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Emergency Department Visits and
Hospitalizations for Respiratory Disease
on the Island of Hawaii, 1981 to 1991

David M. Mannino MD,* Samuel Ruben MD, MPH,** Fred C. Holschuh MD,*
Timothy C. Holschuh, Michael D. Wilson, Tami Holschuh

This study examined trends in and patterns of emergency depart-
ment visits and hospitalizations for respiratory disease on the island
of Hawaii from 1981 to 1991. We found that emergency department
visit rates and hospitalization rates for both asthma and COPD for
1987 to 1991 increased in all regions of the island in comparison with
such rates for 1981 to 1986. Rates of emergency department visits
and hospitalizations for chronic obstructive pulmonary disease or
COPD, but not asthma, were significantly higher in the high-expo-
sure Kona side of the island than in the intermittent-exposure Hilo
side of the island during 1983 and 1988 to 1990. We also found that
during the weeks that winds were from the west, blowing volcanic air
pollution toward Hilo, emergency department visits for asthma
increased 15%. Some of the results of our study support the
hypothesis that volcanic air pollution affects respiratory health on
the island of Hawaii, while other results do not. Any future studies
should include measurements of air pollutant levels.

Introduction

Morbidity and mortality among people with asthma or COPD
continue to increase in the United States.!”? Hawaii has one of the
highest asthma death rates in the United States.* Many factors may
contribute to this problem, including lack of access to medical care,
inappropriate use of medications, exposure to allergens, and poor
air quality.* We undertook this study of emergency department
visits and hospitalizations for exacerbations of asthma and COPD
among persons living on the island of Hawaii to determine the
possible effect of the change in air quality that occurred in 1986 as
a result of the eruption of Hawaii’s Kilauea Volcano.

Kilauea Volcano has been active intermittently since 1983 and
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continuously since 1986. The main volcano and its vents produce
about 1200 tons of sulfur dioxide gas daily. Prevailing winds blow
most of this gas, along with its oxidation products, to the western
side of the island where Kona is located. The island’s main popula-
tion center, Hilo, is located about 40 miles east of the Kilauea
Volcano. Occasionally the winds reverse and blow from the west to
the east, toward Hilo. During 1989 to 1990 mean levels of particu-
lates with an aerodynamic diameter of less than 10 (tm on the Kona
and Hilo sides of the island were similar (11.5 pg/m® and 10.7 pg/
m?, respectively), whereas sulfate levels (which are thought to be
related to volcano-generated air pollution) were higher on the Kona
side (4.7 pg/m®) than on the Hilo side (1.8 pg/m?) of the island.>

In the first part of this study we examined trends in the rates of
emergency department visits and hospitalizations from the emer-
gency department for asthma and COPD that occurred on the island
of Hawaii from 1981 to 1991. In the second part of this study we
examined weekly variations in emergency department visits for
asthma that occurred at Hilo Hospital from 1981 to 1991. For the
years 1986 to 1991, the years for which we have meteorologic data
available, we examined how wind speed, wind direction, and
temperature affected emergency department visits for asthma at
Hilo Hospital.

Methods Part |

Researchers extracted records from emergency department log
books in four of five hospitals (Hilo, Kau, Kona, Kohala) on the
island of Hawaii for the period from January 1, 1981 to September
30, 1991. The fifth hospital at Honokaa did not maintain an
emergency department log. We extracted data on all patients listed
in the emergency department log book and whose discharge diag-
nosis mentioned either asthma, chronic bronchitis, or emphysema.
The data extracted included diagnoses, age, sex, town of residence,
hospital visited, date and time of visit, and disposition. Because we
did not extract personal identifiers, it is possible that the same
person could have been counted on several different occasions.
People who were not residents of the island of Hawaii were coded
as either being from other islands in the Hawaiian archipelago, from
the mainland United States, or from other countries.

We recoded all of the data entries to make the diagnoses uniform
and to make the town recorded conform to a standard census district.
The diagnoses were coded as either a primary or secondary diagno-
sis of asthma, or a primary or secondary diagnosis of COPD. Each
entry had only one diagnosis, and in those cases where both asthma
and COPD were listed in the discharge diagnoses, we used the
diagnosis that appeared first. We then entered the recoded data into
a computerized data set and verified the data manually using the
data-entry sheets.

