: Control Variables Used in Analysis 
















Mean

Standard Deviation
Birth weight 0-999 grams
.001






Birth weight 1000-1499 grams
.003




Birth weight  1500-2499 grams
.043




Birth weight 2500-3499 grams
.476




Congenital/Perinatal 0-3

.156
# Congenital/Perinatal 0-3
.222


.587
Congenital/Perinatal 4-8

.016
# Congenital/Perinatal 4-8
.027


.263
Congenital/Perinatal 9-13
.012
# Congenital/Perinatal 9-13
.019


.209
Congenital/Perinatal 14-18
.013
# Congenital/Perinatal 14-18
.019


.208
Mother married at birth

.843


Mother<20 at birth

.073


Mother>=20, <25 at birth
.298


Mother>=25,<35 at birth
.581


Mother 35+ at birth

.048


Child Male


.514


Child first born


.308


Child 2nd born


.377


Child 3rd born


.191


Child 4th born


.072


Child 5th born or higher

.052


# children in family=2

.294


# children in family=3

.342



# children in family=4

.180


# children in family=5

.184


Birth year 1979


.076


Birth year 1980


.100


Birth year 1981


.119


Birth year 1982


.154


Birth year 1984


.171


Birth year 1985


.139


Birth year 1986


.118


Birth year 1987


.123


# Observations


50404


Appendix Table 2: Top 10 ICD9 Codes for Children with Major Conditions, 
by Age Group

	
	0-3 Year Olds (Total Number of Diagnoses=10061)
	
	

	ICD9                                                                  
	Description of condition
	#Cases   
	%Cases

	378
	Strabismus, Other disorder binocular eye
	1647
	15.57

	373
	Inflammation of eyelids
	1219
	12.12

	389
	Hearing Loss
	1060
	10.54

	579
	Intestinal malabsorption
	454
	4.51

	530
	Diseases of esophagus
	341
	3.39

	385
	Other disorder middle ear and mastoid
	233
	2.32

	560
	Intestinal obstruction w/o hernia
	232
	2.31

	518
	Other diseases of lung
	194
	1.47

	514
	Pulmonary congestion - hypostasis
	142
	1.41

	707
	Chronic ulcers of skin
	142
	1.43

	
	4-8 Year Olds (Total Number of Diagnoses=9429)
	
	

	389
	Hearing loss
	2334
	24.75

	378
	Strabismus, other disorder binocular eye
	1323
	14.03

	373
	Inflammation of eyelids
	1216
	12.90

	385
	Other disorder middle ear and mastoid
	266
	2.82

	541
	Acute appendicitis
	217
	2.30

	540
	Appendicitis, unqualified
	182
	1.93

	707
	Chronic ulcer of skin
	146
	1.55

	259
	Other endocrine disorder
	117
	1.24

	540.9
	Acute appendicitis w/o peritonitis
	115
	1.22

	448
	Disease of capillaries
	112
	1.19

	
	9-13 year olds (Total Number of Diagnoses= 10084)
	
	

	373
	Inflammation of eyelids
	1431
	14.09

	389
	Hearing loss
	872
	8.65

	378
	Strabismus, other disorder binocular eye
	791
	7.84

	717 
	Internal derangement of knee
	736
	7.30

	540
	Acute appendicitis
	476
	4.72

	718
	Other derangement of joint
	430
	4.26

	541
	Appendicitis, unqualified
	338
	3.35

	5409
	Acute appendicitis w/o peritonitis
	279
	2.77

	259
	Other endocrine disorders
	265
	2.63

	905
	Late effect musculoskeletal & connective tissue injury
	186
	1.84

	
	14-18 year olds (Total Number of Diagnoses=16646)
	
	

	717
	Internal derangement of knee
	1557
	9.35

	373
	Inflammation of eyelids
	1548
	9.30

	718
	Other derangement of joint
	839
	5.04

	296
	Affective psychoses
	776
	4.66

	530
	Diseases of esophagus
	639
	3.84

	540
	Acute appendicitis
	535
	3.21

	389
	Hearing loss
	486
	2.92

	541
	Appendicitis, unqualified
	421
	2.53

	303
	Alcohol dependence syndrome
	393
	2.36

	370
	Keratitis
	356
	2.14


Appendix Table 3: Top 10 ICD9 Codes for Children with Major Injuries, by Age Group

	
	0-3 Year Olds (Total Number of Diagnoses=31583)
	
	

	ICD9                                                                  
	Description of condition
	#Cases   
	%Cases

	873
	Other open wound of head
	8483
	26.86

	995
	Certain adverse effects, not elsewhere classified
	3184
	10.08

	854
	Intracranial injury other unspecified nature
	2814
	8.91

	883
	Open wound of finger(s)
	1478
	4.68

	977
	Poison-other/unspecified drugs/medicinal
	1134
	3.59

	879
	Open wound other unspecified site except limbs
	936
	2.96

	892
	Open wound foot except toe(s) alone
	799
	2.53

	850
	Concussion
	659
	2.09

	882
	Open wound of hand except finger(s)
	575
	1.82

	360
	Disorders of the globe-eye, adnexa
	535
	1.69

	
	4-8 Year Olds (Total Number of Diagnoses= 31508)
	
	

