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LONGITUDINAL HOSPITAL DISCHARGE AND VITAL STATISTICS DEATH RECORD LINKAGE  
FOR CHILD, ADOLESCENT, AND YOUNG ADULT INJURY EPIDEMOLOGY STUDIES 

The availability of state-level administrative datasets makes it possible to conduct a wide variety of 

population-based health services and epidemiology studies that were impossible a generation ago. As 

these databases accumulated over time, researchers developed methods to link records within, 

between, and among datasets.  

In this paper, we describe a method to link records over a 3-year period within a statewide hospital 

discharge dataset and then to a vital statistics death dataset. These methods were developed for the 

California Injury Hot Spots Project. The primary goal of the Hot Spots Project was to create small area 

maps identifying California communities with high incidence and rates of severe injury between 1995 

and 1997 to children, adolescents, and young adults age 1 day to 24 years who were California 

residents [1]. Population-based studies in this age group are rare in the United States because of the 

frequent absence of a unique identifier. 

Hot Spot statistics were to be based on unduplicated counts between 1995 and 1997, for one injury 

per "person" through age 24. Identifying and linking injury episodes of care required developing 

decision rules to handle complex cases with more than one injury. Inconsistencies within and across 

data sources had to be reconciled. This paper provides an overview of the major methodologic issues 

encountered in developing the "person-level" file for the Injury Hot Spots Project. A detailed 

methodology report is available elsewhere [2].  

LITERATURE REVIEW 

Canada and England pioneered record linkage using data for total populations to study health 

outcomes [3-4]. Since the development of these methods, nations with universal healthcare systems 

have led the population-based longitudinal research field. Universal healthcare systems tend to 

implement systematic uniform data collection based on a lifetime unique identifier for each member of 

the population.  

Advantages of population-based record linkage methods for health planning and assessment of 

care quality are considerable [5]. Linked databases can address many different hypotheses, are more 

cost effective than conducting multiple cohort studies, and are less intrusive. This methodology avoids 

selection bias that can occur in case control and cohort studies, and avoids recall bias as data usually 

are collected "before the outcome in ignorance of the outcome" [6].  
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Such studies typically select a population with a frequent clinical condition (heart attack, hip 

replacement, vehicular accident). Then administrative records (e.g., hospital discharge abstracts, 

claims files) are searched to find people with the condition, find other records for these patients within 

the same or another dataset (e.g., vital statistics death records) within a preset period of time (30 days, 

6 months, 1 year), seeking to find the outcome of interest (readmission, death). 

Lacking a universal unique identifier, early American investigators tended to study conditions for 

populations likely to have a social security number (birth defects registries, cancer registries, people 

over age 65) [7-9]. It took several years for researchers to realize it may be possible to link cases 

lacking unique identifiers using deterministic or probabilistic approaches. Again, the leaders came from 

Canada, this time working with California health researchers [10-13]. Today various deterministic and 

probabilistic methods have been developed to "soft match" those few cases among those populations 

missing an identifier or attempting to correct for data entry errors or missing data [6,12-

17].Reabstraction studies have found that the availability of personal names or hospital record numbers 

has little impact on the reliability of these linkage methodologies [16,18]. Linkage methodology has 

become so wide-spread that commercial companies now publish linked risk-adjusted hospital outcomes 

for common medical conditions affecting adults [19]. Compared with international colleagues [20-21] 

relatively few American investigators have linked state-level population-based datasets longitudinally 

over a period longer than one year, either within a single dataset or between two datasets.  

In recent years, numerous injury studies have linked datasets for adults involved in vehicular 

accidents [22-25], patients with traumatic brain injuries [26-29] and weapons-related injuries [30-32]. 

Several studies have found the mentally ill to have a significantly higher death rate than the general 

population, primarily from both accidental and intentional injuries [33,34]. We found one study that 

sought to find the first injury admission in a public hospital and then link subsequent injury events in that 

hospital [35]. 

Several American population-based studies have begun to link infant birth/death/delivery records in 

various combinations [15,36-37]. This work is able to proceed using the mother's social security 

number. California now offers as a standard product an annual linked file containing a neonate's 

sociodemographic characteristics, prenatal care, and mortality linked to detailed health outcome and 

resource utilization data [15].  

Linked general population studies involving American children, adolescents, or young adults have 

been rare because many in this age range lack a unique identifier. Pediatric linkage studies have 
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tended to focus on care in a single institutional setting using a medical record number. For example, 

Bell et al [38] conducted a linked analysis to study immunizations of 2,329 infants 0 to 2 years of age 

hospitalized in a single urban hospital within a 22-month study period. To improve pediatric injury 

surveillance, Jaffee has called for improved methods to link databases collected by different 

components of the system [39]. 

Here we report on a study of California residents age 1 day through 24 years, severely injured at 

least one time between 1995 and 1997. We describe the rationale behind the method we adopted to 

identify the last severe injury. Then we summarize the outcome of that injury and characteristics of 

hospital care for injured children and youth who survived to admission. 

DEFINITION OF TERMS 

SEVERE INJURY. A severe injury is serious enough to result in hospital admission and/or death. 

Variations in local practice patterns and emergency response capacity may influence both hospital 

admissions and deaths, and thereby influence statistics reported. Thus, hospital discharge or vital 

statistics data in isolation cannot be used to accurately estimate injury incidence or severity. 

INJURY EPISODE. Because many severe injury victims die before reaching the hospital, we 

distinguish the injury episode from the injury EOC. The former refers to all severe injury events and the 

latter refers only to hospitalizations of severe injury victims surviving to care.  

EPISODE OF CARE. The episode of care (EOC) is the period initiated by patient presentation with 

a diagnosis of a clinical condition that concludes when the condition resolves.40 Hospital discharge 

records for individuals were linked to identify people with one or more injuries, to assign the series of 

related hospital admissions (i.e., admission, transfer, readmission) into an episode of care, or EOC, and 

to link multiple EOCs for people with more than one injury episode.  

Time horizon (also referred to as the period of the study) is a critical issue for evaluating the 

personal, social, and economic burden of a particular clinical condition. For example, the California 

Hospital Outcomes Project (CHOP) defined an EOC for a heart attack patient as the period from first 

admission to an acute care hospital for a heart attack to final discharge within 30 days, including 

transfers or readmissions to another hospital. In the first CHOP report, the outcome of interest was in-

hospital mortality [14]. In the second CHOP report, the investigators linked to the California Vital 

Statistics death files to obtain 30-day mortality [18]. 
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In the case of injury, we are uncertain as to time horizon. Depending on the nature and severity, 

some patients may be admitted repeatedly. For example, multiple admissions for the same injury 

episode may be needed to complete the planned course of treatment, to treat late effects of the injury, 

or to treat adverse effects of prior injury-related admissions. Additionally, transfers from one facility to 

another as a result of an injury are common.  