We used census data from both the 1980 and 1990 U.S. Census.
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HEPA is pleased and proud to honor Hawaii County Civil Defense
administrator Harry Kim. Mr Kim was presented a special award by
the Hawaii Medical Association at its 1994 annual meeting during the
installation of the HMA President, HEPA co-founder Dr Fred
Holschuh. Because of a longstanding association with Mr Kim and
his friendship and affection for him, Dr Holschuh asked that he be
allowed to write some comments in this recognition of Harry Kim.
Here are his comments:

It is fitting that Harry Kim be honored in this issue of the Hawait
Medical Journal featuring the results of a study on the health effects of
vog. I have known Harry Kim for many years and was privileged to
serve with him and others on the Hawaii County Vog Authority. His
“y concerns for the people of our island and our state have led to many

Harry Kim positive approaches in dealing not only with vog and the destruction

of Kalapana, but the consequences of all potential disasters affecting

human safety. Whether it is a storm, flood, fire, earthquake, drought, or other disaster, we all rest eas-

ier knowing Harry is on top of these situations. We all have heard Harry's calming voice on Big Island
radio with his Civil Defense announcements.

Harry Kim was aware of the potential health effects of vog and laze (hydrochloric acid vapor emit-
ted when the lava enters the ocean) and said it was the duty of public health officials to evaluate and
warn. people of problems. He was constantly on the scene at the command post at Kalapana Beach
! Park during the heart-wrenching destruction of Kalapana. My wife Diane and [ saw Kalapana burn, saw
! the Painted Church moved away, flew over the flow, watched with sadness as the people’s lives were
forever altered, and above all, were aware that Harry was always there. [ can still envision him stand-
ing with fire officials, talking to the press, conferring with his staff, speaking with federal and state offi- :
cials, and praying during religious ceremonies. The most vivid memory 1 have of Harry, however, is of
him standing with his arm around a o
young woman's shoulders, sharing her
grief when her home vanished under
the lava's march to the sea.

Harry Kim was misty eyed, as we
all were, when the Hawaiian musical
group that played at the HMA Annual
Meeting dedicated the song “Kalapana”
to him. He shed tears for the people of
Kalapana and opened his heart to ’
them. The whole state opened their
hearts to Harty Kim. "
Harry, my friend, it is with great
pride and humility that HEPA is pleased
to join the people of the Big Island in
Harry Kim directs the moving of the Star-of-the-Sea Painted Church.  Saluting you and thanking you for all

Photo by D. Welsel, U.S. Geological Survey you do for all of us.
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We determined annual intercensal population estimates for each of
the 12 census districts on the island by linear interpolation, using
1980 and 1990 age-distribution breakdowns for each census district
to estimate the population size for each age group from 1980 to
1991. We used the population estimates to calculate annual age-
adjusted and population-adjusted rates.

We divided the island into three regions on the basis of presumed
exposure of the population of each area to volcanic air pollution
(high, intermittent, or low), along census tract lines (Fig ). This
classification was made on the basis of the consensus of two
clinicians who treat patients on the island. Population-based air-
pollution data were not available for the years 1981 to 1991.

We calculated annual rates of emergency department visits for
asthma (as either the primary or secondary diagnosis) and COPD (as
either the primary or secondary diagnosis) for seven age groups in
each of these regions. We then calculated the age-adjusted annual
rate for each region and the rate ratio (RR) and its 95% confidence
intervals (Cls), comparing the period from 1987 to 1991 with the
period 1981 to 1986, for each age group in each region and then for
each region, using an age adjustment.® We used the statistical

Fig 1.—Map of the island of Hawaii showing Kilauea Volcano, the three
exposure regions, and the locations of the five hospitals.

Kohala

Low-Exposure Area
Honokaa /

program SAS (SAS Institute, Cary, NC) for these analyses. Addi-
tionally, we calculated annual ratios between the high-exposure
region and the intermittent-exposure region using a weighted Man-
tel-Haenszel stratified analysis available in Epi-Info 5.01 (Centers
for Disease Control and Prevention, Atlanta, Ga). We did not
calculate annual rate ratios between the low-exposure region and
either of the other regions because we did not have data from one
hospital that was located in the low-exposure region.

