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ABSTRACT

Objective. This study assessed the health effects of the 2003 Northeastern
blackout, the largest one in history, on mortality and hospital admissions due
to respiratory, cardiovascular, and renal diseases in New York City (NYC), and
compared the disease patterns and sociodemographic profiles of cases during
the blackout with those on control days.

Method. We investigated the effects of the blackout on health using incidence
rate ratios to compare the disease on blackout days (August 14 and 15, 2003)
with those on normal and comparably hot days (controls). Normal days were
defined as summer days (June—August) between the 25th and 75th percentiles
of maximum temperature during 1991-2004. Comparably hot days were days
with maximum temperatures in the same range as that of the blackout days.
We evaluated the interactive effects of demographics and the blackout using a
case-only design.

Results. We found that mortality and respiratory hospital admissions in NYC
increased significantly (two- to eightfold) during the blackout, but cardiovas-
cular and renal hospitalizations did not. The most striking increases occurred
among elderly, female, and chronic bronchitis admissions. We identified
stronger effects during the blackout than on comparably hot days. In contrast
to the pattern observed for comparably hot days, higher socioeconomic status
groups were more likely to be hospitalized during the blackout.

Conclusions. This study suggests that power outages may have important
health impacts, even stronger than the effects of heat alone. The findings
provide some direction for future emergency planning and public health
preparedness.
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On August 14, 2003, a series of small disturbances in
power generation and transmission triggered protective
shutdowns of power plants that cascaded into a mas-
sive power outage affecting tens of millions of people
throughout the Northeastern United States beginning
at 4:11 p.m. on August 14 and lasting approximately
31 hours.! The magnitude of the threat to human
health and safety is illustrated by statistics from a U.S.
Department of Transportation report on the effects
of the blackout in New York City (NYC): 11,600 traf-
fic signals went dark, 413 subway trains stopped with
400,000 passengers aboard, and 800 elevator rescues
were made.? In addition, high-rise apartment buildings
were without water because they rely on electric pumps
to move the water to the upper floors, and raw sewage
was released into lakes and rivers as the loss of electric
power shut down wastewater treatment plants.

Several studies have been published that detail some
of the health-related issues posed by the blackout.
Most of these studies focus on the increased use of
various health-care sectors during the blackout. For
example, an increase in calls to 9-1-1 and emergency
services,” including a poison control center, was
noted.® Klein et al. documented that while the power
outage increased the utilization of hospitals’ emergency
services, the effective operation of hospitals was com-
promised by the loss of power.” Beatty and colleagues
described the public health responses in NYC to risks
posed by the power outage, such as spoilage of food
and contamination and/or lack of water.®

The increases in health service provider activity
reported by these studies suggest an increase in health
problems associated with the blackout, but only one
study reported actual cases of illness. In a case-control
investigation of diarrheal illness, Marx and colleagues
found that cases were 2.7 times and 1.6 times more
likely than controls to have eaten meat and seafood,
respectively, during the period between the blackout
and the onset of symptoms.’

Just as food spoilage caused by the blackout-induced
loss of refrigeration posed a risk for gastrointestinal
illness, it is hypothesized that the interruption of air
conditioning and mechanized transportation and the
resulting heat exposure and exertion may have posed a
risk for other health problems. As no studies had been
conducted in these areas, this study aimed to (I) assess
the health effects of the 2003 blackout on mortality
and hospital admissions for respiratory, cardiovascular,
and renal diseases in NYC; (2) compare the pattern of
health outcomes during the blackout with that during
days of comparable temperatures and during normal
summer days; and (3) identify the socioeconomic
groups most susceptible to the combined effects of
heat and power outage.

METHODS

Study population and data sources

The study population included all residents of NYC.
Hospital discharge data in NYC from 1991 to 2004 for
respiratory, renal, and cardiovascular diseases were
obtained from the New York State Department of
Health’s Statewide Planning and Research Cooperative
System (SPARCS)."” SPARCS is a legislatively mandated
database that contains hospital discharge data for at
least 95% of all acute care hospital admissions in New
York State, excluding admissions to psychiatric and fed-
eral hospitals. The data included principal diagnoses,
hospital admission date, sources of payment, date of
birth, gender, race/ethnicity, and street address. Data
from the 1990 and 2000 U.S. Census at the census
block level were used to derive an indicator of socio-
economic status (SES).