It may be difficult to identify the EOC because of problems associated with coding hospital 

discharge records. Earlier or later hospitalizations associated with the same episode may not show the 

injury status. This can occur because of the complexities of real life events, or because of coding errors 

or omissions in one or more discharge abstracts. For example, a patient may be admitted through the 

emergency room in a coma with cause unknown to be stabilized and transferred. The receiving hospital 

may be the one to identify the condition as a suicide attempt. In another scenario, a patient may be 

admitted following a fall thought to be unintentional, then transferred to another hospital where the 

accident is found to be intentional. For events such as these, coding rules assign the first hospital with 

responsibility to record the injury but permit the receiving hospital to indicate an E-code if they do not 

know that the transferring hospital recorded the injury.41 Such events may result in no injury recorded 

on the first admission or both facilities showing the same or different E-codes for the same injury EOC.  

Failure to identify the series of admissions associated with an injury EOC will underestimate the 

personal, social, and economic burden. It also will result in over-estimating the true number of injuries. 

DATA 

This study used two data files maintained and published annually by the State of California for 

calendar years 1995, 1996, and 1997. The Patient Discharge Data Set (PDDS) from the Office of 

Statewide Health Planning and Development (OSHPD) contains one record for each discharge in a 

year, excluding military hospitals and a small number of other exempt facilities [42]. The Vital Statistics 

death data set (VSDS) is released by the Center of Health Statistics [43]. The VSDS version we used 

contains a cumulative record of deaths in a year. The files included in-state deaths of residents and 

non-resident. It did not have records for out-of-state deaths of California residents.  

COMMON VARIABLES AVAILABLE FOR LINKAGE 

SOCIAL SECURITY NUMBER. Specific identifiers (names, addresses) were available in the VSDS 

but not in the PDDS. The Social Security Number is available in the VSDS and is non-confidential 

because the individual has died. However, California legislation defines the Social Security Number as 
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a confidential data element in the PDDS. OSHPD requires heightened human subjects review for 

studies using this variable.  

Earlier work identified that OSHPD’s record linkage number based on Social Security Number 

lacked the capacity to do soft matches to compensate for data recording or data entry errors.14 To 

conduct longitudinal analyses of linked hospital outcomes, OSHPD provided PDDS with original Social 

Security Numbers and permitted us to encrypt these using an algorithm we developed to facilitate 

record linkage (the resulting encrypted variable is called SSNC). To protect patient confidentiality, we 

drop the Social Security Number after encryption. The PDDS and VSDS were encrypted using the 

same algorithm.  

SEX. We required a valid sex (male or female) to pull a record and an exact match on this variable 

in all linkage algorithms. 

DATE OF BIRTH and AGE. We required a valid date of birth (DOB) to pull an injury record. It is 

almost completely available in the PDDS, but we found some injury victims in the VSDS without DOB 

[44]. The upper age limit of the target age group was 24. The initial age range extended to 25, because 

someone may have been injured at age 24 but the last injury-related discharge may have occurred at 

age 25. In the PDDS, we calculated age at admission (ADMYRS) using DOB and admission date 

(ADMDATE). Injury date was not estimated until injury episodes and injury EOC had been established. 

In the VSDS, we calculated age at injury using the injury date reported or if it was not reported, the date 

of death (DOD). 

ZIP OF RESIDENCE. This was available in both files. OSHPD requires special permission to obtain 

the 5-digit ZIP (ZIP5), which they provided. In a series of tests, we identified 153 invalid ZIPs with 4,421 

injuries. These ZIPs ended with '00' or were never listed by the Postal Service or US Census back 

through 1990. The VSDS contained more than 95% of all bogus ZIPs. To facilitate linkage, we also 

made a 3-digit ZIP variable (ZIP3). We inferred that the person completing the death certificate knew 

the town the person lived in (ZIP3), but not the specific ZIP in that town (ZIP5).  

COMBO. We created a variable based on patient DOB, sex, and ZIP5 (COMBO) to facilitate 

linkage.  

SSNC2. SSNC, COMBO, and ZIP3 were used alone and in different combinations at different times 

to make linkages within the PDDS and between the PDDS and VSDS. COMBO is used to soft match 

SSNC, to confirm a linkage, or to match records lacking a SSNC to one having a SSNC, or in place of 



 

Family Health Outcomes Project Page 8 of 29  

SSNC if SSNC linkage is not made. After linkage is established, a new variable is created to identify 

records treated as coming from the same "person" (SSNC2). If linkage was made using SSNC, SSNC2 

uses that. Otherwise, SSNC2 uses COMBO. 

PRINCIPAL DIAGNOSIS AND EXTERNAL CAUSE OF INJURY. The PDDS and VSDS use the 

International Classification of Disease, 9th revision, Clinical Modification (ICD-9-CM) to classify 

diagnoses [45]. The PDDS contains a principal diagnosis (PRINDX) and up to 24 secondary diagnoses, 

and a principal external cause of injury (E-CODE) and up to four secondary external cause of injury 

fields. The VSDS contains a field indicating the principal cause of death. If the death was due to injury, 

E-CODE replaces PRINDX. Thus, within the PDDS file, we had multiple opportunities to find injury, but 

within the VSDS we had only one.  

Further, between the time of in-hospital death and subsequent filing of the death certificate, the 

injury mechanism or intent may have changed. For example, the hospital may have coded a pedestrian 

accident as unintentional, but by the filing of the death certificate, the incident may have been 

reclassified as suicide. An unintentional gunshot wound may have changed to assault. Thus we also 

had to develop a method to reconcile conflicting E-CODEs. 

RACE/ETHNICITY. Race/Ethnicity (RACEF) was defined similarly in both files. However, the VSDS 

was more likely to record RACEF as unknown. We did not use RACEF as a linkage variable. Instead, 

we used it to confirm linkage reliability. 

COUNTY OF RESIDENCE. County of residence (RESCNTY) was defined similarly in both files. 

Because injury patients could move over time from ZIP to ZIP within county, and from county to county, 

we used different versions of RESCNTY in certain steps. 

HOSPITAL DISCHARGE FILE 

Using software developed for CHOP [14], we searched the 1995, 1996, and 1997 PDDS to identify 

all severely injured California residents from 1 day to 25 years old at discharge living in ZIPs between 

90000 to 96162 [46]. We used discharge age rather than ADMYRS only to identify cases. Records 

lacking a valid DOB or sex were not examined. We excluded newborn and delivery records, and 

records indicating a PRINDX originating in the perinatal period. Out of concern that patients with certain 

injuries may be admitted directly to non-acute facilities such as psychiatric hospitals, we searched 

PDDS records from all licensed facilities.  
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Records with any principal E-CODE were flagged unless they indicated late effects of a previous 

injury or adverse effects of treatment for another condition. We used software provided by the California 

Department of Health Services (DHS), based on recommended injury categories [47-48]. We also 

classified records using PRINDX, focusing on certain injury types. For this, we used software 

developed for EpiHosp [49].  