Methods Part Il

We used the same emergency room data base described above in
this part of the study, but limited our analysis to patients who were
treated at the Hilo Hospital emergency department and had a
diagnosis of asthma, reactive airways disease or related conditions.

Data on volcanic activity over the study period were obtained
from researchers at the U.S. Geologic Survey (Terry Gerlach, U.S.
Geologic Survey, August 1993).

Meteorologic data were obtained from Hawaii Volcanoes Na-
tional Park. A weather station has been operational from September
1986 to the present at a site near Kilauea Volcano. This weather
station, which is at an elevation of approximately 4,000 feet, is not
influenced by daily variations in wind direction (oceanward in the
evening and landward during the day) that affects weather stations
closetothe coast of anisland. We used hourly wind direction, hourly

wind speed, and hourly temperature. For each hour, we classified
the wind direction as blowing from the west (compass direction
between 170° and 340°%), blowing from the east (compass direction
between 0° and 170%), or neither. We classified an hourly wind speed
as low if it was less than the 25th percentile of all the hourly wind
speeds (3.9 miles per hour) and classified an hourly temperature as
low if it was less than the 25th percentile of all the hourly tempera-
tures (13.5° centigrade). We then summed wind direction from the
west and east, low wind speed, and low temperature for each day.

‘We summed both emergency department visits and meteorologic
factors over a 7-day period (Saturday to Friday) to determine
weekly counts. For the meteorologic factors, we then divided the
sum by the total number of hours that week that the variable was
measured to determine a proportion. To calculate categorical vari-
ables for meteorologic factors, we determined the highest quartile
for wind direction from the west (greater than 10.8% of total hours
per week), and the median for low wind speed (15.0% of total hours
per week) and low temperature (17.8% of total hours per week) and
classified each week accordingly. We also determined quartiles of
the wind speed and temperature factors, which we used in the linear
regressions.

We determined monthly and annual emergency department visits
for asthma. We used 1980 and 1990 census data to estimate annual
populations for the region that Hilo Hospital serves, and used these
estimates to adjust the visits in the years 1982 to 1991 to the 1981
population.

Statistical analyses were done using the statistical programs SAS
and SPIDA (Statistical Computing Laboratory, New South Wales,
Australia). We calculated the correlation coefficients between weekly
emergency department visits and the meteorologic factors as either
continuous or categorical variables. Because meteorologic factors
are related to month of the year, we divided each year into three 4-
month seasons, and used these divisions, rather than months, as a
seasonal indicator. We included this seasonal indicator in our
multiple linear regression analyses, using the SAS procedure RE-
GRESS. Wind direction from the west was the main variable of
interest. We also assessed interaction between this variable and
other meteorologic factors. Additionally, we stratified the data into
weeks with low and high wind speeds and temperatures. We then
did t-tests, using emergency department visits as the dependent
variable, between weeks with and without western winds (as a
categorical, independent variable) present.

We used the generalized estimating equation analytic program
from SPIDA to repeat regression analyses while controlling for
autoregression in our model. We did this by grouping the data into
four-month seasons and treating these groups as independent. We
used independent and exchangeable correlation structures in this
analysis, and controlled for wind speed and temperature.

Results Part |

During the study period, there were 12,539 visits (6,242 females
and 6,297 males) for asthma or COPD to the four emergency
departments. The diagnoses varied by age, with asthma more
prevalent among younger people (younger than age 45 years) and
COPD more prevalent among older people (older than age 45 years,
data not shown). Similarly, the disposition of each patient visit also
varied by age, with a higher percentage of older patients admitted to
either the hospital or the intensive care unit than were younger
patients (data not shown). Of the 12,539 patients who sought
treatment for asthma or COPD, 10,078 (80.4%) were discharged to
their home, 1961 (15.6%) were admitted to the hospital, 455 (3.6%)
were admitted to the intensive care unit, 5 (0.1%) died, and 40
(0.3%) were transferred to another facility.
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The percentages are a proportion of the row total and may not add up to 100% because of rounding,

Table 1.—Numberand Percentage of Patients who Sought Treatment for Asthma or Chronic Obstructive Pulmonary Disease in Four whereas emergep cy dep.artment visits for