We obtained mortality data from NYC Vital Records
for the years 1995-2004. The data included principle
diagnoses (International Classification of Diseases,
Ninth Revision [ICD-9] code)' for death causes, date
and time of death, residential county, city and street
information, ZIP code, gender, race/ethnicity, age, and
birth date of decedent.

The Data Support Section of the Computational
and Information Systems Laboratory at the National
Center for Atmospheric Research provided hourly
observations of temperature (T) and dew point (DP)
from the National Weather Service (NWS) stations in
NYC. Two NWS stations, LaGuardia Airport (LGA) and
John F. Kennedy Airport (JFK), had complete data for
the period of the study, June 1-August 31, 1991-2004.
Because of its more central location compared with JFK,
and the fact that more than 85% of NYC residents live
within its buffer, the station at LGA was used as the T
and DP data source for all of NYC.

Blackout and control definition

We classified August 14 and 15, 2003, as blackout days.
We used two referent groups, “normal summer days”
and “comparably hot days,” as the control (compari-
son) groups to assess the effects of the blackout and
to compare/separate the effects of the blackout from
those of temperature. We defined normal summer
days as the summer days from June through August
(1991-2004), after excluding the blackout days, and
days on which the daily maximum temperature was
<25th percentile or >75th percentile of daily maxi-
mum temperature in NYC during the summer months.
The temperature range of the normal days in this
study was between 78.1°F and 87.1°F (June 1-August
31, 1991-2004). Comparably hot days were days in the

same period on which the maximum temperatures
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were in the same range as those of the blackout days
(89.1°F to 91.0°F).

Health outcomes

The health outcomes examined were all-cause deaths
and hospital admissions due to respiratory, renal, and
cardiovascular diseases. For hospitalizations, a case was
defined as a resident of NYC who was admitted to a
hospital in the summer (i.e., June, July, and August)
from 1991 to 2004 with a principal diagnosis of respira-
tory, renal, or cardiovascular disease. We used ICD-9
codes to classify cases.

Respiratory disease diagnoses included chronic
bronchitis (491), emphysema (492), asthma (493),
and chronic airway obstruction not elsewhere classified
(496). For children aged 0-4 years, we included acute
bronchitis and bronchiolitis (466) and bronchitis, not
specified as acute or chronic (490), because these are
common respiratory illnesses among very young chil-
dren and their symptoms are difficult to distinguish
from asthma in young children. Renal diagnoses
included nephritis, nephrotic syndrome and nephrosis
(580-589), other diseases of the urinary system (590-
599), and symptoms involving the urinary system (788).
Cardiovascular diagnoses included chronic rheumatic
heart disease (393-396), hypertension (401-405), isch-
emic heart diseases (410-414), cardiac dysrhythmias
(427), congestive heart failure (428), and cerebrovas-
cular diseases (430-434, 436-438). Deaths from all
causes were included in the mortality analyses.

Data processing and geocoding

To define the study population more precisely, the
residential address from each hospital admission record
due to respiratory diseases was geocoded and assigned
a latitude and longitude using MapMarker Plus® 12.12
About 84% of the residential addresses were geocoded
automatically, 15% were geocoded interactively, 94%
were geocoded to street level, 5% were geocoded to ZIP
code level, and fewer than 1% (about 6,110 records)
could not be geocoded. Admission records for cardio-
vascular diseases, renal diseases, and mortality records
were also geocoded to at least ZIP code level. The map
of geocoded addresses was overlaid onto the map of
exposure regions using MaplInfo Professional®8.5.1* We
then calculated daily hospital admission counts for each
outcome of interest between 1991 and 2004.

Statistical analysis

We used time-series plots to make time-based, within-
community comparisons of mortality and morbidity
during blackout and non-blackout periods. To control
for the potential effect of high temperatures on hos-

pital admissions, non-blackout days were partitioned
into normal summer days and days that were as hot
as the blackout (comparably hot days). We computed
the mean daily rates of each outcome, and compared
rates during blackout days, normal summer days,
and comparably hot days using incidence rate ratios
(IRRs). We calculated Wald 95% confidence intervals
(CIs) assuming a Poisson distribution of daily admis-
sion counts.

