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ABSTRACT
Objective: We aimed to evaluate the occurrence of work-related injuries after Hurricane Sandy potentially
related to response and recovery.

Methods: Emergency and hospital discharges (patients aged 18-65 years) with a diagnosis of
unintentional injury were obtained from the New Jersey Department of Health. Work-related injuries
were identified as those with a workers’ compensation payer or other work-related codes. Counties were
categorized as high-, medium-, or low-impact areas. Poisson regression analysis was used to compare
the rate of work-related injury the year following Sandy landfall with the 3 previous years.

Results: Total work-related injuries declined the week immediately after Sandy (rate ratio [RR]: 0.85; 95%
confidence interval [CI]: 0.69-1.05) and no overall increase was found in the year after Hurricane
Sandy. However, high-impact counties showed an elevated risk of work-related injuries in the first and
third quarters after Hurricane Sandy among men, especially for blacks and Hispanics. The greatest
excesses occurred in the third quarter after the storm, May to July, for falls (RR: 1.30; 95%
CI: 1.08-1.57), cut/pierce injuries (RR: 1.24; 95% CI: 1.09-1.40), struck-by injuries (RR: 1.17; 95%
CI: 1.02-1.34), and overexertion (RR: 1.26; 95% CI: 1.10-1.44).

Conclusions: Hospital data suggested an increase in injuries associated with rebuilding and recovery rather
than with initial response. Future efforts aimed at prevention should evaluate the mechanisms and
circumstances of injury in more detail. (Disaster Med Public Health Preparedness. 2016;10:394-404)
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Hurricane Sandy was distinct in its size and
scope of impact in New Jersey. The state’s
infrastructure, including a major highway

along the shore and the mass transit system serving
the New Jersey–New York metro region, was severely
damaged.1 The US Department of Commerce esti-
mated that the 10 hardest hit counties in New Jersey
(those closest to the main coastal and riverfront areas)
included almost 6 million residents and 41% of the
New Jersey labor force.2 The damage and disruption
required the mobilization of a diverse array of workers
for response, recovery, and rebuilding.

Previous research has outlined the occupational health
risks of extreme weather events such as Hurricane
Sandy. Shulte and Chun3 described possible hazardous
working conditions resulting from extreme weather
events such as hurricanes. Examples such as flood
cleanup (biological agents, broken glass), exposure to
electrical hazards (downed power lines), and working
despite disruption of infrastructure (motor vehicle
accidents) are most relevant to Hurricane Sandy.
Potential health outcomes include injury, communic-
able disease, and other illnesses. Workers performing

tasks such as restoring electrical power and demolishing
damaged buildings can be inherently at high risk of
injury, while other workers might put themselves at
unusual risk when asked to extend hours, take on new
roles, and work in physically demanding conditions
without power. In addition, while there might be risk to
both the general and working population soon after the
event, workers could continue to be at higher risk
because of the longer time frame for recovery and
rebuilding. Despite the occupational health risks
associated with hurricanes, there has been little com-
prehensive accounting of work-related injuries among
workers in the wake of a major hurricane. Existing data
from the United States come from experience with
Hurricane Katrina, particularly among employees such
as firefighters.3-5 Public health efforts have also relied on
reporting of work-related fatalities using multiple sour-
ces. For example, the New Jersey Department of Health
(NJDOH) identified work-related fatalities directly
associated with Hurricane Sandy in New Jersey, such as
tree care workers. The Centers for Disease Control and
Prevention also reported on injuries immediately after
Hurricane Sandy, but did not separate injuries incurred
during work from other injuries.6
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The purpose of this study was to use previously collected
injury data to evaluate the impact of Hurricane Sandy on the
number, type, location, and extent of work-related injuries
before and after Hurricane Sandy. By understanding these
outcomes, we hope to prevent injuries related to extreme
weather events and to improve surveillance methods.