The initial PDDS search identified 162,233 injury records during the 3-year period [50].We returned 

to the PDDS and pulled an additional 50,312 records associated with the initial cases. Having followed 

standard CHOP steps up to this point [14], these records resolved into 120,818 SSNC2 with one record 

and 91,727 records that resolved into 29,129 SSNC2 sets, for a total of 149,947 SSNC2. Linked sets 

were an exact or soft match on SSNC (or had picked up an SSNC if the record did not have one), DOB, 

and ZIP, and an exact match on sex. Records in the multiples file had been linked but had not yet been 

assigned into EOC.  

We made a separate file containing PDDS records of patients in the study age range who died of 

causes other than injury (excluding deliveries, newborns and conditions originating in the neonatal 

period). We wanted to protect against the possibility that VSDS coders may have flagged as injured 

some cases that PDDS coders had not. While we did not want to search through all PDDS records, we 

did want to search among patients that PDDS coders said had died. After removing 3 duplicate records, 

the resulting file had 3,950 observations.  

VITAL STATISTICS DEATH FILE 

The 1995-1997 VSDS had 19,515 deaths in the initial age range. Using the DHS software, we 

classified records as to injury status including late effects (N = 11,923 (61.1%)), but kept all records in 

the study age range (with the same exclusions). This enabled us to track injury patients discharged 

alive who later died out-of-hospital from late effects of the same injury or a later new injury.  

Of VSDS deaths ascribed to injury, 6,025 were reported to have occurred out-of-hospital. An 

additional 74 victims were dead on arrival or the death location was unknown. Death in the emergency 

room or an outpatient department was reported for 3,635 injury victims. Inpatient deaths were reported 

for 5,880 people (2,189 injury victims, and 3,691 for all other causes). The PDDS identified 6,557 

deaths from all causes (2,621 injury, and 3,950 all other causes). Reconciling differences between the 

PDDS and VSDS became a sub-focus of analysis. 
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METHOD 

Following initial data preparation as described above, decision rules were developed to resolve 

multiple-record cases into one record summarizing the case history. Then the "best" version of key 

linkage variables was selected from among the alternatives available in the multiple-record file. The 

PDDS and VSDS were merged in three steps. Finally, a "person-level" file was created. In the following 

section, we highlight the major methodologic issues we encountered and their resolution.  

CREATE A SINGLE RECORD TO SUMMARIZE MULTI-RECORD CASES 

Resolve Multiple Injuries 

Table 1 illustrates seven common issues that arose in the multiples file. They are drawn from the 

first 75 records in that file, consisting of 31 SSNC2 sets of 2 to 5 records, all of which resolved into one 

of the issues shown. Each record set had an exact match on SSNC and SSNC2, DOB, and sex. ZIP of 

residence was identical on all but four sets with ZIP3 identical on all records. In other words, these sets 

likely reflect as good a match as is possible. The examples are as follows: 

1. The classic EOC. In this example, a patient is admitted through the emergency room for a motor 
vehicle occupant injury, transferred to another facility on day 7, received in the other facility on day 
7, and discharged on day 46. Failure to link the episode would under-estimate injury-related 
hospitalization days and total charges.  

2. More than one record E-coded. This is a classic EOC but with both records E-coded. Failure to link 
records would have incorrectly increased the number of injuries for motorcycle accidents. 

3. Index record E-coded, short interval to readmission. In this example, observe the 2-day interval to 
readmission. Notice that the second admission also was from the emergency room. Was this a 
readmission due to premature discharge for the injury or for another illness that may or may not be 
injury-related?  

4. Both records E-coded with same injury, short interval to readmission. In this example, we have a 3-
day readmission interval. The second had a routine admission source with routine discharge for a 
1-day stay. Is this a premature discharge, planned readmission for routine follow-up treatment, or 
admission for another illness?  

5. Index record E-coded, long interval to readmission, possible records not linked. This patient was 
discharged to another facility on day 24, but did not show up again until day 89 with late effects, 
transferred on day 115 to another facility and discharged on day 117. Records 2 and 3 correctly 
showed late effects of the initial injury. 

6. Different E-codes, interval to readmission. In this particular example, the index admission appears 
to have been in another facility whose record was not found. The patient stayed 3 days and was 
readmitted routinely a week later for a 4-day stay. Is this a second injury, planned readmission for 
follow-up treatment to the original injury, or the result of premature discharge for the original injury?  
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7. Four or more admissions, varying intervals between admissions. This involved 33,921 records (37% 
of multiples) for 4,927 SSNC2 (17% of multiple SSNC2) with 4 to 103 records each. These sets 
were the most problematic and fell into two distinct categories: those with isolated "injuries" 
incidental to treatment for a condition such as cancer or HIV, and those with mental illness or 
substance abuse diagnoses plus one or more injury records. Following extensive record review, we 
excluded cases with isolated injuries incidental to treatment. 

Table 1. Issues in Multiple Record SSNC2 
Issue 
Type 

Admission 
Date 

Discharge 
Date 

Admission 
Source Disposition E-code Note 

       
1 1 

7 
7 

46 
ER 
Other Fac 

Other Fac 
Routine 

MV Occupant 
None 

Classic EOC 

       
2 1 

3 
3 

15 
ER 
Other Fac 

Other Fac 
Routine 

Motorcycle 
Motorcycle 

Both records E-coded. 

       
3 1 

4 
2 
6 

ER 
ER 

Routine 
Routine 

MV Occupant 
No E-code 

2-day interval to readmit. 
Premature discharge or 
late effects? 

       
4 1 

7 
4 
7 

ER 
Routine 

Routine 
Routine 

MV Pedalcycle 
MV Pedalcycle 

Both records E-coded. 
3-day interval to readmit. 
Premature discharge?   
2nd injury?  Planned 
readmission? 

       
5 1 

89 
115 

24 
115 
117 

ER 
Other Fac 
Other Fac 

Other Fac 
Other Fac 
Routine 

Firearms (assault) 
Late Effects 
Late Effects 

Discharged to other 
facility, no next record.                  
2-month lag to next 
record, 2 records 
comprise an EOC.            
Both records correctly 
recoded as late effects. 

       
6 1 

10 
4 

14 
Other Fac 
Routine 

Routine 
Routine 

MV Pedestrian 
Unintentional, Other 

Both records E-coded. 
6-day interval to readmit. 
Premature discharge? 
Late effects? Second 
injury? Planned readmit? 