To assess whether some people were more vulner-
able than others to being hospitalized during the
blackout, we examined several demographic character-
istics: race/ethnicity, SES, gender, and age as potential
modifiers of the effect of the exposure. We used a
“case only” design, which, according to Armstrong
and Schwartz,'*15 assesses the interaction between
demographic variables and the exposure. Use of this
method requires independence of the modifiers and
the exposure, a condition met by these data. We cal-
culated odds ratios (ORs) for each stratum to exam-
ine whether the proportion of a given demographic
subgroup that was hospitalized during the blackout
differed from the proportion hospitalized during
normal summer days. For comparison, we conducted
the same analyses to assess demographic modification
of the effect of comparably hot days.

RESULTS

The blackout lasted for two days with maximum tem-
peratures of 91.0°F and 89.1°F. There were 110 days
with maximum temperatures comparable to those of
the blackout days. A total of 703 days in June through
August, 1991-2004, fell between the 25th and 75th per-
centiles of maximum temperature and were classified
as normal summer days. We excluded 289 days having
a maximum temperature <25th percentile (78.1°F)
and 296 days having a maximum temperature >75th
percentile (87.1°F).

We conducted a preliminary examination of the
effects of the blackout on hospital admissions and
mortality by plotting the daily counts of these outcomes
from June through August of 2003. Part “a” of the Fig-
ure shows daily mortality counts across summer 2003.
A significant increase in deaths was seen on August 15,
the day after the blackout. Figure part “b” shows no
changes in the patterns of daily counts of cardiovascular
admissions during the blackout period. For renal dis-
eases (Figure part “c”), although the admissions count
on August 14 was relatively high, it was not higher than
days with very high temperatures (e.g., June 24-27, July
6, and August 20). In contrast, a large spike in hospital
admissions for respiratory diseases occurred on the day
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Figure. Daily mortality and morbidity counts in New York City during summer 2003
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Note: The vertical reference lines point to the date of August 14, 2003; dots and black lines represent observed daily morbidity and mortality
counts; gray curves are daily normals and their 95% confidence intervals. Daily normals are the mean daily mortality or morbidity counts for the
same date in the years 1991-2004, with temperatures between 78.1°F and 87.1°F (the 25th and 75th percentile of the distribution of maximum
temperature in New York City from June through August), excluding blackout days.

NYC = New York City

of the blackout and continued on the day after the
blackout (Figure part “d”). The increase in mortality
will be explored in future work. Only the results for
respiratory admissions are presented in this article.
Table 1 presents data comparing the observed maxi-
mum temperatures and the observed and expected
mean temperatures for the day before, the day of, and
the day after the blackout, as well as the observed and
expected values for humidity and respiratory admis-
sions. Each expected value is the mean of the values
on the same dates for all other years (1991-2002 and
2004). The observed mean temperatures for the three
days did not differ from the expected temperatures.
The relative humidity on the day before the blackout
did not differ from expected, while on the day of
the blackout (Day 0) and the day after the blackout

(Day 1) it was lower than expected. The maximum
temperatures for the three days were 89.1°F, 91.0°F, and
89.1°F, respectively. On the day before the blackout,
there were 90 respiratory admissions in NYC, which did
not differ significantly from the expected value of 80.
However, on Day 0 and Day 1, hospital admissions for
respiratory diagnoses were 298 and 255, respectively,
each of which was more than three times higher than
expected (IRR=3.87,95% CI 3.00, 5.04; and IRR=3.27,
95% CI 2.54, 4.26, respectively).

For all respiratory diagnoses combined, the rates
of admissions were 276.5 per day during the blackout,
82.8 per day during comparably hot days, and 82.6 per
day during normal days (data not shown). Within each
diagnostic subgroup, the rates of admissions during
each of the exposure types (blackout and comparably
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hot) were compared with the rates of admissions on
normal days and reported as IRRs (Table 2). Of the
diagnostic subgroups, chronic bronchitis admissions
were most strongly affected by the blackout, showing a
717% increase compared with normal days (IRR=8.17,
95% CI 7.14, 9.36). Likewise, admissions for emphy-
sema, chronic airway obstruction, and asthma were
increased during the blackout, with IRRs of 3.87,
3.79, and 2.41, respectively. Comparably hot days did
not have a similar effect on admissions; only one IRR
approached statistical significance: emphysema admis-
sions compared with normal days (IRR=1.12, 95% CI
0.99, 1.26).

