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of all injuries caused by the earthquake was anticipated to
be moderate to minor 1n nature. Only five County residents
were killed'?, and only 33 persons had injuries serious
enough to be admitted 10 a hospual. Most of the moderate-
lv injured were probably seen at a County hospital or heli-
coptered out of the County within the ascertainment
peried, since alternative care was largely unavailable Fur-
thermore, the medical abstracts indicated that many of the
hospital visitors sustamned relatively minor injuries. Thus,
considerable overlap in the level of injury severity among
the hospital and population cases with minor injunies was
expected. Therefore, collecting information on the popula-

BThe sixth person killed 1n the County was a resident of Napa, Cali-
fornia.

tton cases was seen as essential in estimating the true
earthquake-related injury burden in the County.

The sampling plan was deemed feasible because the ex-
pected 20 percent background 1njury rate was high enough
to provide sufficient numbers of population cases to study
in a meaningful fashion. In fact, population cases composed
15 percent of the population sample that was interviewed
(see section “Preliminary Progress Report on Case-Control
Study™). This imury rate was stll adequate to produce
znough population cases to study.

RISK FACTORS FOR PHYSICAL INJURY

Table 8 presents an outline of the risk factors for physical
injury that were examined in the interview. The primary risk
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Figure I.—Santa Cruz County residence strata Bold lines are zip-code boundaries, lLight lines are County and city, boundaries.
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Table 8 —Risk factors for physical imury

During the shaking of the main
earthquake

In the 72 hours after the shaking
cf the main earthquake stopped

Physical environment

Inside a building

Inside a vehicle

Outside, within 20 feet of
a building

Outside, further than 20 feet
from a building

Cther

Being trapped

Protective/rescue behaviors
Oneself
Other people
Pats
Things/belongings

Physical environment
Inside a building
Inside a vehicle
Qutside
Other

Being trapped

Rescue/retrieval behaviors
Oneself
Other people
Pets
Things/belongings in buildings

Clean-up activities

factors of interest were physical environments, entrapment,
individual behaviors, and their interactions. Potential con-
founders, including demographic characteristics, were also
explored. Risks posed during each time penod—during the
shaking of the mainshock and in the next 72 hours—were
examined separately

Physical environments were broadly defined as being m-
side a building, in or on a vehicle, outside and within 20 feet
of a building, outside and further than 20 feet from a build-
ing, and “other.” The category of “other” would include. for
example, persons in a car which is inside an enclosed garage.,
Risk factors within each environment will be explored
through subgroup analysis. For exampte, for those within a
buillding dunng the shaking, the hazards associated with
falling furniture, collapsing walls, gas leaks, exposed live
wiring, and so forth will be examined, The type of building
will also be explored (that 1s, buiidings were broadly classi-
fied as residential, commercial, industrial/farm. or public/
institutional). The age, construction matenals, and r..mber ot
floor levels of the building, as well as respondent’s location
within it {floor level, room, and so forth) will be determined.
Respondents were also asked whether or not the building was
bolted to 1ts foundation The year of construction is conrsid-
ered a potential risk factor because seismic building codes
changed and rmproved over ume, thus, for example, older
brick buildings {which have not been retrofitted) are expect-
ed to be more hazardous than newer ones. For practical
reasons (for example. knowledge limitations of layperson
respondents), the only attempt made through the question-
naire to infer structural type was through a description of
building materials (for example, wood, brick, and so forth).!*
For those outside further than 20 feet from a building, the

Mverification of building type required a field follow-up after prelimi-
nary data analysis (Jones and others, 1993b)

dangers posed by landslides, floods, and human-made struc-
tures such as collapsing bridges and fences will be explored.
Entrapment, or mability to move, can be caused by both
physical objects which restrict movement, or by injuries
(which themselves could be the result of physical objects).
The interview distinguished between these two types of en-
trapment, which will be treated separately in analysis. Ele-
ments of entrapment which were examined include the
causative agent(s), the duration of entrapment, and the place
of entrapment. The duration of entrapment was broken
down into the intervals between first being trapped, discov-
ered by others (when relevant), and rescued or seif-freed.
Personal behaviors examined include actions taken to pro-
tect oneself, other people, pets, and belongings or things.
Rescue or retrieval of other persons, pets, and things were
also explored as well as clean-up 1n earthquake damaged
areas. Behaviors specific to each environment were scruti-
nized. For example, for those in a building during the shak-
ing, standing in a doorjamb, holding onto to something,
getung under a table or desk, and running outside were
examined. For those in a moving vehicle during the shak-
ng, actons evaluated included continuing to drnive, pulling
over and stopping, getting out of the vehicle, and so forth,
Demographic characteristics which were collected include
age, sex. marital status, occupation, ethnic ongin, level of
education. number of dependents, and home ownership. The
importance of being with other people, including dependents
or disabled persons. dunng the shaking was examined. Other
risk factors which were explored include preexisting medical
conditions and mobility, prescription drug use, and alcohol
consumption in the 2 hours before the mainshock.