       
7 1 

3 
20 
32 
54 

2 
8 

21 
34 
55 

ER 
ER 
ER 
ER 
ER 

Routine 
Other Fac 
LAMA 
Routine 
Died 

Cut/Pierce (suicide) 
Poisoning 
MV Pedestrian 
No E-code 
Poisoning 

Multiple different or no 
injury records. Note 
transfer to other facility, 
but no other facility record 
follows 
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A total of 27,311 SSNC2 (18%) had mental illness or substance abuse diagnoses on their records, 

as either a primary or secondary diagnosis (PROBDX). This included 17,586 with a mental illness 

diagnosis (DRGs 425-430), and 15,315 with a substance abuse diagnosis (DRGs 433-437) on one or 

more records. Of these, 5,590 were dually diagnosed. During the 3-year study period, 50% of PROBDX 

cases had one record, 25% had 2 records, and 25% had 3 to 66 records, for a total of 54,231 records, 

of which 36,550 were injury-related. Ninety-five percent of multiple-injury cases were age 13 years or 

older.  

We manually reviewed all multi-record sets with 4 or more records and 2 or more injury records. 

Most had different injuries spread over multiple EOC. The multiply injured were more likely to show up 

in the same county in the same or multiple ZIPs within that county.  

To retain multiple injury episodes would have inflated the injury rate for a given ZIP, particularly in 

case 7, in one individual would appear multiple times. That is, a given ZIP injury rate would be based 

incorrectly on many admissions for one person, rather than one injury for each of many people. Thus a 

decision was made to use the last injury EOC in creating the "person-level" file. In the example of Case 

7, we would use the intentional poisoning injury that resulted in death, and we would ignore all previous 

injuries. 

Correct Linkage Problems 

Redundant records are created when two or more records exist for the same person for the same 

admission to the same hospital. We identified 37 redundant record sets, including one with two death 

records. After review, one record in the set was discarded. Bad linkages can occur under a variety of 

circumstances. We identified one linkage that had to be corrected. We broke up the SSNC2 set by 

reassigning a new SSNC2 to the single record that did not belong.  

We checked for two types of particularly problematic situations that would need to be fixed in order 

to improve results when we linked to the death file. First, we identified 119 SSNC2 with both male and 

female sex. We broke up these SSNC2 by adding the suffix "M" or "F" to the appropriate identifier. For 

a given SSNC2, we removed any records found after a patient died. Because of redundant records and 

separating SSNC2 due to bad linkages or differing sex, we created new SSNC2 sets, including some 

with no injuries, and eliminated 262 records.  
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Assign County of Residence 

We found 4,098 PDDS records from 260 ZIPS that did not show a county, a variable critical to 

estimating both county and ZIP-level injury rates. Most such ZIPs had other records in the source 

master files (all discharges, all ages) containing the county. Therefore, we returned to the three years of 

PDDS masters and made a dataset containing all ZIP5s, ZIP3s, and their associated county, saving the 

county most frequently recorded for each ZIP5 [51]. Then we merged this file with the injury files to 

impute county for ZIPs missing them. If no other ZIP5 record existed, we assigned the county with the 

most ZIP3.  

ZIPs (N = 795) in 14 counties accounted for 11,740 (85%) of record sets with 2 or more injuries or 4 

or more discharges. In these counties, 208 ZIPs had 20 to 103 records each, and accounted for 7,359 

records associated with 1,925 unusual SSNC2. These cases tended to be highly mobile within a small 

geographic area, only occasionally crossing over into adjacent counties. We assigned RESCNTY to be 

that which occurred the most frequently, and the ZIP to be that that occurred most frequently within the 

assigned county. 

Make the EOC File 

Given data issues that had been identified, we decided to use only the last injury EOC for a given 

SSNC2. This had several advantages. First, by definition for cases resolving to one record, that was the 

last episode. Second, in the case of an SSNC2 with multiple records, using the last injury EOC got us 

closer in time to the last hospital outcome record for the patient. In the case of patients who died, this 

would be a decided advantage in merging with the VSDS. At this stage, we dropped all injury EOC that 

began when the patient was 25 years old (1,413 SSNC2). To summarize the available information in 

the multiples file and maximize the likelihood of finding patients who had died, we created a file with 

one record per SSNC2 (n = 29,129). 

Assess EOC File Reliability 

SSNCs were present for about 50% of PDDS injury records for patients age 0 to 14, 62% for age 15 

to 19, and 74% for age 20 to 24. Due to their age, injury patients were less likely to have a SSNC than 

older patients admitted for heart attack or congestive heart failure [52]. SSNC were available at about 

the same percent in the VSDS, but the overlap was not complete. That is, a SSNC would be present for 

a given person in one file but not necessarily in the other.  
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A slight trend did not vary by age for the percent of present SSNCs to increase about 2 to 3 percent 

between 1995 and 1997. SSNC were found for about 60% of injury records for Non-Hispanic White 

patients, 70% for African-American, 66% for Asian, and 55% for Hispanic and Others. There was no 

important age by race interaction with respect to the presence or absence of the SSNC.  

Based on availability of the SSNC, we are more certain that we correctly linked records associated 

with EOC as age increased and for African-American injury victims. EOC for younger children and for 

those of Hispanic and Other race/ethnicity were more likely to resolve (perhaps incorrectly) into single 

record episodes.  

In the linkage algorithm, soft-match linkages occurred infrequently. By definition, all linked records 

among multi-record SSNC2 were in full agreement on sex. We compared information found on the first 

injury record in the last injury EOC to the information most frequently found and last found over all 

records for the multi-record SSNC2 sets during the 3-year study period. Differences may be due to 

incorrect linkage, typographic errors, or in the case of ZIP, moving from one community to another. 

Agreement above .75 may be taken to represent excellent agreement beyond chance [53]. Table 2 

summarizes lowest and highest agreement statistics for the variable variations (first found, most 

frequent, last found) in the EOC file created for multi-record cases. Agreement generally was highest 

comparing the "most" variable to others.  

Table 2. Agreement on Linked Multi-Record Sets 
Measure Low  High 

Date of birth 98.5%  99.0% 
County of residence  97.6% 97.8% 
3-Digit ZIP 94.1% 95.4% 
5-digit ZIP 89.0%  91.5% 
SSNC among those with an SSNC on at least one record 93.3% 98.9% 

For RACEF most disagreement occurred among cases where one record showed "Other Race". 

After excluding cases with "Other Race" on any record, kappa coefficients between the first RACEF 

found and that found most often were: Non-Hispanic White, K = .885, CI = .879-.890; African-American, 

K = .896, CI = .888-.904; Hispanic, K = .871, CI = .865-.877; Asian, K = .873, CI = .861-.886.  