Hospital Emergency Depariments by Age Group and Hospital, istand of Hawaii, 1981 to 1991, asthma were consistently higher among people

living in the intermittent-exposure area than

Age Group (in years) among those living in the high-exposure area

) (p < 0.05 for every year). Annual age-ad-

Hospital | Olo<5 |5to<i5 | 15t0<25 | 25to<4s 4510<65 | 6510<75 >75 | Total justed rates of emergency department visits

Kona 399 552 244 552 566 309 201 | 2823 and hospitalizations for COPD showed a dif-

(14.1%) | (19.6%) (8.6%) (19.6%) (20.1%) {11.0%) (7.1%) ferent pattern (Fig 3). The high-exposure area

Kohala 100 033 50 - 44 a3 59 567 . consistently. ha.d'the highfest rates, and these

(17.0%) | (39.7%) (8.5%) (11.6%) (7.5%) (5.6%) (10.1%) rates were significantly higher in some years

i 1063 003 s 516 ot o5 R when volcanic activity was increased (1983
” (24%) | (@22% | (101%) | (184%) (143%) | @1% | (5.0%) and 1988 to 1990, p < 0.05). ,

The overall age-adjusted and population-

Kau 41 139 52 47 24 25 35 363 adjusted rate ratios for emergency depatt-

(11.3%) | (38.3%) (14.3%) (13.0%) (6.6%) (6.9%) (9.6%) ment visits by people with asthma and COPD

Total 2503 2867 1231 2263 1883 1042 730 | 12539 and hospitalizations for asthma and COPD,

when we compared data for 1987 to 1991

with data for 1981 to 1986, were similar in all
three regions of the island (Table 3). Both the
emergency department visit rates and the

Table 2—Disposition of Patients Seeking Treatment for Asthma and Chronic Obstructive Pulmonary Disease at Four Hospital hospitalization rates had increased in all three
Emergency Departments, by Hospital, island of Hawail, 1981 to 1991, re gi ons
Number and Number and Number and Number and Number and Total R Its Part Il
Percentage of Percentage of Percentage of Percentage of Percentage of esuits Far
Hospital Patients Patients Patienls . Patients Who Patients During the study period there were 7,993
Discharged Admitted to Admitted to Died Transferred emergency department visits for asthma to
Hospital Intensive Care Unit to Other N . .
P Facillty Hilo Hospital. Females made slightly more
« 1057 5 55 . o - visits than males (4,032 vs 3,959). Children
one (69.3%) (24.76%) (5.5%) (0.2%) (0:4%) younger than age 16 made 3,895 (48.7%)
visits. Most of the patients were discharged
Kohala 5()63‘7 59° OD O0 22° 587 home (6,888, 86.2%).
(ba2%) fo1a (0.0%) 0.0%) (85%) Mean weekly visits increased from 11.4 in
Hilo 7298 1161 300 0 7 8766 1981 to 18.2 in 1991 (Table 4). After adjust-
(83.3%) (13.2%) (3.4%) (0.0%) (01%) ing the population to the 1981 baseline popu-
Kau 317 45 0 0 1 363 lation, we found that the mean weekly visits
(87.3%) (12.4%) (0.0%) (0.0%) (0.3%) increased from 11.4 to 15.2. Figure 4 illus-
Total 10078 1961 455 5 0 12539 trates the weekly emergency department vis-
its for asthma at Hilo Hospital, along with the

The percentages are a proportion of the row total and may not add up to 100% because of rounding.

Both the distribution of patient age and the disposition of the
patient varied by hospital (Table 1, Table 2). Hilo Hospital had a
higher percentage of visits by patients younger than age 15 years
than did Kona Hospital (45% vs 34%, p < 0.001) and had a lower-
percentage of visits by patients older than age 45 than did Kona
Hospital (27% vs 38%, p < 0.001) (Table 1). As one would expect,
Kona Hospital had a higher proportion of patients whose diagnosis
was COPD (data not shown) and admitted a higher proportion of
patients than did Hilo Hospital (p = 0.005). We found that the two
smaller hospitals in Kau and Kohala had distributions of patient
ages that were similar to those found at Hilo Hospital. We also
calculated what percentage of patients received care at the hospital
close to them. Of the 8,353 patients included in this part of the study
who lived close to Hilo Hospital (as determined by census district)
8,272 (99.0%) received their care at the Hilo Hospital emergency
department, whereas of the 2,474 patients who lived close to the
Kona Hospital, 2,385 (96.4%) received their care at the Kona
Hospital emergency department.