OUTCOME MEASURES FOR PHYSICAL INJURY

Inpuries directly and indirectly associated with the earth-
quake were included in the study but will be analyzed sep-
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arately. Directly related injuries were defined as those
caused by the seistmic forces during the shaking of the
mainshock or its aftershocks. This class of injuries also
included persons injured in the postdisaster period while
engaged in protective, rescue, retrieval, or clean-up activi-
ties because of the earthguake. For example, this category
would include persons injured while cleaning up or re-
trieving belongings from their earthquake-damaged homes
Indirectly related injuries were those whose relationship to
the earthquake 1s less clear. For example, a person injured
in a car accident because of excess alcohol consumption
due to stress brought on by the earthquake would fall into
this category

Outcomes which were excluded from this study are: (1)
intentional physical injuries, that is, injuries that were self-
inflicted or caused by assaults, and (2) medical conditions
other than injuries which may or may not have been asso-
ciated with the earthguake, including but not limited to
psychological trauma, commumcable diseases, cardiovas-
cular events, and complications of pregnancy.

The outcomes of interest are earthquake-related physical
injuries that occurred during the shaking from the main-
shock and the subsequent 72 hours. Injuries were defined
as physical trauma of any severity level. Muitiple injurtes
to the same person were described individually. Informa-
tion collected on each injury included the type of injury,
affected body part, the cause of the injury, and the location
of the person when the injury occurred. Injuries that oc-
curred during the shaking from the mainshock will be ana-
lyzed scparately from those that occurred in the subsequent
72 hours

Each injury will be coded using the Abbreviated Injury
Scale 1990 Revision (AIS) (Association for the Advance-
ment of Automotive Medicine, 1990)., The 1990 AIS as-
signs a unique seven digit number to each injury diagnosis.
The code describes an injury according to body regron
where 1t occurs, the type of anatomical structure affected
(nerves, and so forth), the specific nature of the injury or
anatomic structure (for example, abraston, amputation. loss
of consciousness, cervical injury, and so forth), the severity
level of injury, and the AIS seventy score.

The AIS seventy score is an anatomically based system
that categorizes injuries by six body regions using a six
point ordinal scale ranging from minor (AIS=1} to current-
ly untreatable (AIS=6) injuries. The other four scores are
AIS 2=moderate, AIS 3=serious, AIS 4=severe, and AIS
S=critical. A score of nine is assigned for injuries of un-
known severity AIS scores reflect not only potential le-
thality but also diagnostic certainty, as well as the
expected duration and degree of recovery with or without
medical treatment (Association for the Advancement of
Automotive Medicine, 1990).

The AIS seventy scores are based on only anatomical
injury and not physiological status. This property means
that a particular injury can have only one AIS score that

does not change with time. In contrast, injury severity sys-
tems which nclude physiological parameters, such as the
Trauma Score, may produce many scores for the same in-
Jury as the patient’s physiological status changes with
time The AIS’ anatomical basis also means that it is a
measure of the severity of the injury itself and not of the
consequences of 1njury such as death or disability, the lat-
ter which may be affected by availability and efficacy of
treatment (Association for the Advancement of Automo-
tive Medicine, 1990).

AIS scores will be computed from interview data (all
case groups) and from medical abstracts and autopsies
(hospital and dead cases only). The scoring from each
source (interview and medical records) will be done sepa-
rately and blinded. AIS scoring employs precise medical
information of sufficient detail usually found only in medi-
cal records

Injury Sevenity Scores (ISS§’s) will be computed sepa-
rately from AIS’s derived from the interview data (all case
groups) and from medical records/autopsies (hospitai and
dead cases only). Analyses which rely on the ISS will be
done twice. using each set of ISS's.

For the purposes of analysis, outcomes for each individ-
ual will be described in two ways: (1) the absence or pres-
ence of physical injury of any level and (2) the overall
level of injury severity. Overall injury severity is a meas-
ure of the total impact of ali injuries a person may have. It
will be assessed using the ISS (Baker and others, 1974).
The ISS is the sum of the squares of the highest AIS se-
verity code in each of the three most severely injured ISS
body regions. The ISS body regions are slightly different
from the AIS classifications but are intraconvertable. The
ISS has a range of 1 to 75, The maximum score of 75 is
produced in one of two ways: either a person has three
AIS level 5 injuries, or at least one AIS level 6 injury

DATA COLLECTION PROCEDURES

MEDICAL ABSTRACTS

The majonty of relevant County hospital records were
abstracted by the team described above from November
1989 to June 1990; the rest were abstracted in September
1991. The helicopter-mediated visits to out-of-County hos-
pitals will be abstracted by the same team in future work.
The summary judgment of medical diagnosis was used to
deterrmine which County hospital visitors to target for a
follow-up interview.

HELICOPTER AMBULANCE LOGS
The premedical care logs of all local ambulance services

were reviewed for the ascertainment period by the Cal?forn?a
Office of Emergency Services. In addition, the California
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Department of Forestry and Fire Protection was contacted
for a list of persons they helicoptered to neighboring County
hospitals. Persons whose premedical care record indicated
they were injured or did not list a diagnosis were targeted
for a follow-up interview.

QUESTIONNAIRE AND INTELRVIEW

Information on potential hazards, injuries, and other fac-
tors of interest was collected through a structured inter-
view. The same questionnaire was admimstered to cases
and controls, and their proxies when necessary.