On the basis of these results, we believe we linked records for injury patients with an acceptable 

degree of reliability. To the extent that we were unable to correctly link multiple records for the same 

EOC, population rates will be higher. Overall, however, ZIP-level population rates will be lower (i.e., 

more conservative) than if we had not linked. 
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LINK THE PDDS AND THE VSDS 

Linkage between the PDDS and VSDS files was done in a series of steps. First, for SSNC2 with 

multiple PDDS records, we had to determine which version of the key PDDS variables would maximize 

linkage. Using that information, we implemented a series of steps to link cases that VSDS coders and 

PDDS coders said had died, regardless of injury status. Then we linked injury cases PDDS coders said 

had lived to cases that VSDS coders said had died regardless of injury status.  

Select "Best" Linkage Variables 

Above we reported linkage reliability for multi-record SSNC2 within the PDDS, based on different 

versions of key PDDS variables, with agreement generally higher comparing the "most" variables. 

However, this did not mean necessarily that we would make the most VSDS linkages using the "most" 

PDDS variables. For example, the last record for the SSNC might provide the most temporally relevant 

information for linking the VSDS file.  

To determine which SSNC variation might offer the greatest likelihood of making a match, we 

selected from the linked multi-record file those cases that died and had a SSNC (N = 409). The SSNC 

most often found in the PDDS (N = 313) linked to the most VSDS records (N = 232). We used this 

SSNC to calculate agreement between other relevant VSDS and PDDS variables used to refine and 

validate linkages. We printed all cases where a PDDS DOB version disagreed with the VSDS DOB (N 

= 7). All DOB disagreements would be accepted using the linkage algorithm for soft matches.  

We calculated the kappa statistic and confidence interval for the VSDS RACEF and the PDDS 

RACEF on the first record in the last injury EOC and the RACEF most often found. Most disagreement 

was among cases where one or another file showed "Other Race". After excluding "Other Race" cases, 

kappa statistics were best using RACEF most often found. 

Only about 50% of linked test cases agreed as to the injury causing death. Table 3 lists cases from 

the first 50 in the test file where the PDDS E-code disagreed with the VSDS E-code. DOB agreed 

exactly on all but 2 of the 50 cases, and those two cases soft-matched. The most common 

disagreement was that PDDS coders said the person had been injured, but the injury was not recorded 

in the VSDS file. The second most common disagreement was between the PDDS E-code most often 

found and the VSDS E-code, as in cases 5, 6, 7, 14, 18, and 40. This suggests a history of multiple 

injuries, resulting finally in death after the last hospital discharge. Cases 18, 23, 44, and 49 indicate 

disagreement as to the type of injury killing the individual, and disagreement as to intent. Based on 

these results, we decided to use the following multi-record EOC file variables when merging with the 
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VSDS: SSNC, DOB and RACEF most often found; ZIP5, ZIP3, and RESCNTY on the very last record; 

the last valid E-code. 

Table 3. PDDS Deaths with SSNC from Multiples File: Examples of Disagreement with VSDS as 
to Injury 

SSNC  First E-Code Last Valid E-Code E-Code Most Often E-Code VSDS File 
      

2  Drowning/Submersion Drowning/Submersion Drowning/Submersion No E-Code 

3  Struck by Object 
(unintentional) 

Struck by Object 
(unintentional) 

Struck by Object 
(unintentional) 

No e-code 

5  Firearms (assault) Firearms (assault) MV Occupant Firearms (assault) 

6  Firearms (suicide) Firearms (suicide) Poisoning (suicide) Firearms (suicide) 

7  Firearms (assault) Firearms (assault) MV Pedestrian Firearms (assault) 

8  Undetermined Other Undetermined Other Undetermined Other Firearms (assault) 

9  Other (unintentional) Other (unintentional) Other (unintentional) No e-code 

11  Firearms (assault) Firearms (assault) MV Occupant Firearms (assault) 

12  Poisoning (unintentional) Poisoning (unintentional) Poisoning (unintentional) No e-code 

13  Other (assault) Other (assault) Other (assault) Battering 

14  Hanging/Suffocation 
(suicide) 

Hanging/Suffocation 
(suicide) 

Poisoning(suicide) Hanging/Suffocation 
(suicide) 

15  Poisoning (suicide) Poisoning (suicide) Poisoning (suicide) No e-code 

18  Cut/Pierce (assault) Cut/Pierce (assault) Fight (assault) No e-code 

19  Poisoning (unintentional) Poisoning (unintentional) Poisoning (unintentional) No e-code 

23  Firearms(assault) Firearms(assault) Struck by Object 
(unintentional) 

MV Unspecified 

25  Fall Fall Fall No e-code 

32  Fall Fall Fall No e-code 

33  Fall Fall Fall No e-code 

35  Suffocation 
(unintentional) 

Suffocation  
(unintentional) 

Suffocation 
(unintentional) 

No e-code 

36  MV Occupant MV Occupant MV Occupant No e-code 

37  Fall Fall Fall No e-code 

40  Firearms (suicide) Firearms (suicide) Poisoning (suicide) Firearms (suicide) 

41  Suicide(other) Suicide(other) Suicide(other) No e-code 

43  MV Occupant MV Occupant MV Occupant Late Effects 

44  Firearms (unintentional) Firearms (unintentional) Firearms (unintentional) Firearms (assault) 

45  Other(unintentional) Other(unintentional) Other(unintentional) No e-code 

49  Undetermined Other Undetermined Other Undetermined Other Poisoning (unintentional) 

50  Undetermined Other Undetermined Other Undetermined Other Poisoning (unintentional) 
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Link PDDS Death File and VSDS 

The primary goal of this step is to link cases PDDS coders said had died with VSDS cases. We 

began by separating the PDDS and VSDS based on availability of a SSNC (PDDS: no SSNC, N = 

2,855; SSNC, N = 3,702. VSDS: no SSNC, 3,885; SSNC, 15,630). Moving from the most stringent to 

increasingly softer requirements, we developed a multi-step method using different combinations of 

SSNC, exact or soft matches of DOB or DOD, ZIP5 or ZIP3. Once we had linked using the various 

combinations, we calculated an agreement score between other variables not used to make the link. 

These included the above plus RACEF, injury status (four variations), injury date compared with 

ADMDATE, DOD compared with discharge date, and RESCNTY. The agreement score had a possible 

maximum of 10, depending on variable(s) used to make the link, and sex always was required to agree. 

