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ABSTRACT

A case-control study in progress is examining the risk
factors for physical injuries associated with the Loma Prieta
earthquake, The study explores how the physical environments
and personal behaviors of residents of the County of Santa
Cruz contributed to their risk of being physically injured or
killed during the shaking of the main earthquake and in the
subsequent 72 hours. This paper describes in detail the study
design and methods. Information on risk factors and injuries
was collected in the County of Santa Cruz through a structured
interview and review of medical records during the field
period, which ended in August 1991. The risk factors for
physical 1njury examined include age of building, type of
structure. occupant behavior, and sociodemographic charac-
teristics. Preliminary results of the data collection efforts (for
example, the number of cases and controls targeted for an
interview and ascertained) are reported here. The collected
data are currently being coded for data entry and subsequent
analysis, Final study findings will be published when available.

INTRODUCTION

Obtaining reliable and accurate estimates of casualties
associated with earthquakes has posed serious challenges.

Al9
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Such estimates have varied, in part, because there is no
universally accepted definition of earthquake-related
deaths and injuries Furthermore, documentation of inju-
ries has generally taken a lower priority than rescue and
treatment activities in the face of disaster. The Loma Prie-
ta earthquake was no exception. Initial press accounts put
the total death toll in the hundreds (Shilts and Sward,
1989a, b), an overestimate by a factor of three to four, and
even the scientfic literature could not agree on a final total
count, offering a range of 60 to 67 deaths (Journal of
Emergency Nursing, 1990; McNutt, 1990; Morbidity and
Mortality Weekly Report. 1989: and Plafker and Galloway,
1989). One year after the event, there was still no reliable
information on injury morbidity associated with the earth-
quake (Jones and others, 1990). The work described beiow
attempts to overcome these and other problems that have
characterized previous research in this area.

This paper describes recent efforts made, since the Loma
Prieta earthquake, to assess, both qualitatively and quanuta-
tively, the morbidity and mortality associated with that
event. This study, when complete, will not only provide
useful information relative to this specific event, but will
also augment substantially the literature available in disas-
ter—specifically earthquake—epidemuology. As the re-
search 1s sull in progress, the material and data presented
herein must be considered preliminary only. Unfortunately,
since most of the efforts to date have focussed on study
design, data collection, and coding, few quantitative data are
available for presentation at this stage. Reported herein,
therefore, are descriptions of the study design, implementa-
tion, and future plans, as well as preliminary assessments
made from the data processed to date. Specifically the au-
thors are unable to report injury rates, risk factors, and so
forth, at this stage, owing to the ongoing status of the project.

PURPOSE OF STUDY

A case-control epidemiology study of the risk factors for
physical injuries in the County of Santa Cruz, associated
with the Loma Prieta earthquake, is being conducted
Earthquake-related injuries that occurred during the shak-
ing of the main earthquake and the next 72 hours are
being examined. The study population 1s restricted to per-
sons who were residents of the County of Santa Cruz and
were physically present in the County at the time of the
earthquake.

The specific primary aims of this study are:

1. To assess the relative risk for physical injury associated
with different physical environments {for example,
buildings, vehicles, outside), with entrapment, and with
personal behaviors in the disaster and postdisaster
phases of the Loma Prieta earthquake.

2. To assess the relative risk for other potential risk fac-
tors for physical injury including preexisting medical

conditions and mobility, drug and alcohol use, and so-
clodemographic characternstics.

3. To estimate the absolute risk of physical injury mortali-
ty and morbidity associated with the Loma Prieta
earthquake in the County of Santa Cruz.

A secondary aim of this study is to determine if physi-
cally injured cases who sought treatment at a hospital
were different from those who did not seek such care. For
example, selection factors for treatment that will be exam-
ined include injury severity, possession of health insur-
ance, and sociodemographic charactenstics

BACKGROUND AND SIGNIFICANCE

Earthquakes are one of the most feared natural disasters,
causing mjury and physical damage in developing and de-
veloped nations alike. Despite the fact that earthquakes
have killed at least 1.3 million people in this century
(Smith, 1990), they have received scant attention from ep-
idemiologists.

PREVIOUS STUDIES

A cntical review of the scientific literature on the causes
of earthquake-related deaths and injuries leads to the fol-
lowing general conclusions. First, there 1s a paucity of epi-
demiological investigations of earthquakes, despute thewr
great lethality (Smith, 1990). This dearth has arisen from
inadequate funding and, until recently, from a relative lack
of interest in the subject area by researchers (Tierney, 1990).
Second, almost all of the published epidemiological studies
on earthquake-related injuries are descriptive rather than
analytical!, precluding the ability to establish and quantify
the magnitude of the relationship between sigmficant risk
factors and injunies. Only four earthquakes, prior to the
Loma Prieta, have been examined through analytical studies
of earthquake-related injuries: the 1976 Guatemalan (Glass
and others, 1977): 1980 Italian (de Bruycker and others.
1983, 1985); 1988 Armeman (Armenian and others, 1992;
Noji, 1990); and 1990 Philippine (Morbidity and Mortality
Weekly Report, 1990} earthquakes.