The questionnaire was developed in English, and trans-
lated into Spamish to accommodate the large Hispanic pop-
wlation that lives in the southern part of the County The
transiation was done by a doctoral student in public health
who has extensive expenence in health survey design and
translation. Like most of the Hispanic residents of the
County, the translator is of Mexican descent and was able
to translate the questionnaire into an appropriate Spamsh
dialect The Spanish version was back-transiated into Eng-
lish by two qualified persons selected by the translator.
The English version was pilot tested in June and July 1990
on a random sample of approximately 30 County residents
who were not hospital cases; the Spamsh version was
comparably tested on a sample of 10. The versions were
maodified based on the lessons learned from pilot testing,

The questionnaire had eight parts, sections A to H. Sec-
tion A collected demographic information and determined
the physical environment (in a building, in a vehicle, or
outside) in which the case or control was when the main
earthquake began. The answers given in section A directed
the respondent to either section B. C. or D. These sections
asked about exposures, human behaviors, and 1njuries dur-
ing the 15-second shaking period of the mainshock for
those in a building (section B), 1n or on a vehicle (section
C), or outside (in close proximity to a building or away
from buildings entirely) (section D) when the earthquake
began. Section E gathered information about hazards and
injurtes in the 72 hours after the mainshock. It also queried
about being trapped and rescued during the shaking and
subsequent 72 hours and evaluates the use and efficacy of
the 911 emergency response system. Section E was admin-
istered to all respondents. Section F collected information
on health care utilization. It was given only to those who
reported an injury dunng the shaking or the next 72 hours.
Section F also collected nformation on disabilities associ-
ated with the reported injunes. Section G gathered more
demographic i~formation. and data on drug and alcohol
use, physical mobility, health insurance and preexisting
medical conditions Section H was the closing section of
the interview and asked for future contact formation.

The questionnaire took approximately 30 minutes to an
hour to admimister depending on the experences of the re-

spondent. The mterview was conducted by a staff of
trained bilingual interviewers located in the County. It was
done 1n either English or Spanish depending on the prefer-
ence of the respondent. It was generally administered by
telephone at the respondent’s home. However, interviews
were conducted at a work phone, or in person through
home visits if the respondent requested it. In-person inter-
views were also done for hospital and dead cases (or their
proxies) who could not be reached by home phone be-
cause either they lacked a home phone or the study could
not trace the phone number.

Proxy interviews were obtained for dead cases or for hos-
pital cases who died since the ascertainment period. Proxies
were sought for hospital cases who were unavailable during
the interviewing phase, or who refused to do the interview.
Proxy interviews were also done for study subjects who
were under 13 years old, or who were too mentally or phys-
ically disabled to do the interview.

For respondents under 13 years old, proxy interviews were
requested of parents or guardians. For other categories,
proxy interviews were sought from adult next of kin. How-
ever, when next of kin were unavailable, other adults who
were knowledgeable about the respondent were solicited.

Minors between 13 and 17 years old were interviewed
directly. However, permission to do the interview was first
obtained from parents or guardians,

RECRUITMENT AND ENROLLMENT OF
HOSPITAL AND DEAD CASES

The recruitment and enrollment of hospital and dead
cases began on July 19, 1990, and was completed on March
31. 1991. The process involved tracing, contacting, and ob-
taining informed consent from cases or their proxies in
order to administer the interview.

TRACING METHODS AND COMMUNITY OUTREACH EFFORTS

Tracing efforts began with the information contained in
the medical records. However, phone numbers and address-
es were either missing or ourdated for many cases. There-
fore, the following additional sources were employed to
.. ¢ cases or their proxies: (1) individuals including neigh-
t .., friends, relatives, and apartment managers, (2) private
and public agencies (for example, nonprofit social service
groups, the Red Cross, churches, and government agencies
including U1.S. Postal Service, Voter Registration, Califorma
Department of Motor Vehicles, Planning Departments of the
incorporated cities and unincorporated areas of the County);
(3} a nauonal credit bureau; (4) former and current employ-
ers; {5) Federal Express, (6) publicly available sources
(newspapers, Directory Assistance, hard-bound and on-line
criss-cross directories); and (7) a prominent Hispanic com-
munity orgamzer hired as a consultant to the study.
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Tracing methods were chosen 10 protect the confidentiality
of cases No information about the study or the case was
divulged to past or current employers. When speaking with
other categones of individuals, or public and private agen-
cles, interviewers identified themseives as from the study but
did not reveal that the case was injured or visited a hospital.

A bilingual community outreach campaign was intiated
in August 1990 with the assistance of the community or-
ganizer. The purpose of the campaign was to familianze
the community with the study, and to encourage people
who met the hospital case definition to contact the study
for an interview. Flyers in Spanish and English were pre-
pared and distributed to social service agencies, labor
camps, churches, employment agencies, supermarkets, and
other public places. Radio and television public service
announcements on the study ran on local stations. The
major County newspapers donated advertisement space to
explain the study. The authors were also interviewed by
local radio stattions and newspapers.

CONTACT AND ENROLLMENT

In general, the study first contacted cases or their proxies
at therr homes by phone. When this was not possible, ini-
ial contact was made through other phone numbers (when
available), home visits, or mailings which asked the target-
ed individuals to call the study, collect if necessary. Phone
contact and home visits were made by the interviewers,

When a household was contacted, the interviewer asked
to speak to the case or his or her proxy, if necessary. Once
the desired person was reached, s'he was read an introduc-
tory script describing the study. To confirm that the proper
person had been contacted, the interviewer asked for the
case’s age. When relevant, the interviewer also asked if
the case visited the appropriate hospital in the 72 hours
after the earthquake. If the reported age was within three
years of that noted on the medical record or autopsy, and
(or) the respondent confirmed a recorded hospital visit, the
respondent was read an informed consent statement which
describes the study’s purpose, risks, and benefits. Respon-
dents who granted consent were considered enroiled, The
questionnaire was administered mmmediately after consent
was given whenever possible. If this was not possible, the
Interview was scheduled for a later time.