At each stage, two raters reviewed printouts on all cases and agreed on acceptance criteria. These 

criteria were hard-coded into the program and executed, non-accepted cases were returned to their 

original unmatched source, and the next step would be executed. Clerical resolution of potential links 

generated by an automatic algorithm has been found to significantly improve linkage accuracy.54 

In a sequence of eight steps, we linked 4,904 death records with an average agreement score of 

8.4 (range 8.0 to 9.8 plus 100% agreement on sex). Overall, 4,685 (95.5%) linkages agreed as to 

whether an injury had or had not occurred. PDDS and VSDS coders agreed that: 2,686 cases were not 

injured, 1,999 cases (1,792 singles, 207 multiples) were injured (but not necessarily on injury 

mechanism). Coders disagreed as to whether 219 cases were an injury. This latter category included 

156 PDDS cases (36 singles, 120 multiples) and 63 VSDS cases.  

Among linked records agreeing as to whether an injury had or had not occurred, we found 440 

cases (9.0%) in the PDDS file that VSDS coders said had died in other than an inpatient setting. This 

included 396 cases that VSDS coders said died in the emergency room or outpatient, 2 cases reported 

as dead on arrival, 16 unknown, and 26 thought to have died outside of a hospital setting.  

We reviewed summary statistics and printed and reviewed 454 cases disagreeing as to where a 

patient had died. Of cases disagreeing on site of death, the PDDS identified 379 (83.5%) as entering 

through the emergency room, and 70.5% were from the single record file. Homicide, suicide, and 

transportation-related accidents accounted for 69.2% of the cases. Matched pairs disagreeing on site of 

death agreed: exactly on sex (100%), DOB (91.9%), DOD (92.3%), RESCNTY (95.4%, ZIP5 (68.0%), 

ZIP3 (90.1%), and RACEF (84.2%). To make the ZIP-level file, we kept all cases in this group. 
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We also reviewed summary statistics and printed and reviewed cases disagreeing as to whether an 

injury had occurred. These linked cases agreed exactly on sex (100%), DOB (95.6%), DOD (97.3%), 

RESCNTY (94.1%), ZIP5 (77.0%), ZIP3 (89.2%), and RACEF (84.2%). Of 156 PDDS cases 

disagreeing, no VSDS record had an injury. Of 63 VSDS cases disagreeing, 27 were late effects of 

injuries occurring before 1995, 15 were adverse effects of treatment, and the remaining 21 appeared to 

be legitimate injuries in the study period.  

This left 14,611 VSDS records unlinked and 1,653 PDDS death records unlinked. Of PDDS death 

records still unlinked, 452 were coded as injured (single = 370, multiple = 82). Of VSDS records 

remaining unlinked, 9,861 were coded as injured and 4,750 were coded as not injured. Of VSDS 

injured: 6,019 were coded as having died out-of-hospital with 1,161 dying at home, 66 dead on arrival 

or unknown, 3,296 dying in the emergency room or outpatient, and 480 dying inpatient.  

Link PDDS Injury Survivors and the VSDS 

In the above step, we linked cases where both PDDS and VSDS coders agreed the person died. 

The next step was to find PDDS injury patients discharged alive (N = 147,340) who may have died after 

discharge. Because VSDS and PDDS coders may have disagreed as to injury status, we used all 

remaining records in the VSDS (N = 14,611). We were not seeking to link cases that VSDS coders said 

were injured but PDDS coders said were not. 

For this step, we used only PDDS injury survivors with a SSNC (PDDS N = 94,883; VSDS N = 

11,367) and only did a sequence of four algorithms. We linked 247 injury cases discharged alive who 

later died. The VSDS identified the death location as follows: out-of-hospital, 150 (60.7%); unknown, 1 

(0.4%); emergency room or outpatient, 77 (31.2%) and inpatient, 19 (7.7%). Of these, the VSDS 

reported an injury on 159 linked sets (64.4%). 

Assess PDDS-VSDS Linkage Reliability 

To check linkage reliability, we selected cases where either matching algorithm (PDDS discharged 

dead, PDDS discharged alive) had identified an injury on either side of the linkage (PDDS or VSDS) (N 

= 2,441).  

• We achieved an exact match on SSNC for 93.5% of linkages, and a soft match on 97.6%. Of 960 
cases that were not an exact SSNC match, 99.9% soft-matched on DOB and 93.9% soft matched 
on SSNC.  
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• DOB matched exactly on 92% of linkages, and soft-matched on 98.5%. Of 195 cases not exactly 
matched on DOB, 159 were soft matches, and all were an exact or soft match on SSNC. 

• We achieved an exact ZIP5 match on 72.3% of linkages, and a ZIP3 match on 93%. RESCNTY 
agreed exactly on 95.1%. A ZIP5 match was difficult to achieve because of the large number of 
VSDS bogus ZIPs. 

• Cases agreed exactly on the E-code for 67.3% of linkages. For 29 cases, the VSDS showed late 
effects of injury while the PDDS showed no E-code. These 29 cases were an exact or soft-match 
on SSNC and DOB.  

• VSDS and PDDS disagreed as to whether an injury had occurred on 253 cases. SSNC and DOB 
were exact or soft matches on 96.9% of these cases, and by definition, sex agreed 100%.  

• When records with Other Race/Ethnicity were included, neither the kappa statistic nor the upper 
confidence interval included 0.80 for Non-Hispanic White and Hispanic All Race. When cases with 
Other/Race ethnicity were excluded, reliability improved to acceptable limits for Non-Hispanic White 
and Hispanic All Race. Under either scenario, the kappa and/or confidence interval was greater 
than 0.80 for African-Americans or Asians.  

CREATE THE "PERSON-LEVEL" FILE.  

The "person-level" file was constructed in three steps. First, we had multiple variations of the same 

variables that had to be resolved, depending on whether PDDS cases resolved to a single or multiple 

records, and whether PDDS records linked with VSDS records. Second, we had to bring in non-linked 

VSDS records. Finally, we reassigned injury classifications that were inconsistent between the PDDS 

and VSDS, and removed "people" who did not meet study criteria. 

Decision Rules for Linked Cases 

For linked cases, we had to decide what information to retain in the person-level injury file. For 

example, for multi-record SSNC2, we had versions of the same variables (first, last, most frequent), and 

if they linked, equivalent VSDS information. For the linked single-record injury EOC and for deaths 

PDDS coders had coded as not injured but that were linked with VSDS records, we had equivalent 

information on the PDDS record and the VSDS record. Given these various scenarios, we made the 

following assignments to make the final variables:  

• ZIP. If the ZIP was not bogus, we used in descending order: The ZIP most often found, the ZIP on 
the first record in the last EOC, the ZIP last found, the ZIP on the death record if there was a 
linkage. If all available ZIPs were bogus, we used the first one found by searching in the same 
order. 

• Race/Ethnicity. If the case came from the multiples file, we used RACEF most often found. If other 
race/ethnicity was indicated and there was a death linkage, we used RACEF on the death record.  
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• If the case came from the multiples file, we used DOB, RESCNTY and SSNC most often found, and 
assigned the first valid E-code, injury variable, and MDC found in the last injury episode. 

• We used injury date found in the VSDS file if the case linked. Otherwise, we used ADMDATE found 
on the first record in the last EOC as the injury date. 