During the blackout days, 52.1% of chronic bron-
chitis cases were =75 years of age compared with 39%
during the comparably hot days. For chronic airway
obstruction, the proportion of cases =75 years of age
was 51% during the blackout and 40.7% during com-
parably hot days. Examination of the blackout effects
in nearby areas of New York (e.g., Long Island, White
Plains, and the Lower Hudson Valley) revealed sig-
nificantly increased respiratory admissions (percentage
increases of 1.61, 1.99, and 0.67, respectively) (data
not shown).

To assess whether some people were more vulner-
able to being hospitalized for respiratory conditions
during the blackout, we examined several SES vari-
ables, including race/ethnicity, socioeconomic factors,
income, gender, and age, as potential modifiers of
the effect of the exposure (Table 3). We calculated
ORs for each stratum as a measure of how likely a
demographic subgroup was to be hospitalized dur-
ing the blackout compared with others not in that
subgroup. For comparison, we conducted the same
analyses to assess demographic modification of the
effects of normal days and comparably hot days. Excess
vulnerability to the effects of the blackout was found
among the elderly (OR=2.58, 95% CI 2.16, 3.09),
non-Hispanic people (OR=1.55, 95% CI 1.24, 1.94),
white people (OR=1.36,95% CI 1.14, 1.62), and those
residing in higher socioeconomic areas (OR=1.23,
95% CI 1.03, 1.46). People of a race other than black
or white (OR=0.73), Hispanic people (OR=0.64),
and those <50 years of age (OR=0.38 for those aged
20-49 years and OR=0.72 for those aged <20 years)
had reduced odds of being admitted to the hospital
during the two blackout days. Gender, being black, or
being aged 50-74 years had no differential effect on
blackout-related hospitalizations.

Table 2. Total hospitalizations and IRRs for respiratory admissions by disease subgroups
during the Northeastern blackout: August 13-15, 2003, New York City

Hospital admissions

IRR (95% Cl)

Blackout days
(h=2)
Total (mean daily)

Comparably® hot
days (h=110)
Total (mean daily)

ICD-9 code:
disease group

Normal days?
(n=703)
Total (mean daily)

Blackout
vs. normal

Comparably hot
vs. normal

466: Acute bronchitis

and bronchiolitis 9 (4.5) 609 (5.5)
490: Bronchitis, not

specified as acute

or chronic 0 (0.0 3 (0.6)
491: Chronic bronchitis 215 (107.5) 1,477 (13.4)
492: Emphysema 9 (9.5) 301 (2.7)
493: Asthma 259 (129.5) 5,937 (54.0)
496: Chronic airway

obstruction, not

elsewhere classified 51 (25.5) 729 (6.6)

4,155 (5.9) 0.76 (0.40, 1.4¢) 0.94 (0.86, 1.02)
393 (0.6) NA 0.86 (0.65, 1.15)
9,247 (13.2) 8.17 (7.14, 9.36) 1.02 (0.97, 1.08)
1,725 (2.5) 3.87 (2.46, 6.08)° 1.12 (0.99, 1.26)
37,825 (53.8) 241 (213, 2.72) 1.00 (0.98, 1.03)
4,736 (6.7) 3.79 (2.87, 4.99) 0.98 (0.91, 1.06)

2Comparably hot days are days with maximum temperatures between 89.1°F and 91.0°F (the maximum temperatures on August 14 and 15,

2003).