	873
	Other open wound of head
	8103
	25.72

	995
	Certain adverse effects, not elsewhere classified
	3199
	10.15

	854
	Intracranial injury other unspecified nature
	1886
	5.99

	892
	Open wound foot except toe(s) alone
	1639
	5.20

	883
	Open wound of finger(s)
	1580
	5.01

	891
	Open wound knee, lower leg and ankle
	1315
	4.17

	879
	Open wound other unspecified site except limbs
	1213
	3.85

	882
	Open wound of hand except finger(s)
	868
	2.75

	930
	Foreign body on external eye
	6.43
	2.04

	850
	Concussion
	653
	2.07

	
	9-13 year olds (Total Number of Diagnoses=30384)
	
	

	873
	Other open wound of head
	3419
	11.25

	995
	Certain adverse effects, not elsewhere classified
	2642
	8.70

	844
	Sprains and strains of knee and leg
	1978
	6.51

	883
	Open wound of finger(s)
	1875
	6.17

	891
	Open wound knee, lower leg and ankle
	1861
	6.12

	892
	Open wound foot except toe(s) alone
	1311
	4.31

	854
	Intracranial injury other unspecified nature
	1208
	3.98

	814
	Fracture of carpal bones
	1106
	3.64

	815
	Fracture of metacarpal bones
	1014
	3.34

	882
	Open wound of hand except finger(s)
	977
	3.22

	
	14-18 year olds (Total Number of Diagnoses=35232)
	
	

	844
	Sprains and strains of knee and leg
	2915
	8.27

	995
	Certain adverse effects, not elsewhere classified
	2721
	7.72

	873
	Other open wound of head
	2708
	7.69

	883
	Open wound of finger(s)
	2513
	7.13

	882
	Open wound of hand except finger(s)
	1452
	4.12

	815
	Fracture of metacarpal bones
	1335
	3.79

	850
	Concussion
	1145
	3.25

	814
	Fracture of carpal bones
	915
	2.60

	891
	Open wound knee, lower leg and ankle
	907
	2.57

	824
	Fracture of ankle
	891
	2.53


Appendix Table 4: Top 10 ICD9 Codes for Congenital Anomalies at Each Age 

(includes only congenital/perinatal anomalies that are also major pediatric ADGs)
	
	0-3 Year Olds (Total Number of Diagnoses=11469)
	
	

	ICD9                                                                  
	Description of condition
	#Cases   
	%Cases

	7686
	Mild/moderate birth asphyxia
	1724
	15.03

	7742
	Neonatal Jaundice-preterm delivery
	980
	8.54

	770.6
	Transitory tachypnea newborn-wet lung
	965
	8.41

	770.1
	Meconium aspiration syndrome
	770
	6.71

	769
	Respiratory distress syndrome
	694
	6.05

	7756
	Neonatal hypoglycemia
	571
	4.98

	7685
	Severe birth asphyxia
	504
	4.39

	746
	Other congenital anomalies of heart
	459
	4.00

	745
	Bulbus cordis and other anomalies of cardiac septum closure
	391
	3.41

	775
	Endocrine/metabolic disorder fetus/newborn
	383
	3.34

	
	4-8 Year Olds (Total Number of Diagnoses=1071)
	
	

	746
	Other congenital anomalies of heart
	420
	39.22

	745
	Bulbus cordis and other anomalies of cardiac septum closure
	179
	16.71

	747
	Other congenital anomalies of circulatory systems
	90
	8.40

	749
	Cleft palate and cleft lip
	79
	7.38

	751
	Other congenital anomaly of digestive system
	55
	5.14

	7455
	Ostium secundum type atrial septal defect
	27
	2.52

	741
	Spina bifida
	19
	1.77

	75689
	Other congenital musculoskelatal anomalies
	11
	1.03

	
	** cells with fewer than 10 people not reported **
	
	

	
	9-13 year olds (Total Number of Diagnoses=730)
	
	

	746
	Other congenital anomalies of heart
	386
	52.88

	745
	Bulbus cordis and other anomalies of cardiac septum closure
	104
	14.25

	749
	Cleft palate and cleft lip
	47
	6.44

	747
	Other congenital anomalies of circulatory systems
	45
	6.16

	741
	Spina bifida
	23
	3.15

	751
	Other congenital anomaly of digestive system
	15
	2.05

	7455
	Ostium secundum type atrial septal defect
	11
	1.51

	
	
	
	

	
	** cells with fewer than 10 people not reported **
	
	

	
	
	
	

	
	14-18 year olds (Total Number of Diagnoses=724)
	
	

	746
	Other congenital anomalies of heart
	395
	54.56

	745
	Bulbus cordis and other anomalies of cardiac septum closure
	87
	12.02

	747
	Other congenital anomalies of circulatory systems
	57
	7.87

	749
	Cleft palate and cleft lip
	44
	6.08

	741
	Spina bifida
	25
	3.45

	751
	Other congenital anomaly of digestive system
	19
	2.62

	
	
	
	

	
	** cells with fewer than 10 people not reported **
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Appendix Table 5: Comparison of Frequencies/Counts With/Without Emergency Room Visits

	
	With
	Without

	# Major ADGs 0-3
	0.260
	0.260

	
	[0.726]
	[0.726]

	# Major ADGs 4-8
	0.228
	0.227

	
	[0.691]
	[0.691]

	# Major ADGs 9-13
	0.216
	0.213

	
	[0.628]
	[0.625]

	# Major ADGs 14-18
	0.335
	0.322

	
	[0.806]
	[0.791]


Notes: Standard errors in brackets.
� Siblings are noted as "full siblings" if they are children of the same mother (as noted on the birth record) and the same man is noted on the research registry (using the child's family identification number) as 'family head' at the time of the child's birth. Slightly over 85 percent of those identified as siblings (from having the same mother) meet the criterion set out above.
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