• If the PDDS case died and had not linked, we assigned DOD to be the discharge date on the last 
record found in the last EOC. 

• If the case had been discharged alive in the last record in the PDDS but VSDS linkage was made, 
we changed disposition to "Dead" and used DOD from the VSDS. 

• E-Code. We reassigned linked VSDS and PDDS records that disagreed as to the cause of injury, 
as follows: 

If the PDDS said the case was discharged within 3 days of death, we treated both the PDDS and 

VSDS as if they described the same injury, and used the most specific E-code. This was defined by 

prioritizing E-codes: Intentional before unintentional, assault before suicide, and a specific hierarchy 

within these subgroupings from more to less specific. Given examples in Table 3, the algorithm 

would make the following assignments: 

• Select "Firearms (assault)" over "Motor Vehicle Occupant" (SSNC 5). 

• Select "Firearms (suicide)" over "Poisoning (suicide)" (SSNC 6). 

• Select "Motor Vehicle, unspecified" over "Struck by object (unintentional)" (SSNC 23) 

• Select "Firearms (assault)" over "Firearms (unintentional)" (SSNC 44). 

• Select "Poisoning (unintentional)" over "Undetermined (other)" (SSNC 49). 

• If the VSDS death occurred more than 3 days after the PDDS discharge date, we used the 
VSDS E-code unless it showed late effects, adverse effects, or had no injury indicated, in which 
case we used the PDDS E-code.  

• Because we had reassigned the E-code, we had to re-calculate injury intent.  

Decision-Rules for Non-Matched Injury VSDS Records 

For these cases, we assigned a disposition of "Dead". If the injury date was missing, we assigned 

DOD to injury date. 

Remove Cases 

Having done everything we could to qualify a case for inclusion, we removed all cases (N = 9,131) 

meeting the following criteria: patient older than 24 years on date of last injury (N = 7,013), no DOB and 
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age in years of 0 (N = 137), injury before 1995 (N = 592), military post office box ZIPs for personnel 

stationed out of United States (N = 73), cancer (N = 402) or HIV (N = 139), only adverse effects of 

treatment (N = 583) or late effects of injury (N = 192). 

Make the Analysis File 

We began linkage with 162,233 PDDS injury records (including 2,621 records with death as the 

disposition) and 11,923 VSDS injury records (with 2,189 in-patient deaths). After dropping cases that 

did not meet study criteria, the person-level analysis file contained 150,552 all-cause injury cases, with 

110,778 unintentional and 37,168 intentional injury cases.  

The final analysis file contained 28,273 PDDS cases linking two to 63 PDDS records, 113,602 

PDDS cases resolving into one record episodes. We found 17 deaths PDDS coders said were not 

injured that linked with the VSDS as injured, and 8,660 VSDS injury cases we did not link. After linkage, 

death was the outcome for 11,275 cases (7.5%).  

We linked 2,212 VSDS records with PDDS cases. VSDS and PDDS coders agreed 1,651 patients 

(74.6%) died in-hospital. We were unable to link 403 cases PDDS coders said died in-hospital and 398 

cases VSDS coders said died in-hospital. No unlinked VSDS case had a SSNC or DOB, making 

linkage impossible. Of 3,413 patients VSDS coders said died in the emergency room or outpatient, we 

linked 401 (11.7%). Of 68 patients VSDS coders were unsure as to the site of death, we linked 8 

(11.8%). Of 5,324 cases VSDS coders thought died out-of-hospital, we linked 135 (2.5%).  

RESULTS 

In preparing its annual injury surveillance reports, California finds all PDDS injuries, removes those 

dying in-hospital, and then finds all VSDS injury deaths regardless of death location [47]. It reports 

separately on injury survivors and injury deaths. Table 4 compares results one would obtain using the 

unlinked method usually reported and the linkage method we developed.  

With the unlinked method, we would have reported on 168,713 records, reflecting one PDDS record 

for each of 157,833 severe injuries surviving to discharge and 10,880 VSDS deaths. Linkage resulted in 

150,552 "people". Our failure to link about an equal number deaths on both sides resulted in a net 

increase of 395 deaths. The greatest impact of linkage was to reduce the number of injuries with 

unknown intent by 7,923 (75.2%). This clarification alone accounted for 43.6% of the total reduction in 

number of injury records available for analysis. The decision rule to select known over unknown intent, 
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intentional over unintentional, and more specific over less specific has clarified our understanding of 

injury intent. 

Table 4. Comparison of Unlinked and Linked Results 

 

An unlinked rate using all injuries would be 1,418 per 100,000 population. The Injury Hot Spots 

Project methodology resulted in an injury rate of 1,265 per 100,000 population, a decrease of 153 in the 

injury rate, or 10.8% below the unlinked rate. Linkage increased the death rate 3.3 per 100,000 

population, or 3.6 percent. 

Most of the change in the injury rate was attributable to linking the injury EOC, and then removing 

EOC of the multiply-injured. What appeared to be true multiple injury EOCs occurred primarily among 

Cases Increase (Decrease)
Measure Description Unlinked Linked Number Percent

Injured Survived 157,833   139,277     (18,556)       (11.8)       
Died 10,880     11,275       395             3.6          
Total 168,713   150,552     (18,161)       (10.8)       

Injury Unintentional 117,284   110,778     (6,506)         (5.5)         
Type Intentional 40,900     37,168       (3,732)         (9.1)         

Other 10,529     2,606         (7,923)         (75.2)       

% Injuries Unintentional 69.5         73.6           4.1              5.8          
Intentional 24.2         24.7           0.4              1.8          
Other 6.2           1.7             (4.5)             (72.3)       

Rate/100,000 Injury 1,418       1,265         (153)            (10.8)       
Unintentional 985          931            (55)              (5.5)         
Intentional 344          312            (31)              (9.1)         
Other 88            22              (67)              (75.2)       

Death 91.4         94.7           3.3              3.6          

Age 0 to 4 28,923     27,848       (1,075)         (3.7)         
5 to 9 18,995     18,364       (631)            (3.3)         
10 to 14 20,483     19,571       (912)            (4.5)         
15 to 19 45,260     42,076       (3,184)         (7.0)         
20 to 24 45,885     42,693       (3,192)         (7.0)         

Rate/100,000 0 to 4 1,024       985            (38)              (3.7)         
5 to 9 725          701            (24)              (3.3)         
10 to 14 903          863            (40)              (4.5)         
15 to 19 2,160       2,008         (152)            (7.0)         
20 to 24 2,192       2,039         (152)            (7.0)         
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adolescents and young adults age 13 to 24 (N = 6,783 cases, 95% of multiple injury cases). Linking 

and removing multiple injury EOC had the greatest impact on age-specific rates for the older groups.  