Annual age-adjusted and population-adjusted rates of emergency
department visits and hospitalizations for asthma did not show a
consistent pattern over the study period (Fig 2). Hospitalization
rates for asthma were similar among people living in the high-
exposure and intermittent-exposure areas (p > 0.05 for every year),

volcanic activity over this period, 1981 to 1991.

Figure 5 shows the monthly patterns of emergency department
visits for asthma, and how these patterns varied during different
time periods. Multiple regression analysis showed the weekly
means of emergency department visits during the months of June,
July, and August to be significantly lower (p < 0.01) than those
during the other months in 1983 to 1986 and 1987 to 1991, but not
in 1981 to 1982.

For the 225 weeks for which we had data available, we found that
weekly emergency department visits were positively .correlated
with the weekly percentage of hourly winds from the west (Pearson
correlation coefficient (r) = 0.21, p = 0.002), positively correlated
with the weekly percentage of hourly low wind speeds (r = 0.145,
p = 0.038), positively correlated with the weekly percentage of low
temperatures (r=0.20, p=0.003), and negatively correlated with the
weekly percentage of hourly winds from the east (r = -0.22, p=
0.002). Figure 6 displays weekly emergency department visits and
weekly percentages of hourly winds from the west. Meteorologic
factors varied by month (Fig 7).

Emergency department visits were increased during those weeks
that had winds from the west more than 10.8% of the time, and
during those weeks that had low temperatures more than 17.8% of
the time (Table 5). We did not detect a relationship between weeks
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Fig 2—Annual age-adjusted rates for emergency department visits and hospitalizations for asthma
during 19811991, island of Hawaii. We used adjusted rate ratios to determine the significance
between the high-and intermittnet-exposure areas for each year.

Annual Age-Adjusted Rates
Visits to Emergency Departments for Asthma
Rate/1,000

25

05

]
o 1981 1983 1985 1987 1989 1991
1981 1983 1985 1987 1989 1991 . Region § Region 2
N Region 1 Region 2 =p<0.05 ftent £ A High
=p < 0.05 3 (Intermittent-Exposure Area) (High-Exposure Area)
(Intermitient-Exposure Avea)  (High-Exposure Area) b b T
— e Hospital Admissions for COPD (By People Aged > 45 Years)
Rate/1,000 Hospitat Admissions for Asth

1981 1983 1985 1987 1989 1991
0 . Region § Reglon2
=p<0.05 g egon
1981 1983 1985 1987 1989 1891 P {Intermittent-Exposure Area) (Hign-Exposure Area)
Region 1 Region 2 — o ammeas
(intermittent-Exposure Area) (High-Exposure Area}

Fig 3.—Annual age-adjusted rates for emergency depariment visits and hospitalizations for chronic
obstructive pulmonary disease (COPD) during 1981 to 1991 on the island of Hawaii. Age-adjusted
rate ratios were used to determine the significance between the high-and intermittent-exposure areas
for each year.

Annual Age-Adjusted Rates

Visits to Emergency Daparments (or COPD (By People Aged > 45 Years)
Rate/1,000
4

Rgteh ,000

Table 3.—Age-Adjusted Rate Ratios, by Regon, for Visits to Hospital Emergency Depariments and
Hospitalizations for Asthma and Chronic Obstructive Pulmonary Disease (COPD), island of Hawail,
1981 to 1991.

Region 1 Region 2 Region 3
{High-Exposure Area) (Intermitient-Exposure Area) | (Low-Exposure Area)
RR  (95% CI)* RR  (95% CI)* RR (95% Cly*
Emergency 117 - (1.07,1.27) 121 (1.15,1.26) 1.26 (1.03, 1.53)
Department
Visits for Asthma
Hospitalization for 124 (1.03,148) 117 {1.04,1.32) 170 (0.96,3.01)
Asthma
Emergency 1.87 - (1.52,2.29) 1.66 (1.43,1.92) 2.35 -{1.18,4.68)
Depariment
Visits fro COPD
Hospitalizations 176 (1.38,2.24) 154 (1.25,1.90) 239 (1.03,553)

for COPD

* Rate Ratio (RR) and 95% Confidence Intervals {Cl), comparing age-adjusted rates in 1987 to 1991
to 1981 fo 1986.