If the reported age or hospital visit did not match the
information in the medical records or autopsy report, the
respondent was thanked, the session was ended, and the
search for the correct respondent was continued.

RECRUITMENT AND ENROLLMENT
OF THE POPULATION SAMPLE

The population sample was recruited starting in the mid-
die of March 1991 and was continued through August

1991. The selection protocol was pilot tested in the first
half of March 1991.

In general, the recruitment and enrollment process in-
volved identifying eligible households by calling lists of
randomly generated County telephone numbers. !> Each ran-
domly generated phone number was called up to six times,
before it was discarded in favor of another one. The six calls
were made at different times of day and on different days of
the week. The interviewers proceeded down a list of such
numbers until an eligible participant from a residence was
enrolled. Persons reached at nonresidential numbers—busi-
nesses, government offices, jails, hospitals, nursing homes,
and so forth—were not eligible for enrollment.

When a household was reached, the interviewer asked to
speak to an adult. Once an adult was on the phone, the
interviewer confirmed that the correct number was dialed
and that it was a home phone. If the number was nonresi-
dential, the session was terminated. If it was residential,
the interviewer determined whether the household was eli-
gible, that 15, whether it was located in the County. If the
household was eligible, the adult—the informant—was
asked to list all the current residents in the household in
descending order of age. The sex and relationship to the
informant was also obtained for each listed member. The
interviewer recorded this information on a numbered ros-
ter form. A potentially ehgible respondent from the num-
bered list was selected using a random number table. A
proxy was obtained for selected respondents who were
physically or mentally unable to answer questions, or who
were under 13 years old

‘When the selected person or proxy came io the phone,
s/he was asked the questions on residency which deter-
mined eligibility. If the selected individual did not meet
the resrdency requirements described earhier, another per-
son on the hst was randomly selected. The same steps
were repeated until an eligible person was identified from
the household. The selected individual was read the in-
formed consent statement. If consent was granted, the in-
terview began or was rescheduled. If consent was demed,
the interviewer attempted refusal converston. If this fatled,
contact with the household was terminated.

DATA MANAGEMENT AND QUALITY CONTROL

MANAGEMENT OF INTERVIEW DATA

Each study participant was assigned a unique identifica-
tion number. A packet of materials was assembled for each
hospital and dead case that included tracing information,
interviewing materials, and a tracking sheet to record the

13See section “Population Sample Selection Plan™ for a description of
how the numbers were generated
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tme, day, and outcome of contacts. The packet for popula-
tion sample members included the interview as well as ma-
terials for the selection of an eligible household member.
Once an interview was completed, the interviewer filled
out a final disposition summary sheet and reviewed his or
her work for accuracy, neatness, and completeness. The in-
terviewer supervisors and (or) study coordinator then edit-
checked the interview and went over any problems with the
interviewer who conducted it. When information was incor-
rectly or incompletely ascertained, the interviewer was in-
structed to call the respondent back The specific questions
asked or reasked were noted on the final disposition sheet.
A DBASE file was created to assist in tracing cases and
monitor interviewing progress in cases and controls. Once a
final disposition was reached, the information was recorded
on the hard copy and was later transferred 1o the data base,
After the interviewing phase was completed, the data base
was stripped of identifying information (names, and so
forth) to protect the confidentiality of those interviewed.

INTERVIEWER TRAINING

All interviewers received two days of training at the time
of hire on general interviewing techniques, and procedures
specific to the study. They received another two days of
training on the population sample selection protocel in
March 1991, The importance of maintaining the confidenti-
ality of information collected was highly stressed. The
training included role playing with the interview and doing
practice interviews on noncase County residents Addition-
al experience was obtained during the pilot testing phases.
The interviewers were penodically monitored while inter-
viewing to improve quality control.

CCOPING QUESTIONNAIRES

The answers to close-ended questions on the question-
naires were precoded. Coding of the open-ended questions
1s currently being done by the Johns Hopkins team. Span-
1sh comments have been translated into English before
being coded with the English responses. For a subset of
the data, coding assignments to each open-ended question
will be made independently by at least two persons so that
interrater reliabidity can be assessed. Coders will also be
asked to assign codes to the same data on different days to
assess intrarater reliability

DATA ENTRY

Data entry of the coded questionnaires and the medical
abstracts was subconwracted to a data entry firm 1n Balti-
more, Marvland, The data was keypunched twice and verni-
fied for accuracy The Johns Hopkins team is currently
doing additional analyses of the data tape to check for
consistency and accuracy.

ASSESSMENT OF BIAS IN SELF-REPORTED INFORMATION

Information collected in the interview has two sources
of potential bias, bias in the accuracy and in the repeat-
ability of self-reported informauon. Accuracy for hospital
and dead cases will be assessed by comparing the degree
of correspondence between 1njury information reported in
the interview and that contained in the medical records or
autopsies.

Medical records are generally considered to be more ac-
curate and complete than retrospective self-reports. How-
ever, this assumption is questionable for the first 12 to 24
hours after the earthquake, when the hospitals (especially
Watsonville) were overwhelmed with visitors and treat-
ment took a higher priority than keeping records. The hos-
pitals reportedly resumed their normal routines after the
first 24 hours. To adjust for vanable degrees of complete-
ness of the medical records, the accuracy analysis will be
straufied by hospital and day of arrival at the emergency
room.