®Normal days are days with maximum temperatures between 78.1°F and 87.
temperature in New York City) from June 1 through August 31, 1991-2004,

Significant at p<0.05
IRR =

Cl = confidence interval

incidence rate ratio

ICD-9 = International Classification of Diseases, Ninth Revision
NA = not applicable

1°F (the 25th and 75th percentile of the distribution of maximum
excluding blackout days.
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Table 3. Total hospitalizations and ORs for respiratory admissions by demographic characteristics

during the Northeastern blackout: August 13-15, 2003, New York City

Demographic
characteristic

Hospital admissions

OR= (95% Cl)

Blackout days
(n=2)
N (percent)

Comparably hot®
days (h=110)
N (percent)

Normal days®
(n=703)
N (percent)

Blackout
vs. normal

Comparably hot
vs. normal

Race
White 218 (42.0) 3,085 (35.3)
Black 180 (34.7) 3,105 (35.5)
Other 121 (23.3) 2,555 (29.2)
Ethnicity?
Hispanic 95 (18.8) 2,140 (27.5)
Non-Hispanic 411 (81.2) 5,643 (72.5)
Socioeconomic status
High-income area 217 (39.4) 3,050 (34.2)
Low-income area 334 (60.6) 5,871 (65.8)
Gender
Female 333 (60.2) 6,045 (56.3)
Male 220 (39.8) 4,754 (43.7)
Age (in years)
<20 109 (19.7) 2,295 (25.2)
20-49 63 (11.4) 2,275 (25.0)
50-74 196 (35.4) 3,016 (33.1)
=75 185 (33.5) 1,520 (16.7)

19,360 (34.7)
20,086 (36.0)
16,330 (29.3)

13,072 (26.4)
36,444 (73.6)

19,722 (34.6)
37,243 (65.4)

32,486 (55.9)
25,595 (44.1)

14,772 (25.4)
14,545 (25.0)
19,309 (33.2)
9,455 (16.3)

1.36 (1.14, 1.62)
0.94 (0.79, 1.13)
0.73 (0.60, 0.90)

0.64 (0.52, 0.81)°
1.55(1.24, 1.94)¢

1.23 (1.03, 1.46)¢
0.82 (0.69, 0.97)°

1.19 (1.01, 1.41)°
0.84 (0.71, 0.99)°

0.72 (0.58, 0.89)°
0.38 (0.30, 0.50)
1.10 (0.93, 1.31)
2.58 (2.16, 3.09)°

e

1.02 (0.98, 1.07)
0.98 (0.93, 1.03)
1.00 (0.95, 1.05)

1.06 (1.00, 1.12)
0.95 (0.90, 1.00)

0.98 (0.94, 1.03)
1.02 (0.97, 1.07)

1.01 (0.97, 1.06)
0.98 (0.94, 1.03)

0.98 (0.94, 1.04)
1.00 (0.95, 1.05)
0.99 (0.95, 1.04)
1.03 (0.97, 1.09)

2ORs are based on comparing the selected stratum with all other strata.

®Comparably hot days are days with maximum temperatures between 89.1°F and 91.0°F (the maximum temperatures on August 14 and 15,

2003).

“Normal days are days with maximum temperatures between 78.1°F and 87.1°F (the 25th and 75th percentile of the distribution of maximum

temperature in New York City) from June 1 through August 31, 1991-2004, excluding blackout days.

“Missing values are approximately 8% for blackout days, 15% for comparably hot days, and 15% for normal days.

<Significant at p<0.05
OR = odds ratio
Cl = confidence interval

Table 3 shows that most of the ORs for the inter-
actions between demographic characteristics and
exposure to comparably hot days were very close to
1.0, indicating that hospitalizations on these days were
unaffected by demographics.

DISCUSSION

We found that respiratory hospital admissions and total
mortality in NYC increased significantly during the
2003 Northeastern blackout relative to normal summer
days, while hospitalization due to cardiovascular or
renal diseases did not. The only previous study assess-
ing a health effect was a case-control study examining
diarrheal illness in NYC after the 2003 blackout.” In that
study, there was a significant increase in diarrhea cases
identified through the NYC Syndromic Surveillance
System; diarrhea cases occurring after the blackout
were associated with eating meat (OR=2.7, 95% CI

1.2, 6.1) and seafood (OR=4.8, 95% CI 1.6, 14) that
presumably had spoiled due to the power outage. No
other studies of specific health endpoints after a mas-
sive power outage were available for comparison.

A question that might be asked is, what environ-
mental factors changed due to the blackout and poten-
tially contributed to the health effects we found? The
blackout exposed people to a number of conditions
that could have contributed to the surge in respiratory
admissions, including heat, poor air quality, exertion,
and psychological stress.