Third, documentation of deaths and, in particular, nonle-
thal injuries 15 often incomplete in the aftermath of disaster,

'Descnpnve mjury swdies nvestigate the experiences of injured or
killed individuals only The background rate of exposure to the same
hazards (for example, collapsing buildings) n the nomnjured persons is
not considered Analytical injury studies are superior to descriptive ones,
in that they compare the expenences of imjured persons to noninjured
ones to 1denttfy and quanufy sigmficant risk factors for injury. Analyticai
studies permit researchers to test hypotheses that particular hazards are
associated with injunes.
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particularly in less-developed countries. Fourth, injuries are
often vaguely and inconsistently defined in the previcus
epidemiological studies. For example, the definition of in-
Juries may include condrtions other than physical trauma
(Sanchez-Carnillo, 1989), as well as any affliction weated
after the disaster, whether or not it was earthquake-related
(de Ville de Goyet and others, 1976). Investigators often
employ different schemes to classify injury seventy levels
(Coulson, 1989). Fifth, most previous epidemiological
studies of earthquakes have been conducted solely by
health researchers, even though the topic calls for an inter-
disciplinary approach which draws on structural engineer-
ing, geology, architecture, epidemiology, and emergency
medicine

The majority of studies on the risk factors for earth-
quake-associated njuries actually appears in the earth-
quake engineering literature. These studies have generally
been executed along strict disciplinary lines without input
from heaith professionals. Thus, despite their quanutauve
approach, these engineering studies do not employ stand-
ard epidemiologic methods or meet munimal criteria gener-
ally required by epidemiologists to accurately and reliably
assess risks. For example, some surveys of carthquake vic-
tims are not based on random probability samples of a
clearly defined study population (Arnold, 1986; Durkin,
1985 (San Fernando earthquake)); others do not report
sufficient information to evaluate the sampling methodolo-
gy (Mochizuki, 1988; Miyano and Mochizuki, 1988; Ohta
and others, 1980; Ohta and Omote, 1977); stll others sam-
ple highly select groups (Mochizuki and others, 1988)%,
making it difficult to generalize the results to the rest of
the population. Many of these studies either do not report
or have unacceptably low case ascertainment or survey re-
sponse rates.” The survey instruments, when described, do
not always appear to measure well the stated vanables of
interest (Ohta and others, 1977, 1980), although this may
resuit from inadequate translations of the questionnaires
published in the Enghsh-language scientific literature.*

Despite these limitations, the literature has identified a
number of potentially important risk factors for injuries as-
sociated with earthquakes These include characteristics of
the earthquake .tself (magnitude, intensity, distance from
the epicenter. time of day, and season), geological and top-

These researchers targeted college graduates because they thought re-
spondents with hugher education would have better memories than those
with less schooling

*For example. results based on case ascertanment rates of less than 30
percent were reported for building occupants in the 1985 Mexice and
1986 San Salvador earthquakes (Durkin and others, 1988)

*The Ohita questionnaires were administered 10 Japanese but translated
into English for pubhcation.

ographic conditions (soil type, cliffs, or mountains), post-
¢ rthquake weather (rain which may cause landslides and
extreme coid), the nature of the built environment (the de-
gree of seismic resistance of buildings and other human
engineered structures, such as bridges), the presence or ab-
sence of secondary hazards (fires, hazardous materials
spills, tsunamis), sociodemographic features of the affected
population (population density, age, and sex), and human
behavior during and after the event (Stratton, 1989; Tier-
ney, 1990). An extensive critique of the earthquake injury
risk factor literature will be published later (Jones and oth-
ers, 1993a).

CASE-CONTROL STUDY OF THE EARTHQUAKE

This study in progress aims to build and improve upon
previous work. It is being conducted by an interdisciplinary
research team which includes epidemiologists (including an
injury specialist), an engineer, and an architect. As an ana-
Iytical eprdemiological study, it will be able to explore and
refine hypotheses of the contribution of the built environ-
ment and behaviors to earthquake-related casualties. Physi-
cal injunies are clearly defined with respect to qualifying
medical conditions, severity level, time of occurrence, and
earthquake-relatedness. Risks posed by structurai and non-
structural components of buildings are distinguished from
those associated with building contents.