Accuracy for all study groups will also be assessed by
comparing self-reports of successfully reaching the 911
system to another dataset containing the logs of all 911
calls received in the 72 hours after the earthquake. The
911 dataset was compiled by study collaborator, Jim
Schneider.

STATISTICAL ANALYSIS

Three basic types of analysis will be performed on the
collected data: (1) a case-control analysis, which compares
hospital and dead cases to noninjured controls to evaluate
the significant risk factors for earthquake-related injury;
(2) a study of selection factors for seeking medical treat-
ment among the injured, which compares hospital cases to
population cases that did not seek medical attention; and
(3) descriptive analyses which estimate total injury mor-
dity and meortality in the County of Santa Cruz related to
the earthquake,

CASE.CONTROL ANALYSIS

The relationship(s) among the injury and various risk
factors will be analyzed through a senes of steps. Explora-
tory data analysis will be employed to 1denufy significant
risk factors. Injury outcomes for each case will be charac-
terized in two ways: (1) the presence or absence of imjury
{a binary outcome variable)} and (2) the overall level of
injury severity as measured by the ISS (an ordinal out-
come variable). Separate analyses will be performed for
cases who were injured during shaking, versus those who
were imjured in the next 72 hours. Some cases were in-
jured in both time periods, and attempts will be made to
model the dependence of being injured in the postshaking
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phase on being injured during the mamshock. Separate
analyses will also be conducted for injuries directly and
indirectly related to the earthquake.

When the outcome variable is the presence or absence of
injury, odds ratios can be computed. Univanate and bivari-
ate anmalysis will first be performed followed by multiple
logistic regression to characterize the independent risk fac-
tors and their interactions adjusted for confounders. The
relative odds associated with being in different physical
environments, broadly defined (that is, building, vehicle,
outside) will be evaluated. Subgroup analyses will also be
performed for risks within each physical environment.

The ISS has a range of 1 to 75, with higher values rep-
resenting greater injury severity. When the 1SS is the out-
come variable, 1t will be used to create categories of injury
severity (for example, mild, moderate, severe, lethal, and
so forth). ISS ranges will define each category. Logistic
regression will be done where the outcome variable is de-
fined as injury severity class (for example, severe vs. mod-
erate; severe vs. all other) and the dependent vanables are
the same as before. Several categonization schemes have
been used by other investigators and will be explored here
{(MacKenzie and others, 1986; Copes and others, 1988).

MEDICAL TREATMENT SELECTION
FACTORS ANALYSIS

The selection factors for medical treatment among the
injured will be evaluated in several ways. Injury severity as
a selection factor will explored by comparing the distribu-
tion of 185’s for hospital cases to the distribution for popu-
lation cases with back-to-back stem and leaf plots. Multiple
logistic regression will also be performed where the out-
come variable will be sought or did not seek medical treat-
ment (that is, y=1 for hospital cases and y=0 for population
cases). The independent variables will be the various poten-
tial selectron factors including but not limited to perceived
and actual injury severity level, possession of health insur-
ance, entrapment due to the earthquake, preexisting medical
conditions and mobility, the needs of others, and sociode-
mographic features such as age, sex, and ethnic origin.

DESCRIPTIVE ANALYSES

The total burden of physical injury in County of Santa
Cruz residents associated with the Loma Prieta earthquake
will be estimated. Both hospital and population cases,
appropriately weighted, will be used to this end. Total mor-
bidity and mortality will be calculated as well as age-, sex-,
ethnic origin- and injury severity level-specific rates in the
County population. Casualty rates for the disaster and post-
disaster phases will be calculated, as will rates for injuries
directly and indirectly relaved to the earthquake.

AS3S

The ability to estimate rates is a special feature of this
study. It is not possible to do this with most case-control
study designs, However, it is possible to estimate rates in
this study because estimates are available for both the size
of the total population at the time of the earthquake and
the fraction of the total sampled for each of the three geo-
graphic strata.

Spatal analyses of injuries will also be performed in
collaboration with study collaborator, Jim Schneider.
Spot maps which distinguish cases by injury severity,
physical environment. time period of injury, and so forth
will be made. The relationship between injuries, distance
from the epicenter, and zone of earthquake intensity will
be invesugated.

PRELIMINARY PROGRESS REPORT ON
CASE-CONTROL STUDY

The following preliminary results should be interpreted
with caution as they have not yet been thoroughiy validat-
ed. Validation efforts are currently underway, the results of
which will be reported in the future.

HOSPITAL AND DEAD CASES

As noted in section “Preliminary Results of the Descrip-
tive Study,” the size of the target population of potentially
eligible hospital and dead cases was 579. Interviews were
obtained for 482, or 83 percent of the target population.
Another 31, or 5 percent refused to do the interview, and
66, or 11 percent were lost to follow-up.

Completed interviews were provisionally reviewed to
evaluate which respondents were eligible for the case-con-
trol and descriptive studies. Recall that the eligibility crite-
ria are more stringent for the former than for the latter
study. Nearly three-fourths of those interviewed (n=358)
are definitely eligible for both studies. including 10 per-
cent (n=48) who moved out of the County of Santa Cruz
after the earthquake. Twelve percent (n=58) are ineligible
for either study because they were not injured or their in-
juries were clearly not earthquake related. About 5 percent
(n=26) are eligible only for the case-series study because
they were not County residents at the time of the earth-
quake or they lacked home phones at the time of the inter-
view. Seven percent (7=36) met the residency and phone
requirements of the case-control study but had injuries
whose relationship to the earthquake is questionable. This
last group will be included in the case-control study but
will be analyzed separately from other cases. Finally, less
than one percent (n=4) are possibly eligible for the case-
series but not the case-control study.