The heat effect during the blackout may have been
an important contributor to the increase in admissions
we observed. The ambient maximum temperature in
NYC was 91.0°F on the day of the blackout and 89.1°F
on the day after the blackout. In addition to the very
high outdoor temperature, the loss of air conditioning
and mechanical ventilation caused indoor tempera-
tures to rise, leaving people with no respite from the
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outdoor heat. Previous studies have reported positive
associations between very high temperatures and
increased risk of mortality,'!” respiratory diseases,'s"
and heatrelated diseases.?

Poor air quality is a well-known risk factor for respi-
ratory diseases” and mortality.? The 2003 blackout
affected air quality on both the regional and local levels.
The regional effect was due to the cascading electrical
grid problems that caused power generation plants
to shut down across the northeastern U.S. Evidence
of large reductions in sulfur dioxide (SO,) (>90%),
ozone (50%), and light scattering by particles (70%)
was recorded by aircraft over central Pennsylvania on
August 15, 2003, 24 hours after the blackout began.
Similarly, nitrogen oxide and SO, emissions from
upwind power plants were down to 34% and 20%,
respectively, of that normally found.?® Projections sug-
gest that areas such as NYC may have experienced a
reduction in pollution drift as a result of the power
plant shutdowns.

On the local level, people’s exposures to vehicular
emissions were potentially higher than usual. With the
loss of trains and subways, more people crowded the
streets, walking or attempting to use buses or taxicabs.
But vehicular traffic was snarled due to the absence
of traffic signals, and it is likely that exhaust emissions
were higher than usual on the streets as vehicles waited,
with engines running, for the traffic jams to clear.

The increased need for physical exertion during
the blackout would also be an important concern
for the elderly, people with underlying diseases, and
other vulnerable populations. With transit within NYC
brought to a standstill, people were exerting themselves
by walking longer distances under harsher conditions
than they would have on a typical day. The U.S. Depart-
ment of Transportation reported that 400,000 people
were evacuated from stopped subway trains during the
blackout.? Many of these trains were stopped far from
platforms and passengers had to walk on the train tracks
in the dark tunnels that were now without ventilation.
Similarly, people who ordinarily rode elevators now
walked stairs in buildings without air conditioning or
ventilation.

The effects of these three factors—heat, poor air
quality, and exertion—were likely aggravated by a
fourth factor: the psychological stress of not knowing
what had happened, not knowing what else might
happen, not knowing how to get home, and worry-
ing about loved ones. The terrorist attacks on the
World Trade Center had occurred less than two years
previously, and many people feared that the blackout
they were experiencing was the result of terrorism. In
addition, home health aids for people with respiratory

diseases (e.g., nebulizers and oxygen enrichers) would
not be working during a blackout. Greenwald found
that patients who were dependent on home electrical
medical devices, mainly oxygen conservers, sought
care in emergency departments and hospitals when
the power failed.* Due to the power outage, major
municipal water pumping stations and fuel stations
failed for 24 hours in NYC. The consequences of this
series of problems after the blackout caused physical
and emotional stress on local residents, especially those
with existing chronic diseases.

This study demonstrates much stronger effects on
respiratory diseases during the blackout than during
heat wave days. These stronger effects were shown in
almost all respiratory disease categories except for acute
bronchitis, bronchiolitis, and non-specified bronchitis.
The most striking increase during the blackout was
in admissions due to chronic bronchitis, which were
eight times the rate on normal days. Hospitalizations
for emphysema, asthma, and chronic airway obstruc-
tion increased by 1.5- to threefold compared with
normal days. The very large increase in risk for chronic
bronchitis admissions could be due to the fact that
there was a larger proportion of the elderly with this
disease who were more susceptible to heat. Although
there was also a large proportion of the elderly with
chronic airway obstruction, the effect of the blackout
on this disease is not as strong as the effect on chronic
bronchitis for unknown reasons or unstable estimate
due to small sample sizes. The stronger health effect
during the blackout compared with comparably hot
days may be due to the combined effects from heat
and the additional risk factors, such as poor air quality,
high exertion, psychological stress, and loss of access to
electric medical devices, as mentioned previously.