with low wind speeds and emergency department visits. The per-
centage of hourly winds from the west was higher during weeks with
low temperatures and low wind speeds than it was during weeks
with high temperatures and high wind speeds (Table 5). When we
stratified the data into weeks with low wind speed and weeks with
high wind speed, we found that western winds were associated with
an increase in emergency department visits in both strata (Table 6).
When we stratified the data into weeks with high temperatares and
weeks with low temperatures, we found that western winds were
associated with an increase in emergency department visits in
weeks with high temperatures, but not during weeks with low
temperatures.

We tested for, and did not detect, interactions between wind
direction and wind speed or temperature in our multiple regression
model. In the final model (Table 7), western winds accounted for a
16% increase in emergency department visits for asthma at Hilo
Hospital, after we adjusted for other low wind speed, low tempera-
ture, year and season.

In the linear generalized estimating equations, where we grouped
the data by year and season to control for autocorrelation, wind
direction from the west accounted for a 15% increase in emergency
department visits after controlling for wind speed and temperature
(p = 0.005).

Discussion

The first part of this study examined the trends in emergency
department visits for asthma and COPD on the island of Hawaii
from 1981 to 1991. We were interested in determining whether there
was any change in this trend after Kilauea Volcano began erupting
intermittently in 1983 and continuously in 1986.

We did not have air quality data available to validate our high-
exposure, intermittent-exposure, and low-exposure regions; in-
stead, we used the consensus of two physicians who treat patients
living on the island to determine these regions. Although these
divisions seem reasonable, they may not accurately reflect actual
exposures to volcano-generated air pollution.

We evaluated an 11-year period in which people had visited
emergency departments for the treatment of asthma or COPD. We
were able to demonstrate a difference in emergency department
utilization between the two largest hospitals: Kona and Hilo. Hilo
Hospital tended to treat a greater number of younger patients
(younger than age 15 years) and to admit fewer of them, whereas
Kona Hospital tended to treat a greater number of older patients

i
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Fig 5.—Monthly emergency department visits for asthma to Hilo Hospital, Hawaii, adjusted to 1981
population for the region that Hilo Hospital services. :

‘Fig 4.~Weekly emergency department visits for asthma to Hilo Hospital, Hilo, Hawaii, and volcanic
activity, as determined by sulfur dioxide emissions, for the years 1981 to 1991,

Mean of Monthly Visits to Hilo Hospital for Asthma

90

0
Jan Feb Mar Apr May Jun Jul Aug Sep Ocl Nov Dec

1981-1982 1983-1986 1987-1991
—_——— e Aersnser vavees D veies

Adjusted to 1981 Population for Region

(older than age 45 years) and to admit more of them. The reasons for
the difference in utilization patterns are unclear but may be related
to the differences in the communities that surround these two
hospitals. This difference may have affected the outcome of the
study, especially if children in the Kona area, which is thought to
have high exposure to volcanic air pollution, were more likely to
receive care for their asthma exacerbations at physician’s offices
than at the hospital’s emergency department. We were not able to
obtain data from the Honokaa Hospital, where emergency depart-
ment logs were not maintained during 1981 to 1991. This small
hospital is located in a low-exposure région from which it draws its
patients. The absence of data from this hospital would cause the
estimates of asthma and COPD rates among people living in the
low-exposure region to be falsely low, but this absence would not
be expected to affect these rates among people living in the high-
exposure or intermittent-exposure regions of the island.

Annual age-adjusted rates for both emergency department visits
and hospital admissions for asthma varied by the region of the
island. Although people living in the intermittent-exposure area had
a higher rate of emergency department visits than did people living
in the high-exposure area, the hospitalization rates for people living
in either area were similar in all years of the study. This finding
suggests that the people with asthma who were treated at the hospital
in the intermittent-exposure region (Hilo) had less severe illness
than those who sought treatment at the hospital in the high-exposure
area (Kona). Other possibilities include a diagnostic bias at Hilo
Hospital (physicians may have been more likely to list a discharge
diagnosis as asthma), a difference in emergency department utiliza-
tion between Hilo and Kona Hospitals, or a difference in access to
primary care physicians between the Hilo and Kona communities.
Conversely, in 1983 and 1988 to 1990, age-adjusted rates for both
emergency department visits and hospitalizations for COPD were
higher in the high-exposure region than they were in the intermit-
tent-exposure region.