The County of Santa Cruz was chosen for study rather
than other regions affected by the Loma Pneta earthquake
for the following reasons. Although the media concentrated
on the San Francisco Bay area, the earthquake was centered
in the County of Santa Cruz and caused widespread dam-
age and destruction 1n the County. The County of Santa
Cruz aiso presented unique opportunities for ascertaining
persons injured in the County. The County had a relatively
smail total population at the time of the earthquake (ap-
proximately 235,000). It was difficuit to leave the County
by ground transportation after the earthquake, since it 1s
isolated by natural barriers (the Pacific Ocean and Santa
Cruz Mountams), and the few roads leading out of it were
inaccessible for days, owing 10 earthquake-induced dam-
age. Furthermore, medical treatment options in the County
were thought to be restricted to the County’s three hospi-
tals, since doctor’s offices and clinics were reportedly
closed for several days after the eanhquake.5

fAn excepuon 10 this is that one clinic, Salad Para la Gente, which
sustauned senous structural damage during the quake, set up an outdoor
temporary climc i the downtown Plaza of Watsonville following the
quake The outdoor ¢linic provided limited services for minor wnjuries to a
predomunantly Hispanic clientele According to Salud’s Darector, Barbara
Garcia, persons with serious njuries were referred to a County hospital.
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PUBLIC HEALTH IMPACT OF THE STUDY

Injury prevention strategies can intervene at a number of
different phases of an earthquake: the predisaster, disaster,
and postdisaster phases {Noji and Sivertson, 1987), Inter-
ventions aimed at the predisaster phase prevent or limit
people’s exposure to the disaster; those directed toward
the disaster phase limit the impact of the disaster while it
is occurring; and those targeted at the postdisaster phase
munumize the consequences of injuries incurred during the
disaster. Examples of interventions for earthquakes include
keeping people from living or working n seismically ac-
tive regions and improving the design of buildings and
(or) retrofitting them (for example. anchoring houses,
bracing walls, and so forth) to prevent their collapse dur-
ing the shaking (predisaster phase}; instructing people on
protective actions to take during the mainshock (disaster
phase); and developing techniques to more rapidly rescue
and treat victims trapped by rubble (postdisaster phase)

This case-control study will evaluate risk factors for the
predisaster, disaster, and postdisaster phases. Thus, the les-
sons learned from this study can hopefully be used to de-
sign more effective imjury prevention plans for future
earthquakes.

Finally, this project 1s the first case-control study of
earthquake-related injuries 1 a region m which many
buildings have been designed or retrofitted to resist seis-
mic forces. Thus, in contrast to the earlier studies which
have concentrated on lesser developed nations, the results
of this investigation are likely to be generalizable to future
earthquakes in California and industalized nations, such
as Japan, which have well-conceived and enforced seismic
building codes. This information should be valuable since
there is a probability of approximately two-thirds that an
earthquake at least as strong as the Loma Prieta earth-
quake will strike California in the next 30 years (U.S.
Geological Survey, 1990).

PRELIMINARY STUDIES

BACKGROUND

This case-control study 15 one of several collaborative
projects examining the health impacts of the Loma Prieta
earthquake. The efforts of the participating research teams
arg being coordinated by the California Department of
Health Services, the State’s public health agency. This
study builds on an ongoing descriptive, case-series study
of the medical consequences associated with the earth-
quake m the County of Santa Cruz. The Johns Hopkins
University team has played a leading role mn the design
and execution of both studies. in collaboration with Cali-
fornia health authorities.

A major goal of the descriptive study 1s to determine the
circumstances, causes, and nature of deaths and physical

injuries requiring hospital treatment that occurred in the
County of Santa Cruz and were associated with the earth-
quake. These cases are also part of the case-control study.

Hospital cases were identified by reviewing the medical
records of all persons who visited the emergency room of
any one of the three hosputals in the County of Santa
Cruz—Dominican Santa Cruz, AMI Community, and Wat-
sonville Community Hospilals6—for an reason in the 72
hours after the earthquake. County residents who were
flown by helicopter to a hospital outside of the County
were also 1dentified as hospital cases. Helicoptered cases
were identified through a review of the logs of all local
helicopter ambulance services as well as through contact
with the California Department of Forestry and Fire Pro-
tection. The latter agency used sore of its helicopters to
transport County residents to hosputals outside the County.
Dead cases were identified by media reports and a visit to
the County of Santa Cruz Coroner’s Office. Dead cases
and hosputal cases whose medical records indicated they
were “injured” or they visited the hospital for “unknown”
(that is, unrecorded) reasons were targeted for a follow-up
interview. Those with “unknown” diagnoses were targeted
$O as not to miss anyone who might have been njured.

The medical records of County of Santa Cruz hospital
visitors were abstracted by 19 volunteers with medical
training under the supervision of Santa Cruz County Of-
fice of Emergency Medical Services and Watsonvilte
Community Hospital, collaborators 1n the project. Autopsy
and coroner’s reports were obtained from the Coroner’s
Office for the dead cases.