METHODS
Data Sources and Classifications
The New Jersey Discharge Data Collection System,
maintained by the NJDOH, was used to obtain universal
billing data, which is composed of emergency department and
hospital discharge records, for injuries from 2009 to 2013.
Emergency department and hospital discharge data were
extracted from the universal billing file if the primary or
secondary medical diagnosis fields within the record indicated
an unintentional injury utilizing International Classification of
Diseases, 9th revision, Clinical Modification (ICD-9-CM) codes.
Based upon the State and Territorial Injury Prevention
Directors Association guidelines,7 injury ICD-9 codes utilized
were 800 to 909.29, 909.4, 909.9, 910 to 994.99, 995.5 to
995.59, or 995.80 to 995.85. We excluded records with
external causes of injury and poisoning codes (E codes)
starting with E95, E96, E97, or E98 because these are con-
sidered intentional and this analysis focused on unintentional
injuries. We included inpatient and emergency department
visits for patients aged 18 to 65 years at the time of injury to
focus on those who were most likely to be working. To
evaluate the effect of Hurricane Sandy on work-
related injuries, we utilized surveillance definitions of
work-relatedness, applied to all injuries, and then compared
the number and characteristics of the possible work-related
injuries identified before and after Hurricane Sandy. Hospital
visits were considered work-related if the primary payer was
workers’ compensation insurance plans or if diagnosis, V, or
E codes suggested a work location or work-related visit. The
workers’ compensation insurance provider codes were based
on the guidelines from the NJDOH.8 Hospitalization records
with E codes 849.3 (denotes that the injury occurred at an
industrial place or premise) and 846.N (accidents involving
powered vehicles used solely within the buildings and pre-
mises of industrial or commercial establishment) or diagnosis
codes V62.1 (adverse effects of work environment) and
V71.3 (observation following accident at work) were also
considered possible work-related injuries based on guidelines
from the Massachusetts Department of Health.9 To evaluate
the completeness of reporting of work-related injuries, we also
assessed the distribution and characteristics of all payers
among those labeled as work-related and all other injuries
(apparently non-work-related) over time.

In order to eliminate multiple hospitalizations for the same
injury, we excluded records from the same patient where the
site and type of injury was the same and the date of
hospitalization was within 30 days of a prior hospitalization.

The site and type of injury was determined by utilizing the
Barell matrix.10 We linked hospitalization records based on
patient name, date of birth, and home address by using The
Link King software program (http://www.the-link-king.com).
The final analysis dataset focused on initial injury hospitali-
zations and emergency department visits from October 29,
2009, through October 28, 2013.

The race and ethnicity variables were classified into Hispanic,
non-Hispanic white, non-Hispanic black, Asian/other race,
and unknown. Asian/other race included all Asian/Pacific
Islander categories, all Native American categories, and those
labeled as multiracial or other race. Unknown included
unknown/unavailable and declined to answer. External causes
of injuries based on ICD-9 codes were classified into the
following categories: motor vehicle, falls, cut/pierce, struck
by/against, overexertion, poisoning, machinery, natural/
environmental, other, and missing. The Barell injury diagnosis
based on ICD-9 codes were classified into fractures, disloca-
tion, sprain/strains, internal organ, open wounds, amputations,
blood vessels, superficial/contusion, crushing, burns, nerves,
unspecified, system-wide/late effects, and others.

We designated certain areas of New Jersey to be highly,
moderately, or minimally impacted by Hurricane Sandy on the
basis of the county of each hospital to provide a general
measure of the overall impact of the storm geographically. The
relative impact of the storm on each New Jersey county was
based on estimates by Hoopes-Halpin,11 who utilized data from
several federal and state sources. A “community hardship
index” was developed that was based on power loss; residential,
commercial, and municipal damage; emergency shelters
established; and gasoline shortages. Raw scores for each
measure were converted to standardized z-scores on the basis of
state-wide averages and were weighted on the basis of a specific
formula, and residential and commercial taxes were utilized to
account for differing county compositions. New Jersey counties
were grouped into quintiles on the basis of impact scores. For
this analysis, we defined the high-impact area as those counties
in the state with an index in the upper 2 quintiles. The high-
impact area encompassed 8 counties and a population of about
3.5 million people. The moderate-impact area encompassed
8 counties and a population of about 3.6 million people. The
remaining 6 counties, with a population of about 1.5 million
people, were considered the low-impact area. Because we did
not have data on where traumatic injuries actually occurred
and because patients may have traveled away from home for
work, the location of the hospital where the injury was treated
was used to define the impact area.

Employment Data Source
The employment data for all years in New Jersey were
extracted from the Quarterly Census of Employment and
Wages (QCEW: http://www.bls.gov/data/). We utilized the
QCEW quarterly counts of employment and wages at the
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county level, which is a count of the filled jobs, whether
full-time or part-time, temporary or permanent. One
limitation of the QCEW is that multi-job holders will count
more than once and part-time job holders will count as one.
However, this census provides estimates by county, allowing
us to estimate the employment denominator for each
Hurricane Sandy impact area. Because estimates by sex were
only available for the entire state, we assumed that the sex
distribution of employees was consistent throughout the state.
Analysis of census data on employed adults supported this
assumption.