Thus, the number of hospital and dead cases which qualify
for the case-control study ranges from 310 to 394, depending
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on the stringency of the case definition. The most stringent
defimiion 1ncludes onty those definitely eligible cases who
had not moved outside the County by the time of the inter-
view (that 15, 358-48=310). The most Jenient definition in-
cludes those who are definitely eligible for the case-control
study, including those who moved out of the County, plus
those for whom the earthquake relatedness of their injuries
1s unclear (that 1s, 358+36=394).

To date, all but 3 (0.8 percent) of the 394 hospital and
dead cases have been assigned to one of the three residen-
tial strata used to match noninjured controls to cases (the
remaining three cases require addiuonal information t
classify). At the ume of the earthquake, 38 cases (9 6 per-
cent) resided 1n the north mountainous part of the County
(stratum 1), 179 (45.4 percent) lived in the coastal north-
ern and midcounty area that includes the city of Santa
Cruz (stratum 2), and 174 (44.2 percent) hved in the
southern part of the County that includes Watsonville
{stratum 3}.

POPULATION SAMPLE: NONINJURED
CONTROLS AND POPULATION CASES

The reader 1s again cautioned that the figures, provided
below, are preliminary and await venfication.

A total of 2,749 telephone numbers were called as part
of the population samphng pian. Of these numbers, 780
(28.4 percent) were nonhousehold numbers (for example,
businesses, disconnected numbers, FAX or modem num-
bers, and so forth). Another 1,823 (66.3 percent) were de-
termined to be households. The status of another 146
numbers (5.3 percent) was unknown because no answer
was ever obtainred upon cailing them,

Of the 1,823 households contacted, 538 (29.5 percent)
were ineligible because they were either located outside of
the County boundaries or contained reswidents who had
moved to the County after the earthquake. Another 432
households (23.7 percent) were ineligible because they
were contacted after the residential stratum from which
they came was filled (see section “Population Sample Se-
lection Plan”) Four households (0.2 percent) posed a lan-
guage barrier which precluded doing the interview, six
eligible households (0.3 percent) had otherwise ehgible re-
spondents who were not available during the study penod
(for example, were serving in the Persian Gulf War). and
five households ((.3 percent) contained a person who had
been previously interviewed by the study.

One hundred thirty-six households (7.5 percent) refused
to cooperate with the study, despite efforts to persuade
hem to do otherwise. An unknown proportion of these re-

sals almost certainly came from ineligible households,
a8 many of them occurred before household eligibility
could be determined, nearly a third of the cooperaung
households were found to be ineligible, suggesting that
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some of the uncooperative ones were ineligible as weli.
Study efforts at refusal conversion—conducted within the
appropriate guidelines of informed consent—were quite
successful. Initially, 299 households refused to participate
in the study. It was eventually possible to convince 163 of
them (54.5 percent of the refusals) to cooperate.

Finally, 701 of the 1,823 houscholds were eligible (25.5
percent) and provided one eligible person each to interview
(resuiting m 696 completed interviews and 5 break-offs).
These 701 respondents comprise the population sample for
the case-controi study.

The population sample was distributed in the following
manner. At the time of the carthquake, nearly 20 percent
(n=138) lived in stratum 1, 45.6 percent (n=320) lived in
stratum 2, and 34.7 percent (n=243) resided in stratum 3.
Just over 15 percent (n=106) of the population sample re-
ported an earthquake-related injury and thus were classed
as population cases. The majority of these injuries were
minot, although a systematic review of injury severity has
not yet been done. The remainder were noninjured con-
trols {n=5394) or had an unknown injury status (n=1).16

The proportion of reported earthquake-refated injuries
varied by stratum. The northern and mid-County coastal
area had the lowest proportion of injuries, with 12.2 per-
cent (n=39) of the 320 stratum 2 respondents reporting
one. The northern mountainous region had the highest per-
centage of injuries, with 18.1 percent (n=25) of the 138
stratum 1 respondents saying they were injured. The
heavily Hispanic south County area foilowed closely be-
hind, with 17.3 percent (n=42) of the 243 stratum 3 re-
spondents reporting an injury.

FUTURE DIRECTIONS

Further characterization of injuries and their associations
with potential risk factors 1s underway. These results will
be reported when available,

SAMPLE SIZE AND STATISTICAL
POWER

The maximum sample size of the case group (that is,
hospital and dead cases) was fixed by design. Of the 482
interviewed to date, almost 400 hospital and dead cases
were provisionally found to qualify for the case-control
study.

Statistical power increases as the ratio of noninjured con-
trols to cases increases to about four when the prevalence

!%One break-off interview ended before the injury status was deter-
mined
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of exposure to a risk factor of interest 1s low in controls'”.
Balancing additional costs of doing extra interviews against
a desire for greater power, a ratio of 2:1 noninjured controls
to each hospital/dead case was sought with a 1:1 ratio as an
absolute minimum. Because controls were matched to cases
on residential stratum, this translated into seeking a 2:1
ratio tn each stratum.