The nterviewing phase of the descriptive study began
on July 19. 1990, and was completed by March 31, 1991,

PRELIMINARY RESULTS OF THE
DESCRIPTIVE STUDY

Durnng the case ascertainment period (the 72 hours ofter
the main earthquake), six persons died from earthquake-
refated physical injuries that occurred in the County. The
three County of Santa Cruz hospitals recorded 1,057 wvisits
to their emergency rooms, representing 990 persons {some
people went to a hospital more than once in the 72 hours
after the quake). Of these 990, 630 visitors (64 percent)
had diagnoses of “injured” or “vnknown.” The remainder
(36 percent) had “illness” diagnoses. A critical review of
ali the medical abstracts resulted i <ome of the “injured”
or “unknown” persons to be judgec .neligible (that is, not
earthquake-related) whereas a few from the “illness™ cate-
gory had sufficiently ambiguous diagnoses to be included
for an interview. This review resulted 1n 5635 persons who

“Dommcan has recently acquired AMI and converted 1t into a drug
treatment center, nursing home, and intermediate care hospital.
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Table |.—Distribunion of rarget poputanon of Counry of Santa Cruz hospual cases by hospual and medical outcome record-
ed on the medical abstract

Medical Outcome

Hospital Injury Illness Unknown Total
Watsonville 215 q 33 252 (44.6 pct)
Dominican 193 0 14 207 (36.6 pcrt)
AMI 104 2 2 106 (18 8 pc¢t)
Total 512 (90.6 pct) 4 (0.7 pcod 49 (8 Tpct) 565 (100 C pct)

Table 2 —Dustribution of ascertained Counry of Santa Cruz hospital cases thar completed interviews as of December 26,
1990 by hospral and medical outcome recorded on the medical abstracr*

Medical Qutcome

Hospatal Injury Illness Unknown Total
Watsonville 184 4 24 212 {45.6 pct)
Dominigan 163 0 10 173 (37.2 pect)
AMI 79 [ 1 80 {17.2 pct)
Total 426 191.6 pct) 3 10.9 pet) 35 (7.5 per) 465 (100.0 pct)

* n=463 and n=7 Icor totally and partially completed interviews, respectively.

Table 3 —Dustribution of ascertatned County of Santa Cruz hosputal cases that refused to be interviewed as of December 26,
1980. by hospital and medical outcome recorded on the medical abstract*

Medical Qutcome

A43

Hospital Injury Illness Unknown Total
Watsonville ) g 1 7 (23.3 pct)
Dominican 13 0 1 14 {46 7 pect)
AMI 8 4] _t 9 (30.0 pct)
Total 27 {90.0 pot) 0 (0.0 pct) 3 {10 0 pct) 30 (100.0 pct)

* Includes final refusals (refusal conversion failed! (n=17) and refusals
for whem refusal conversien process had not been completed (n=13).

visited a County of Santa Cruz hospital—including one of
the six persons killed by the earthquake—or their proxies
berng targeted for an interview. Four additional persons
were 1dentified as mjured and flown to an out-of-county
hospital. Thus. the total pool of potential cases was 574
{565 County hospital cases (including | dead case) plus 5
other dead cases and 4 non-County hospital cases).

A total of 482 potennial cases or proxies were inter-
viewed (477 completed interviews and 5 break-offs), rep-
resenting 83 percent of the total. Another 31 (5 percent)
refused. About 11 percent were lost to follow-up.

Tables | and 2 show that the 465 County hospital cases
who were nterviewed as of December 26, 1990, (a final

analysis is not yet available), were highly representative of
the target population from which they came with respect
to both medical outcome and hospital visited. Table 3
shows that refusals obtained as of December 26, 1990,
were disproportionately higher than expected from the two
north County hospitals (Domnican and AMI Hospital) and
lower from the south County hospital {Watsonville). The
reasons for this are unknown. However, Dominican Hospi-
tal acquired AMI 1n a highly publicized takeover during
the interview phase, and this may account for some of the
negauve responses.