In contrast to previous studies regarding heat
effects,’™® our study did not find increased suscepti-
bility among the elderly during comparably hot days
compared with normal summer days, which may be due
to the temperature during the blackout being lower
than that of a heat wave. However, our study found
increased susceptibility among the elderly (those =75
years of age) during the blackout. Older people have
a reduced biological capacity to acclimate to thermal
extremes because of their higher sweating threshold.?
Thus, the loss of air conditioning and fans may have
contributed to this increased effect. Furthermore,
aging is often accompanied by chronic illness and
social isolation.?” Finally, impaired cognitive function
in older adults may affect their decision-making and
make them less likely to avoid heat exposure or seek
necessary medical assistance.?®

Our study found that a greater proportion of women
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were hospitalized during the blackout compared with
normal summer days, but gender had no effect during
comparably hot days, which is consistent with other
research.? Because there are no other blackout stud-
ies for comparison, it is unclear why females would be
more vulnerable.

One of the most interesting findings of the current
study was that the demographic patterns of respiratory
admissions during the 2003 blackout were quite dif-
ferent from those during comparably hot days. High
sociodemographic (SES) groups such as white people,
non-Hispanic people, and those living in higher income
areas had a significantly increased risk of admission for
respiratory diseases during the blackout. On the other
hand, our previous studies in NYC found that lower
SES populations were more susceptible to the heat’s
health effects during extremely hot days.'® Higher
SES groups are more likely to use nebulizers or other
electric home aids and air conditioners than lower
SES groups in summer. Thus, they depend on electric
equipment to manage disease and are adapted to living
in cooler conditions, making them more susceptible
to heat during a power outage.

We found that large increases in respiratory hospital
admissions and mortality occurred in NYC during the
2003 blackout. This study may be the first epidemio-
logic study investigating the direct health effects of
electrical power outages. To improve the design of an
ecological study, we used individual-level demographic
data and several strategies in controlling for time-vary-
ing confounders and selecting appropriate reference
periods for comparison. For instance, the use of the
summer days in the past 14 years and excluding the days
with temperatures at the higher and lowest quartiles
as the reference minimized the confounding effects of
season, long-term trends, annual temperature/air pol-
lution fluctuation, and extreme temperature outliers.
Our use of population-based admission and mortality
data with multiple outcomes (mortality and several
morbidity diagnoses) and two reference time periods
(normal summer days and comparably hot days to
separate the effects of blackout from high temperature
only) demonstrates the unique characteristics of this
event and its potential health impact.

Limitations

Our study was limited to some extent, however, by the
lack of individual-level or activity pattern information
regarding the circumstances of hospitalization. For
instance, we did not know where people were or what
they were doing when they began having symptoms
or whether they were accustomed to the use of air
conditioning prior to the blackout. Such information

would have allowed us to draw conclusions about the
factors related to the blackout that were most respon-
sible for triggering hospital admissions. Similarly, while
we did not have information on people’s preexisting
conditions, it is tempting to speculate that people
with preexisting respiratory disorders would be more
susceptible to exacerbations during the conditions
associated with a power outage.

As the current study design is an ecological study,
which cannot illustrate the antecedent consequence
effect, it is possible that the increase in respiratory
admissions the day following the blackout was due to
simple accumulation. However, we found that hospital
admissions due to respiratory diseases and mortality
significantly increased on both days of the blackout
(August 14 and 15, 2003). These increases were the
highest peaks of the entire summer without following
secondary peaks. Additionally, unlike clinic visits, hospi-
tal admissions are very severe, and those cases may not
be able to wait another one or two days. Therefore, it
is less likely that the increased admissions we observed
in this study were due to accumulation.

CONCLUSIONS

The results of this study suggest that power outages
can pose a public health threat requiring prepared-
ness planning. While an individual blackout cannot
be anticipated, it is thought by experts in the power
generation field that blackouts are an ever-present
risk given that much of the nation’s transmission grid
is quite aged and there have been multiple smaller
blackouts in summer and in winter snowstorms.! Traffic
authorities and public health officials need to be aware
of the increased risk of respiratory disease and mortal-
ity, as well as the unique demographic composition of
the potential cases. Hospitals need to anticipate surges
in admissions. Future studies should focus on identify-
ing the individual characteristics and circumstances
linked to the increased risk of hospital admissions to
plan emergency responses to a blackout.
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