Due to resource consiraints, the 2:1 goal was met only
for stratum 1. The mumimum goal of a 1-1 ratio was ex-
ceeded for strata 2 and 3. The ratos that were achieved
were 3.0 (113/38), 1 6 (281/179), and 1.1 (200/174) nonin-
Jured controls per case for strata 1, 2, and 3, respectively.
The total sample size for noninjured controls was 594
Thus, the overail ratio of noninjured controls to hospital
and dead cases was 1.5 (594/394),

The statistical power actually achieved is likely to be
somewhere between having one and two controls per case,
al! other relevant factors held constant (for example, sam-
ple size of cases, type 1 error, exposure rate of risk factor
i controls, relative risk). Therefore, power calculations
discussed below are presented as a range, assuming the
control:case ratio of 1:1 and 2:1, all other factors held
equal. A 5 percent significance level {type 1 error) 1s also
assumed.

Most analyses will be conducted on subgroups of the
total. For example, cases imjured during the shaking will
be analyzed separately from those injured mn the next 72
hours. Approximately 73 percent, or 300, of the cases are
expected to have been injured during the shaking.!® One
might wish to estimate the relative risk of injury among
those in a building versus other physical environments
when the earthquake began. The power to detect a signifi-
cant relative risk of injury with 300 cases for a variety of
relative risk values (1.25-20 0) and levels of exposure to a
risk factor in controls (0.1-0.9) was calculated.'® The
power .ies between 82 percent and 99 8 percent to detect
any reiative risks greater than or equal to two for any
background exposure rate in controls of 80 percent or less.

Sample size will be further reduced when doing sub-
group analyses restricted to each physical environment.
The power to detect a significant relative risk of injury
with 100 cases was calculated for the same range of rela-
tive risks and exposure rates in controls, and the same sig-
nificance level as for the preceding example. The power
lies between 80 percent and 99.4 percent to detect a rela-

"Personal communication with Dr Walter Stewan. Associate Profes-
sor of Epidemiology, Johns Hopkins University, Baltimore, Md

3This conclusion 1s based on a preliminary analysis of a subset of
cases ehgible for the case-control study,

¥pgwer caiculated from the formuia (6.9) in Schlesselman (1982,

p. 151)
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tive risk of three or more for exposure rates in controls
less than or equal 1o 70 percent. For a relauve risk of 2.0,
the power ranges from 24 percent to 80 percent for expo-
sure rates in controls between 0.1 and 0.9.

STUDY LIMITATIONS
CASE ASCERTAINMENT ISSUES

Not all County hospital cases were ascertained because
some visits to the hospitals made in the 72 hours after the
carthquake were not recorded. An estimated 30 to 40 peo-
ple were treated at Watsonville Hospital, and some smail
but unknown number were seen at Dominican Hospital for
whom no record was made. All of the missing persons are
likely to have had minor injuries (they were treated and
discharged) A few of these cases may have been picked
up in the population sample, a determination which awaits
further analysis.

People who were injured in the 72 hours after the earth-
quake but who went to the hospital after 72 hours will not
be ascertained as hospital cases. The magnitude of this
problem is unknown but is expected to be small according
to anecdotal reports of hospital personnel (Jim Schneider,
County of Santa Cruz Office of Emergency Medical Ser-
vices, 1990, personal commun.). Again, a few of these
people may have been selected in the population sample.
In contrast, all injuries that occurred in the population
sample during the 72-hour ascertainment period will po-
tentially be detected.

SAMPLING FRAME ISSUES

For practical reasons, the sampling frames were slightly
different for hospital cases and the population sample, Non-
injured controls and population cases had to be County res-
idents at the time of the interview to get into the sampling
frame, whereas hospital cases did not have to satisfy this
criteria. As a result, hospital cases who left the County after
the earthquake were included in the study. However, nonin-
jured controls and population cases who have moved out of
the County since the earthquake were not included. The
frames could be made comparable by excluding outmigrat-
ing hospital cases from the case-control study. This option
was rejected since outmigration may be related to both risk
factors (for example, earthquake-damaged residence) and
injury severity levels. Although it 1s not possible to obtain a
probability-based sample of noninjured controls who have
left the County, 1t 1s possible to evaluate the importance of
outmigrators 1n the hospital case group by studying how risk
estimates change, 1f at all, by their inclusion or exclusion.

Another difference in the sampling frames between hos-
pital cases and controls is that a small subset of cases did
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not have a home phone at the time of the interview where-
as all controls did. Simlarly, a few hospital cases hved in
institutions at the time of the interview (for example, 1n
Jail, hospitals, and so forth), whereas all controls lived 1n
private residences when interviewed These distinctions
arose from the different sampling methodologies used to
ascertain cases and controls: cases were ascertained from
medical records, independent of their home phone status
or type of residence, whereas controls were ascertained
from private residences using a randomly generated hist of
phone numbers. To make the sampling frames comparabie,
cases without home phones or hiving 1n institutions at the
time of the interview will be excluded from the analyses.
This exclusion could result in some bias; it 1s well known
that individuals who have home phones or who live in pri-
vate residences may differ significantly from those who do
not. One way the study will try to measure the degree of
bias introduced by excluding hospital cases that jacked a
home phone or lived in institutions at the time of the inter-
view will be to exarmne how nsk estimates change, if at
all, by their inclusion or exclusion.

It is important to note that the exclusion of persons who
lack home phones or who live in institutions is an inherent
limitation of the random digit dial sampling method. It is a
commonly employed method, however, because it is rela-
tively mexpensive and it generates a nonbiased, random
sample of persons who have residential phones, which
constitute the vast majority of the populanon.20 The stand-
ard alternative sampling method—multistage sampling of
first blocks, then households within selected blocks, and
then individuals within selected households—is far more
expensive in time and money. The latter method requires
sending staff into the field to do an up-to-date census of
all residential units within selected blocks. Interviewers
then must attempt to contact households in person, a task
which to succe- lly complete may require many visits to
homes spread out over a large geographic area. The study
employed the random digit dial method for selecting con-
trols for practical reasons—that is, resource limitations.