A more complete description of the case population -and
ascertainment methods is presented tn the following section.
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STUDY DESIGN AND METHODS

OVERVIEW OF METHODS

This case-control study examines how the physicat envi-
ronments and personal behaviors of the County of Santa
Cruz residents contributed to their risk of being physically
injured or killed in the County by the Loma Prieta earth-
quake. Physical environments are characterized broadly as
being inside a building, in or on a vehicle, or outside (near a
building or entirely away from one). Risk factors specific to
each environment, such as collapsing chimneys or land-
slides, are alsc being explored. Within the building environ-
ment, hazards from structural and nonstructural components
of buildings are being distinguished from dangers posed by
building contents. Behaviors of interest include the protec-
tion and rescue of oneself and other people, pets, or things,
as well as clean-up activities 1n earthquake-damaged areas
The outcomes of interest are earthquake-related physical
mnjuries that occurred during the shaking of the main earth-
quake (the disaster phase} and the subsequent 72 hours (the
postdisaster phase). Injuries are charactenized by their type,
affected body parts, cause, and level of severity

Information on both injuries and risk factors was ob-
tained through a structured interview of cases and con-
trols, or their proxies 1f necessary

Injury mformation on cases was also obtamned from
medical records and autopsy reports. Interviews were gen-
erally conducted by telephone. They were administered 1n
English and Spanish

Interviews are a standard tool in epidemiology (Schlessel-
man, 1982) They provide umque advantages over other
methods of data collection for certain classes of informa-
tion. For example, interviewing individuals is the best meth-
od currently available to investigate human behaviors
duning an unantcipated event (such as an earthquake) 1n a
large-sized sample.

To be eligible for the case-control study, participants had
to have been living and present in the County at the trme of
the earthquake. The case group consisted of hospital and
dead cases For comparison, a population-based sample of
current County residents was selected using a random digit
dial of listed and unlisted residential telephone numbers. The
sampie was divided into two groups: noninjured controls
and population cases, the latter group comprising individu-
als who incurred an earthquake-related injury but were not
treated at a County hospital or flown by helicopter w0 a
hospital outside the County. The noninjured controls were
frequency matched to hospital and dead cases on general
area of residence at the time of the earthquake. Three resi-
dential strata were defined by aggregates of contiguous zip
codes 1 the County. The goal was to mnterview two nonin-
jured controls for each hospital or dead case.

The injury status of individuals from the population sam-
ple was not determined 1n advance of the interview. Injury

L.0OSS ESTIMATION AND PROCEDURES

information collected in the interview was used to assign
persons post-hoc to the appropriate category Based on the
tesults of the pilot testing, 20 percent of the population
sample was expected to have incurred an earthquake-relat-
ed injury and thus qualify as population cases.” With such a
background injury rate, it would be necessary to interview
2 5 members of the population sample for each hospital or
dead case to achieve the desired 2:1 ratio of noninjured
controls to hospital/dead cases. Population cases will be
studied separately from hospital and dead cases.

Hospital and dead cases or their proxies were 1inter-
viewed from July 19, 1990, to March 31, 1991. Nonin-
jured controls and population cases were interviewed over
the period of March 24, 1991, to August 31, 1991,

The coilected data is currently being coded for data en-
try. Three basic types of analyses will be performed. First,
hospital and dead cases will be compared to noninjured
controls to assess the significant risk factors for injury.
Second, hospital and dead cases wiil be compared to pop-
ulation cases to evaluate the selection factors for seeking
medical care among the mnjured. Third. several descriptive
studies will be undertaken to assess the total morbidity
and mortality in the County of Santa Cruz associated with
the earthquake.

TARGET POPULATION

The case-control study target population was the residents
of the County of Santa Cruz at the time of the earthquake.
The County is highly diverse with respect to geography and
the demographic composition of its populatton. At the time
of the earthquake, the County's population was approximate-
ly 235,335 (California Department of Finance, 1990). Ap-
proximately two-fifths of the population lived in one of the
four incorporated cities—3Santa Cruz, Watsonville, Capitola,
and Scotts Valley—whereas the remainder lived in unincor-
porated areas of the County (table 4). The two major cities
are Santa Cruz (n=51,082) and Watsonville {n=30,882)
which are located in the coastal parts of north and south
County, respectively.

The populations in the north and south County are quite
distinct. The residents of north County are predominantly
white and English speaking and have a relatively high so-
cloeconomic status, Many are employed in the computer
and electronics industries. Nearby Silicon Valley and tour-
1sm drive the local economy. A large university, University
of Califorma at Santa Cruz, draws many students and pro-
fessionals to the area.

"This background rate 1s 1n keeping with the results of the case-control
study of the 1988 Armenian earthquake, it which 30 percent of the se-
lected controls were found to have been mjured but not hospitalized (Ar-
menian and others, 1992)
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Table 4 —Population characteri<tics of the County of Santa Cruz, January 1, 1990, estimates

[Source:

California Department of Finance {1990, p.

5131

Location

Number (Percent)} of People

Incorperated cities
Santa Cruz {(north County)
Watsonville (south County
Capitola (north County)
Scotts Valley (north County)

Total incorporated
Unincorporated areas

Grand Total

51,082 (22 pect)
30,882 (13 peg)
10,450 (4 pct)
9,460 _{4 pct}
101,874 (43 pct)
133,461 (57 pct)
235,335 (100 pet)

In contrast, Watsonville has an agricuitural economy
with a large Hispanic population that fluctuates seasonaliy
due to migrant farm workers Many of the Hispanics are
poor, and an undetermined number are undocumented. A
significant fraction of the Hispanic community lives in se-
verely overcrowded dwellings; often two or three families
live in a house designed for one family. Others live in
converted garages, shacks and labor camps.