Age-adjusted and population-adjusted rates of emergency depart-
ment visits for both asthma and COPD were higher in 1987 to 1991
than in 1981 to 1986; the same was true for hospitalizations for
asthma and COPD. This relationship was detectable in areas of the
island thought to have high, intermittent, and low exposures to
volcanic air pollution. The reasons for these higher rates are unclear,
One possibility is that the increase we observed was unrelated to the
volcanic eruption. Another possibility is that, because people travel
to all areas of the island, their residence may not accurately reflect
their exposure to volcanic air pollution. Yet another possibility is
that volcanic air pollution affects the entire island to some degree.

Number of Patients Seen at Hila Hospital for Asthma per Week

4071

1982 1983 1984 1985 1986  19B7 1988 1989 1990 191

Metric Tons of SO2 Daily

0
1981

1986 1987 1988 1989 1990 1991

B Pyt 0% Vent

1983 1984 1985
B Kilavea Summit

1981 1982

- National estimates of hospital discharge rates for asthma in-
creased 4% from 1980 to 1990.7 In this study, we found that
hospitalization rates for asthma, after adjusting for age and popula-
tion, increased 20% and varied by region. The increasing morbidity
and mortality of asthma nationally is thought to be related to several
factors, including allergen exposure, lack of access to care, inappro-
priate medication use, and poor air quality. We do not have any data
on allergens that are present on the island or how their levels may
have changed over the study period. More than 98% of Hawaii
residents have medical insurance,® so most would have access to
either a primary care provider or to the emergency department. We
do not have data on medication use by residents, but would not
expect this to vary dramatically from such use by people in the rest
of the country. We did not collect data on emergency department
visits for bronchitis or pneumonia for this 11-year period. These
conditions would be expected to affect a larger portion of the
population than asthma or COPD and might be more sensitive
indicators of the effects of volcanic air pollution.

The results of the second part of the study suggest that, after
controlling for other meteorologic factors such as wind speed and
temperature, winds from the west are associated with an increase in
emergency department visits for asthma at Hilo Hospital. There is
a strong, independent, seasonal component to both emergency
department visits for asthma and the other meteorolo gic factors that
were measured. Unfortunately, we do not have meteorologic data
prior to 1986 to determine whether this pattern was similar when
there was less volcanic activity.

Other researchers have demonstrated a relationship between
meteorologic factors and hospitalizations for asthma exacerba-
tions.>!? Results of a study on Oahu demonstrated a relationship
similar to that seen in our study between unusual wind directions
and emergency department visits for children with wheezing.!! In
that study, the magnitude of the effect of wind direction was about
20% of the effect of temperature, whereas in our study, the magni-
tude of the effect of wind direction was greater than that of
temperature.

Air quality factors, including levels of sulfur dioxide, 12 ozone,
acid aerosols,"*and organic dusts's have been linked to respiratory
morbidity and mortality in some studies. Sulfur dioxide is the main
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Table 4—Population estimates of the Hilo Hospital catchment area and mean weekly emergency
department visits for asthma, unadjusted and adjusted to 1981 population, for 1981 10 1991.

Year Estimated Population Inadjusted Weekly Adjusted Weekly
Mean Visits Mean Visits
1981 56,833 11.4 11.4
1982 57,958 12.1 11.9
1983 59,083 13.9 134
1984 60,208 2.1 114
1985 61,333 13.3 124
1986 62,458 137 12.5
1987 63,583 150 13.4
1988 64,708 15.6 13.7
1989 65,833 17.7 15.3
1990 68,083 16.8 142
1991 69,958 18.2 15.2

Table 5.—Mean emergency department (ED) visits o Hilo Hospital, Hawai, for asthma and mean
percentage of weekly winds from the west stratified by weeks with or without low wind speeds, low
temperatures, and winds from the west. The P values compare the yes values fo the no values ineach
category.