INTERVIEWING TIMETABLE ISSUES

Noninjured controls and population cases were inter-
viewed after hospital cases and proxies for dead cases.
Several potential biases are introduced by this situation.
There may be differential recall bias in self-reported infor-
mation provided by the respondents. Many hospital cases
or proxies were inter. -wed less than one year after the

“Mn fact, the 1980 U S. Census indicated that 96 percent of County
resrdents had a home phone. The comparable staustics from the 1990
Census, which coincides more closely with the time peniod of the study,
will be evaluated when available
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disaster, whereas all controls were surveyed at least 17
months after the event. It can be argued that recall bias 1s
less ltkely 1n this situation because the earthquake was a
point source environmental exposure expenenced by ev-
eryone 1n the County. In the field work, virtually everyone
contacted indicated that people told their earthquake expe-
rience to others over and over again. This may enhance
recall of the event. In any case, potential recall bias in the
hospital case group can be examined by comparing the in-
formation contained 1n the medical records to self-reports
to see if correspondence between the two sources dechnes
with calendar tume.

There may also be nterviewer bias because the inter-
viewers were not blinded to the injury status of the hospi-
tal and dead cases. However, the effects of nonblinding
should be mitigated 1n part by the fact that both injured
and nomnjured persons from the population-based sample
were interviewed in the same time period—and injury sta-
tus was not determined before the interview began.

INFORMATION BIAS ISSUES

Medical records were less complete in the first day fol-
lowing the earthquake when the emergency rooms of the
County hospitals, especially Watsonville Hospital, were
overwhelmed with patients. For some cases, no diagnosis
information was recorded. Missing or incomplete informa-
tion will preclude or compromise the ability to compute
IS§’s from medical records. One possible solution to this
problem is to evaluate the degree of record completeness
by day of arrival at the emergency room. A stratified anal-
ysis by day of arrival at the hospital can be done to see if
and how risk estimates are affected.

Another form of information (and recall) bias may also
affect the computation of AIS scores. The injury questions
on the questionnaire were designed to solicit the same types
of information necessary 10 assign AIS codes to them. How-
ever, most respondents are unlikely to be able to report their
injuries at the detailed level the AIS can accommodate. This
problem should not preclude using the AIS on the interview
data but may resuit in systematically underestimating true
mjury severtty; when details on an injury are not specified,
the AIS usually assigns a lower severity score. The accuracy
of self-reports of injury severity will be assessed by exam-
ining the degree of correspondence between AIS scores
based on interview data and those computed from medical
records and autopsies. The latter procedure can be done only
on hospital and dead cases.

While the medical records-based ISS’s are expected to be
more accurate, theiwr use will reduce the sample size for
hospital cases since the medical records for at least 10 per-
cent of these cases had no diagnostic details. The assump-
tion of greater accuracy of medical records recorded during
a disaster over interview data may also be incorrect. This is
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especially true for hospital visits made in the first 24 hours
after the disaster, as noted above.

OTHER ISSUES RELATED TO THE ISS

The use of the ISS to measure 1njury severity presents
several advantages. First, it has biological relevance in
that 1t has been shown to correlate well with the probabili-
ty of death (Greenspan and others, 1985). Second, it 15 the
most widely used anatomically based injury seventy scale,
facilitating comparisons across injury studies (MacKenzie
and others, 1986). Thurd, it has been shown to have rela-
tively high inter- and 1ntra- rater rehiability for both blunt
and penetrating 1njuries, even among persons without
medical training (MacKenzie and others, 1985).

A limitation of the ISS 1s there 1s some heterogeneity in
mortality associate.; with some of the same value ISS
scores. This heterogeneity may be the result of several fac-
tors: (1) the ISS measures only the most severe injury
within a given body region, ignoring the effect of muluple
injuries to that part; (2) combinations of injuries of differ-
ent severity levels—with different mortality experiences—
can produce the same ISS score; and (3) the ISS gives
equal weight to each body region even though same level
injuries to some regions (that is, head injuries) appear to
be more lethal than others (Copes and others, 1988). This
heterogeneity may be reduced by aggregating ISS scores
into categories (Copes and others, 1988) as proposed in
the “‘Statistical Analysis™ section above.

CONCLUSIONS

Despite the limitations discussed in the preceding sections,
it 15 believed that the studies described herein will provide a
wealth of information relative to morbidity and mortality in
the Loma Prieta earthquake, and for earthquakes in general.

It is clear from literature reviews that there is a shortage
of quality, quantitative data in this area. In conducting this
study, at least some of the reasons for this scarcity became
evident. Even in the U.S., collection of both the case and
control data was difficult. The research team is most en-
couraged by the support it received 1n most phases of the
study from a broad range of people (see “Acknowledg-
ments” section).

Successful completion of the analysis phase of the study
will provide useful quantitative information to epidemioio-
gists, engineers, planners, emergency medicine personnel,
and so forth, relative to earthquake preparedness for future
events In addition, while it is recogmzed that this study
provides a single-event perspective of injury patterns. it 1s
hoped that 1t will form the basis for future studies 1n earth-
quakes in this country and abroad, thereby enabling com-
parative studies among events to be made.
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