The County of Santa Cruz can also be categorized by
geography Much of the County’s population lives along
the coastal regions in relatively urbanized cities. These
coastal cities. running from north to south, include Daven-
port, Santa Cruz, Live Oak, Caputola, Soquel, Aptos, Rio
del Mar, La Seiva Beach, Freedom, and Watsonwville. The
rest of the population lives 1n the Santa Cruz Mountains,
which run from the northwest 10 the southeast parts of the
County. Cities 1n the mountains include Boulder Creek,
Ben Lomond, Brookdale, Felton, Los Gatos, Mt. Herman,
and Scotts Valley 1n the north, and Corralitos in the south
The mountainous population itself is quite diverse and dif-
ferent from the coastal residents. The residents range from
wealthy growers, commune dwellers, and artists to persons
in communities as poor as Appalachia.8 Most are white
and generally very self-reliant—an attitude which may af-
fect medical seeking behaviors.

Geography also serves to isolate the population from
neighboring counties, The County is bounded by the Paaific
Ocean and the Santa Cruz Mountains, Only a few highways
lead out of the County, and some of these were closed for
days after the earthquake due to landslides and other damage.

This geographic and demographic diversity is likely to
have influenced the types of risk factors for injury and op-
portunities for medical treatment experienced by the popu-
lation during and after the earthquake.

In fact, the catchment areas for the three County hospi-
tals—the main source of hospital cases—have almost no

8personal communication from & number of local and Federal officials,
including 1990 U § Census workers.

overlap, Watsonville Hospital serves the south County
area. Dominmican and AMI are located about 1 mile from
one another in the Santa Cruz city area and serve the north
coastal and mountainous regions. This can be seen in
table 5, which presents the distribution of target population
of the County hospital cases by hospital visited in the as-
certamment period and city of residence at the time of the
earthquake. Almost all of the potential cases from Watson-
ville went to Watsonville Hospital (184 out of 191),
whereas the vast majority of Santa Cruz residents went to
either Dominican or AMI Hospitals (155 out of 158).

DEFINITION OF STUDY GROUPS

The case-control study consists of a case group, com-
prising hospital and dead cases, and a population sample,
divided nto noninjured controls and population cases. The
hosprtal and dead cases are a subset of those from the de-
scriptive study, having to meet more stringent require-
ments for entry into the case-control study. The eligibility
criteria for both studies are summarized and compared in
table 6. The study group defimtions for the case-control
study are described in the followang two sections.

CASE GROUP: HOSPITAL AND DEAD CASES

Hospital cases were defined by the following criteria: (1)
they were residents of the County at the time of the earth-
guake; (2) they were physically injured in the County dur-
ing the shaking from the mainshock, or in the subsequent
72 hours as a result of the earthquake or its aftershocks;
and (3) they were treated at a County hospital or were
flown by helicopter to a hospital outside the County within
72 hours of the earthquake.

Dead cases met the following critena: (1) they were resi-
dents of the County at the time of the earthquake and (2)
they were killed in the County by physical injuries during
the shaking from mainshock, or in the subsequent 72 hours
as a result of the earthquake or its aftershocks.
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Table 5 —Dustribution of potential cases by hospital vesited and city of residence

Cities within County Hospaital
of Santa Cruz Watsonville Dominican AMI Total
Aptos 8 22 6 36
Sen Lomond 4 1 0 5
Boulder 0 2 4 6
Creek
Brookdale 0 1 o} 1
Capitola Q 14 5 20
Corralitos 0 1 1 2
Felton 0 & 4 10
Freedom T 0 0 11
La Selwva Beach 3 0 0 3
Live Oak 0 0 & 5
Los Gatos 0 3 1 4
Mt Herman G 0 1 1
Santa Cruz 3 102 53 158
Scotts Valley 0 5 4 9
Soguel 1 24 3 28
Watscnville 184 4 3 191
Zayante 4] 0 1 1
Cities outside County 11 10 1 22
of Santa Cruz
No residence information 36 6 8 50

To make the sampling frame for hospital cases and non-
injured controls comparable, hospital cases were excluded
if: (1) they lacked a home phone at the time of the inter-
view or (2) they were living in institutional or commercial
facilines at the time of the interview. These exclusion cri-
teria will be waived if it can be determined from the inter-
view that the case’s condition 15 a consequence of the
earthquake. For example, cases ltving in motels, shelters,
or tents because the carthquake destroyed their homes are
not excluded. The residential phone requirement will be
waived for cases who usually had a home phone but who
lacked one at the time of the interview because of earth-
quake-related circumstances.