Statistical Analysis
Descriptive and Poisson regression analyses were used to
evaluate the short-term and long-term impact of Hurricane
Sandy. All analyses utilized the date of visit to the emergency
department or date of admission for those admitted directly as
inpatients and descriptive variables from the first record for an
individual. Descriptive variables included age, sex, race,
ethnicity, state of residence (New Jersey, other), and dis-
charge status (death, inpatient, released from emergency
department). To evaluate the short-term impact of Hurricane
Sandy, we calculated and compared the weekly count of
work-related injuries in the weeks before and after Hurricane
Sandy arrived. Specifically, we compared the Hurricane
Sandy week (the week beginning with the day of landfall,
October 29 to November 4, 2012), with each of 3 subsequent
weeks (November 5-11, November 12-17, November 18-24,
2012), and with the average of 4 weeks prior to Hurricane
Sandy (October 2-28, 2012). Moreover, we also compared
weekly incidence from October 2 to November 24 in 2012
with the incidence of the same week averaged over previous
years to account for possible seasonal variation. For the long-
term impact of Hurricane Sandy, we divided the study period
into quarters (Oct 29-Jan 28, Jan 29-Apr 28, Apr 29-Jul 28,
Jul 29-Oct 28) for each year beginning from October 29,
2009, to October 28, 2013. Incidence in each quarter of the
Hurricane Sandy year (October 29, 2012, to October 28,
2013) was compared with the average of the same quarter in
previous years. This helped to control for the substantial
seasonal variation in work-related injuries throughout the
time frame of the study. In assessing the short-term and
long-term impact, descriptive and Poisson regression analysis
were performed to assess the effects of age, sex, impact area,
race/ethnicity, mechanism/cause, and diagnosis on the risk of
injury. Rate ratios (RRs) of work-related injuries were
calculated by using linear contrasts in Poisson regression
analysis with weekly incidence as the dependent variable. In
the short-term impact analysis, we included weeks, years, and
weeks-by-years interaction as the independent variables. In
the long-term impact analysis, we included quarters, years,
and quarters-by-years interaction as the independent vari-
ables. If the quarterly count of injuries in a specific subgroup
was less than 50, we used monthly (rather than weekly)
incidence as the dependent variable to avoid multiple

zero-weekly injuries in the long-term impact analysis. Weeks,
quarters, and years were all included as categorical variables
in these statistical models. Statistical inference was based
on the quasi-likelihood approach to account for the
over-dispersion and was carried out by using the GENMOD
procedure in SAS V9.3 (SAS Corporation, Cary, NC).

Further descriptive analyses were performed to evaluate more
detailed characteristics of those with missing or other race/
ethnicity categories, missing location codes, and potential
work-related cases not identified as occurring at work. This
study was approved by the Rutgers Biomedical and Health
Sciences and the NJDOH institutional review boards.

RESULTS
Table 1 shows the distribution and characteristics of the
mean number of injuries by quarter during the 3 years prior to
Hurricane Sandy as well as the 4 quarters after Hurricane
Sandy, beginning with October 29, 2012. Based on our
definition, work-related injuries constituted 8% to 9% of the
total injuries in this age group, with small increases in the
percentage of work-related injuries after Hurricane Sandy
compared with before. The vast majority of the hospital visits
were for patients admitted to the emergency department
(96% to 97% of work-related injuries) and then released
home (data not shown). There were few deaths recorded: for
each quarter, there were about 1 to 4 work-related deaths
with no discernible change over time (data not shown). On
the basis of the residence reported by hospitals, residents
outside New Jersey made up a small percentage (6%) of the
patients treated for work-related injuries in 2009-2013 and
that proportion did not change over time. Table 1 also shows
the distribution of counts of work-related injuries by sex, race/
ethnicity, mechanism/cause, and diagnostic group. Because of
small numbers in each cell, the regression analysis did not
include discharge status or state of residence in the compu-
tation of rate ratios.