Variable N ED Visits P Percentage of Winds P
from West

Low Wind Speed .| No 113 15.6 210 0.9 <.000
Yes 112 16.5 173

Low Temperature | No 111 147 <.000 5.9 .003
Yes 112 174 12.3

Winds from West | No 168 15.4 .003 13 <.000
Yes 57 17.9 31.8

pollutant generated at Kilauea Volcano (Terry Gerlach, U.S. Geo-
logic Survey, August 1993), in amounts that far exceed those
generated by coal-burning power plants.'® Additionally, hydrochlo-
ric acid aerosols are generated when hot lava enters the ocean.'” We
did not have population-based air quality data available to us. The
meteorologic station, located near the Kilauea Volcano’s sumnit,
documented high levels of sulfur dioxide when the wind was
blowing toward the monitor (data not shown). Although tourists
visit this area, few people live near this monitoring station, and the
air pollutant levels measured there would likely not be correlated
with population exposures in Hilo. Additionally, the largest source
of sulfur dioxide is the Puu Oo vent (Fig 5), located eight miles
closer to Hilo than the summit.

We used the meteorologic data from the summit of Kilauea
Volcano, believing that these data would best reflect the general
meteorologic conditions on the eastern side of the island, without
being affected by the daily wind variations that affect the more
coastal monitors. The overwhelming majority of the winds mea-
sured at this weather station were the typical eastern trade winds.
The weekly percentage of western winds varied by month, with
June, July, and August having the lowest percentage, and October,
December, and February having the highest percentage. Evenin the
months with the highest percentages, however, western winds
accounted for only 25% of the total weekly winds,

We used different methods to determine the relationship between
wind direction and emergency department visits. All methods
demonstrated an increase in weekly visits of approximately 15%

associated with western winds when we controlled for other factors.
This finding may be related to air quality factors and volcano-
generated air pollution. Another cause for this finding might be
allergens or molds blown into the area from the east central part of
the island. Other factors, such as respiratory infections or influenza
epidemics, also may be important.

Limitations of both parts of this study include a possible self-
selection process, diagnostic bias, and lack of environmental or
personal exposure data. Some physicians have reported that some of
their patients who thought that the volcanic air pollution was
adversely affecting their health either moved to a different part of
the island or moved off the island altogether. If this observation is
true, those residents who remained behind in the high-exposure
areas would be a healthier subgroup, people who were possibly less
affected by the effects of volcanic air pollution. Our extraction
method was dependent on the diagnosis listed in the emergency
department log book. Different physicians might give a similar
disease process different diagnoses, which might have affected our
results if these alternative diagnoses were not included in data
extraction. A final limitation is that we did not have regional or
personal exposure data. This limitation makes this study an ecologic
one, which can be used to generate but not prove hypotheses.

Some of the results of our study support the hypothesis that
volcanic air pollution affects respiratory health on the island of
Hawaii, while other results do not. We found that emergency
department visit rates and hospitalization rates for both asthma and
COPD increased in all regions of the island of Hawaii during the
period 1987 to 1991, including those areas that presumably have
less exposure to volcanic air pollution. Conversely, we detected a
higher rate of both emergency department visits and hospitaliza-
tions for COPD on the high-exposure, western side of the island
during 1983 and 1988 to 1990 than on the intermediate-exposure,
eastern side of the island during those years. We did not see,
however, a similar effect in asthma hospitalizations, and we found
that the rates of emergency department visits for asthma were much
higher on the intermittent exposure side of the island. On the other
hand, during weeks when winds were blowing towards the Hilo side
of the island, 15% more people went to the emergency room in Hilo
because of asthma. We do not have air quality data and cannot
determine whether these findings are related to volcano-generated
air pollutants or other factors. Further investigations of asthma and
other respiratory disease on this island should include population-
based air-quality monitoring, that measures levels of sulfur dioxide,
fine respirable particulates, and acid aerosols.

Use of trade names is for identification only and does not consti-
tute endorsement by the U.S. Public Health Service or the U.S.
Department of Health and Human Services.
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Fig 7.—Weekly percentage of low temperature hours, low wind speed hours, and hours with winds
from the west, by month over the time period 1987 through 1991, Hifo, Hawaii,
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Fig 6.—Weekly emergency department visits for asthma to Hilo Hospital, Hito, Hawaii, and weekly
percentage of hours with winds from the west, measured at the Kilauea summit, for the years 1987
through 1991.
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