POPULATION SAMPLE:
NONINJURED CONTROLS AND POPULATION CASES

A random sample of current County of Santa Cruz resi-
dents was taken for comparison to the case group. This

population sampie comprised two groups, noninjured con-
trols and population cases.

Noninjured controls were defined by the following crite-
ria: (1) they were residents of the County when the earth-
quake occurred; (2) they were present in the County when
the earthquake occurred; (3) they were alive at the time of
the interview; (4) they were residents of the County at the
time of the interview; and (5) they were not injured be-
cause of the earthquake in the ascertainment period.

Population cases satisfied criteria (1) through (4) used
for the noninjured controls, plus two additional ones: (5)
they sustamned an earthquake-related injury during the as-
certainment period and (6) as a result of these injuries,
they did not seek treatment at a County hospital or were
not tflown by hehcopter to a non-County hospital during
the ascertainment period. Individuals who met the popuia-
tion case criteria and who sought treatment at other medi-
cal facihties (for example. private doctor’s offices, clinics)
were classed as population cases.
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Table 6 —Comparison of case and control definitions i the case-senes and case-control sudies

Case series study

Case—control study

Cases Cases Popuiation sample
Group Criteria
Population Neningjured

HYospitai Dead rospital Dead cases controls
{rgured during shaking and (or} n Vas Yes Yas Yes Yes Na
rext 72 hours 1n County
farthquake-related 1njuries Yes Yes Yes Yes Yes NA
Vis1teo a County haspital or flown Yes Somet 1mes Ves Sometimes No No
by hel:copter ambulance to cut-of-
county hospital
Resident of County at time of quake Not required Not requi—ea Required Required Required Required
Resigent of County at time of Not required Not reguired Not reauired Not required Required Required
nterview

B

Had home phone at time of interview Not reguired Not required Reguired NA3 Required Required
Lavang 1n an aestitutional facility Incluaed Inciuded Exc Tuded? NA3 Excluded Exc luded
at t'me of interview
Airve at the time of the 1nterview Not required Not required Not required Not required Requireq Requirea

Cases w thout phones at the time of the Interview wii' be A7 uded

they were nstitutionaliszes afrer their njuries, or they

aE e

chone status was related to the earthquake (for example,

irveg ta temporas, snerters because their homes were destroyed by the earthquake).

“fases "1ving 1n nStitut1ons at the tome of the 1Aterview for ~easors related toc the earthquake will be 1ncluded

3

NA means Tnot appiicable

CASE ASCERTAINMENT
(HOSPITAL AND DEAD CASES)

Hospital and dead cases in the case-control study are a
subset of those in the case-senes study. Thus, the former
were ascertained in the same manner as the latter as de-
scribed 1n the section, “Preliminary Studies.™

As noted in that section, the review of medical records
and helicopter logs resulted in 574 persons being targeted
for an interview. Another five persons were ascertained in
the process of tracing the cases who were identified from
the medical records and helicopter logs. These five persons
met the case defimtion and were interviewed. Thus, the
final total population targeted for an interview was 579,

Reviews of the records of hospital and dead cases for
whom an interview was obtained are underway to determine
if they met the eligibility requrements for the case-control
study. Preliminary results of this review are presented in the
section, “Preliminary Progress Report on Case-Control
Study.”

POPULATION SAMPLE SELECTION PLAN

A population-based strarified random sample of current
County residents was selected using a random digit dhal of
listed and unlisted residential phone numbers in the County.
Selected individuals were screened for eligibility on the

residency requirements (that is, living and present in the
County at the time of the earthquake) before being enrolled.

As ndicated above, the population sample included both
persons who were not injured by the earthquake (nonmn-
jured controls) and those who were injured but did not go
10 a hospitai (population cases). The injury status of en-
rolled individuals was not determined before the interview
began. Thus, participants were assigned to the appropriate
study group after the interview was completed.

To increase statistical power, an attempt was made to
select two noninjured controls for each hospital or dead
case. It was esumated that 20 percent of the County popula-
tion and selected sample would have been injured (see dis-
cussion below). Thus, it was deemed necessary to choose
2 5 eligible individuals to achieve the desired 2:1 ratio of
noninjured controls to hospital and dead cases.

Noninjured controls were frequency matched to hospital
and dead case on general area of residence at the time of
the earthquake, which is likely to be an important con-
founder (see section, “Target Population”).9 Matching
closely on residential location was not done because this
could result in overmatching on building type, a primary
risk factor of interest.