The Injury Hot Spots Project resulted in three reports. Volume Three described methods used to 

link and create the person-level file, summarize data to the ZIP- and county-level, identify injury 

hotspots, prepare small-area maps, and prepare state-, county- and ZIP-level report files.2 Volume Two 

provided county- and ZIP-level information to help with local injury prevention and planning activities.55 

Volume One focused on state-level injury statistics, including a series of state- and county-level small 

area maps.1 The following summarizes results from analyzing the person-level file as reported in 

Volume One of the Injury Hot Spots Report. 

SEVERE INJURY EPISODES. One or more severe injuries occurred for 150,552 California 

children, adolescents, and young adults age 0 to 24 between 1995 and 1997. Of these, 11,275 died of 

their injuries, 61% of all deaths in these ages. About 4 of 5 injury deaths occurred before admission. 

The 141,892 young people admitted to hospital spent 674,594 days in care for their last injury. Inpatient 

hospital charges for the last injury was over $1.55 billion. 

The number of injury cases admitted to hospital or dying before reaching the hospital declined 

during the 3-year study period. The greatest decline was in the number of intentional injuries. 

Transportation-related accidents accounted for 27% of all injury episodes, falls 20%, self-inflicted 

(Suicide or suicide attempts) 9%, other intentional injuries (assaults) 13%. Two-thirds of the injured 

were male, and 57% of the injured were over 15 years old. Injury episodes declined for those age 20 to 

24 and increased for children age 5 to 9. Non-Hispanic Whites were 41% of the injured, Hispanic 39%, 

African-American 11%, Asian 6%, Other 4%. 

INJURY EPISODES-OF-CARE. Average injury EOC length of stay decreased from 5.2 to 4.3 days. 

The median injury EOC charge increased from $7,743 to $8,029. The average injury EOC charge 

increased from $13,331 to $14,366. Medi-Cal was the most frequently found anticipated payment 

source: 38% overall. Among those with multiple admissions, 82% showed Medi-Cal as the anticipated 

payor on at least one record. Lack of any type of insurance coverage was found in 16% of all injury-

related records indicating the patient remained uninsured. 

About 20% of injury victims admitted to hospital were discharged and transferred or readmitted 

numerous times with no or a very short break before readmission. Many such cases had more than one 

injury record. Psychiatric and/or substance abuse diagnoses were present on 44% of multiply-admitted 

vs. 12% on singles. Including multiply admitted increased days of care to 907,522 and charges to $3.2 
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billion for all discharges. This is a 35% increase in days and a doubling of charges over the last EOC 

used for surveillance and mapping. Multiply admitted tended to cluster in a few counties.  

DISCUSSION 

This study addressed a difficult task. Our goal was to link three years of records for California 

children, adolescents, and young adults severely injured at least one time between 1995 and 1997. We 

were to create a "person-level" file for subsequent summary to the county- and ZIP-level in order to 

identify small area injury hot spots.  

We began linkage using the CHOP methodology first developed to study risk-adjusted mortality for 

heart attack patients.14 As we had no way to know how long it might take to resolve the long-term 

effects of injury, we did not set a day limit to end the EOC. We found a sizeable group in the PDDS with 

multiple injury records that could not be resolved using standard CHOP methodology. Sorting out 

issues associated with these records was complex.  

Because of the age group we studied and because so many injury victims die before reaching a 

hospital, many records on both sides (PDDS and VSDS) lacked a SSNC. By contrast, most heart attack 

patients have a SSNC. CHOP identified that records lacking SSNCs differ systematically from those 

with SSNCs. We have made the same finding for injury cases. 

Adding to the linkage complexity was the discovery of many VSDS records with bogus ZIPs. We do 

not believe this has been previously reported, and we suspect this may have limited other PDDS/VSDS 

linkage efforts. For example, OSHPD began offering a linked PDDS and VSDS as a standard data 

product in 1996, and its algorithm required an exact match on 5-digit ZIP.56 We did not test whether 

the ZIP is less likely to be fully recorded for deaths among younger rather than older people.  

We found deaths following hospital discharge, and also found discrepancies as to where deaths 

had occurred. Among cases discharged home or transferred, the risk of death was greatest in the days 

immediately following discharge. The inability to link PDDS death cases with the VSDS has been 

reported by other injury investigators. For example, in Maine, only 84% of fatal hospitalized trauma 

cases matched to a death certificate [26]. One study found injuries and poisoning were the commonest 

cause of death in younger patients within 28 days of seeking emergency room care [27]. Linking 

mortality and morbidity data can highlight areas of hospital care where there is the potential to prevent 

premature death and improve case management. The outcome of coroner investigations should be 
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transmitted to hospitals for quality assurance purposes. Policies relating to repeat admissions, early 

release or patient transfer may need to be reviewed as indicators of quality of care [57].  

Despite complexities of our task, reliability statistics tended to meet or exceed those reported by 

CHOP, both within the PDDS and between the PDDS and VSDS. For example, in CHOP's 1997 report 

on heart attack patients that linked to the VSDS, race differed on linked record sets for 11.3% and DOB 

discrepancies occurred in 5.5%.18 Among linked injury cases in this study, race differed within the 

PDDS for 10.1% of linked record sets and between the PDDS and VSDS for 11.2% of linked record 

sets. DOB agreed exactly between 98% and 99% of the time within the PDDS, and from 92.0 to 98.5% 

between the PDDS and VSDS. 

Despite the reliability we attained, we may have linked some records -- thereby creating multiple-

record sets -- that truly belonged to different people. We think this possible because a large number of 

injuries seemed to resolve inappropriately to single-record episodes. For example, among single-record 

injuries, 5,147 came in from another facility, and 4,467 were transferred to another facility, yet records 

from these other facilities were not found and linked. Some of these records may be among those 

incorrectly linked to other people, as discussed above. However, since the records were not a good 

enough match to make a linkage, the records inappropriately remained single. The CHOP records 

reabstraction studies have found excellent quality of linkages. However, because CHOP is conducting 

sensitive risk-adjusted reports ranking hospitals on mortality, they are extremely careful about 

accepting linkages. We had fewer SSNC and accepted looser matches.  

We echo the findings of others that availability of unique identifiers would have facilitated the 

matching process, curtailing several processing steps [58-59]. We also recommend records 

reabstraction studies be conducted, particularly with respect to the PDDS/VSDS linkage. We also 

believe attention should be focused on the quality of data submitted to Vital Statistics.  

On balance, we believe "over-linking" and "under-linking" may cancel each other out. So long as we 

consider a record in the person-level file to be a "person" in a loose rather than exact sense, we think 

we have done as good a job as possible to do the linkage task. The number of injuries we summarized 

to the county and ZIP-levels more likely reflects a "truer" number of injuries than if we had not linked. In 

that sense, we may be more conservative, since a given ZIP will have fewer injuries and hence likely to 

be identified as a hot spot. 
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