In theory, residential strata should be as sirmlar within
and as different between strata as possible with respect 10
the geography and sociodemographic characteristics. This
ideal was approximated by creating three strata of contigu-
ous z1p codes which were geographically distinct {table 7,
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fig 1. Stratum | covered the north mountainous areas,
where most of the County’s mountain population lived.
Stratum 2 corresponded to the north coastal region and n-
cluded the cities of Santa Cruz, Capitola, Soquel, and Ap-
10s Stratum 3 covered the entire south County, including
Watsonville, where most of the County’s Hispanic popula-
tion lived.

Nomnjured conirols were assigned 10 a siratum as parnt
of the 1ntial screening process. A random sample of listed
and unlisted residential phone numbers for the County was
computer generatf:d.10 Each number had an equal proba-
biluy of being selected. Enrolled individuals were asked
for their home zip code at the time of the earthquake be-
fore the interview began Thewr answer determined the
stratum 1nto which they fell. Once the proper number of
noninjured controls was selected for a stratum. additional
persons mitially selected from that stratum were not en-
rolled.

The matching information, home zip code at the time of
the earthquake, was also obtamed for hospital and dead
cases from the questionnaire.

This sampling plan, unusual for a case-control study,
was adopted because it was deemed both important and
feasible It was umportant because 1t would facilitate the

A confounder (for example, residential stratum) for a nsk facior of
interest (for exampie, being in a building when manshock began) can
make 1t appear that there 15 a relationship between the nsk factor of inter-
est and the outcome of interest (for example, injury) when, in truth, there
15 none, and vice versa. Technically, a nsk factor, C, ts a confounder for
the nsk factor of mterest. R, 1f* (1) C is an independent nisk factor for the
outcome of interest, |, and (2) C s distnbuted differently among the df-
ferent levels or categones of R (for exampie, the distribution of residen-
tial siritum is cifferent among those 1n a building and those not 1n a
bud: . when the shaking began), and (3) R does not cause C or vice-
versa, One method 1o control or adjust for a confounder 1s to match cases
and contrels on that confounder This 1s done when 1t 1s thought that a
random sampling plan without matching may not produce encugh cases
and controls at each level of the confounder to examine the independent
effect of other nsk factors, holding the effect of the confounder constant,
in the analysis phase A disadvantage of matching 15 that one cannot ex-
amine the association between the confounder {for example, residennal
stratumn) as a nisk factor and the cutcome of interest (for example, inju-
ry} Thus, 1n general. one tnes to nunumze the number of nsk factors
that are matched. In this study, matching on residential stratum was per-
formed because thus vanable was thought o be a potential confounder,
and a sampling plan was desired that would ensure an adequate number
of cases and controls 1n ¢ach of the three strata. This matching will not
preclude analyses of risks associated with other unmatched and potential-
Jy important risk factors {see secnon, “Purpose of Study™). including so-
ciodemographuc charactenstics such as age, sex. and level of education

'OThe 1elephone numbers were provided by the consulting firm Sunvey
Samphng, Inc. (SSI) which had performed a Waksberg-lke techmque on
all of the residential 1elephone prefixes in Santa Cruz County SSIidenti-
tied all “working blocks” of telephone numbers 1 the County Details of
the process will be provided 1o future reports,

Table 7.—Control selecreon strata by gen-

eral area of residence m the County of
Santa Cruz al the ttme of the earthquake

Z1p code City

Stratum 1: North
Mountainous County

95005 Ben Lomond
95006 Boulder Creek
95007 Brookdale
95018 Felton

95030 Los Gatos
35041 Mount Herman
95066 Scotts Valley
Stratum 2: North Cecastal

County (predominantly
nonmountainous}

95003 Aptos

95010 Capitola
95017 Davenport
35060 Santa Cruz
95062 Live Qak
95064 UC Santa Cruz
95065 Santa Cruz
95073 Soquel
Stratum 3:

Scuth County

95076 Watsonville
95019 Freedom

study of persens injured by the earthquake who would not
otherwise be ascertained as hospital and dead cases. The
number of such persons was expected to be high. In the
pilot test of the draft questionnaire—to refine the ques-
tions for inclusion in the final version—on a smail random
sample of County residents!!. 1t was found that 20 percent
reported an earthquake-related injury of any severity level
that was not treated at a hospital.!? This rate, 1f borne out
in the full-scale study, would translate into some 47,000
earthquake-related injuries in County residents.

The medical sigmficance of injuries among population
cases was also considered. Most population cases were ex-
pected to have minor injuries. However, the great majority

"See section, “Questionnaire and interview” for a bnef description of
the pifot testing procedures.

2An elevated background rate is consisient with the results of the
case-control study of the Armeman eanthquake, i which an even higher
proportton (30 percent) of the selected controls was found to have been
injured but not hospatalized (Armentan and others, 1992)