The first set of analyses focused on the immediate impact of
Hurricane Sandy (Table 1). Figure 1 shows the number of
work-related injuries reported by all New Jersey hospitals
immediately in the 4 weeks before and after the hurricane’s
landfall on October 29, 2012. The first week, when many
New Jersey residents were not at work because of power loss
and disruption of transportation, showed a decline from the
previous several weeks and in comparison with the previous
3 years. Exactly 1 year before Hurricane Sandy (2011),
another unusual weather event (an early snowstorm) was
associated with a short-term increase in work-related injuries.
After the hurricane, the number of work-related injuries
returned to approximately the same number as in previous
years, with a decline at the end of November (Thanksgiving
holiday). Because there were no statistically significant
differences in the count of injuries in the same 4 calendar
weeks before Hurricane Sandy (2009–2012) (P = 0.9972),
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we compared these 16 weeks before Hurricane Sandy to the
first week after Hurricane Sandy (2012). The result showed
that the number of work-related injuries in the first week after
the hurricane was 0.85 (95% confidence interval [CI]: 0.69-
1.05) times the number of injuries in the previous 4 weeks,
based on the mean over the previous 4 years. When we
looked at change over the other 3 years (2009, 2010, 2011),
the results showed an increase only for the number of

work-related injuries in 2011 for that late October week
(RR: 1.10; 95% CI: 0.92-1.33).

Over a longer time frame, Table 1 and Figure 2 show the
monthly count of work-related injuries from October 29,
2009, to October 28, 2013, along with total employment and
the rate of work-related injuries based on employment. There
were clear seasonal fluctuations in work-related injuries,

TABLE 1
Characteristics of Patients with Hospital Visits for Work-Related Unintentional Injuries During the Year After Hurricane
Sandy and the Same Calendar Periods in the Prior 3 Years in New Jerseya

Oct 29-Jan 28 Jan 29-Apr 28 Apr 29-Jul 28 Jul 29-Oct 28

2009-2012 2012-2013 2010-2012 2013 2010-2012 2013 2010-2012 2013

Mean (SD) Total Mean (SD) Total Mean (SD) Total Mean (SD) Total

All Injuries 100,293 (1278.1) 97,222 99,835 (1710.1) 94,147 123,969 (585.5) 115,979 114,822 (1686.0) 106,878
Work-Related Injuries 8959 (120.8) 8511 8886 (208.1) 8583 10,284 (214.5) 10221 10,036 (308.7) 9477
Age, years

18-30 2599 (79.2) 2599 2632 (51.0) 2552 3392 (59.4) 3366 3152 (80.2) 3089
31-50 4323 (147.3) 3872 4170 (142.7) 3956 4709 (135.5) 4574 4649 (220.9) 4262
51-65 2037 (130.6) 2040 2084 (44.7) 2075 2183 (41.4) 2281 2236 (80.5) 2126

Sex
Female 3142 (119.0) 2903 3091 (159.1) 3017 3334 (35.3) 3280 3272 (41.5) 3173
Male 5817 (20.3) 5608 5795 (61.0) 5566 6951 (184.6) 6941 6764 (289.0) 6304

Impact Area
High 3707 (67.9) 3953 3627 (103.2) 3833 4402 (52.0) 4705 4235 (98.4) 4279
Middle 3337 (164.9) 2889 3330 (115.3) 3042 3736 (242.2) 3545 3709 (319.8) 3249
Low 1913 (57.0) 1666 1926 (68.4) 1708 2145 (9.5) 1967 2090 (32.1) 1948

Race/Ethnicity
Non-Hispanic white 5467 (82.8) 5121 5379 (205.6) 4991 6221 (213.8) 5874 5919 (184.9) 5347
Non-Hispanic black 1301 (54.5) 1245 1296 (49) 1296 1447 (36.6) 1528 1456 (47.2) 1446
Hispanic 1542 (35.2) 1358 1528 (39.6) 1512 1783 (117.6) 1839 1821 (171.2) 1808
Asian/other race 563 (34.1) 687 588 (30.6) 673 716 (102.5) 845 718 (131.9) 778
Unknown 86 (16.1) 100 94 (7.6) 111 117 (12.5) 135 122 (39.2) 98

Mechanism/Cause
Motor vehicle 495 (36.9) 466 428 (19.7) 449 493 (12.5) 453 477 (25.5) 448
Falls 1731 (271.0) 1467 1548 (283.5) 1580 1455 (13.3) 1493 1458 (7.2) 1429
Fire/burn 180 (13.4) 181 178 (2.6) 155 234 (13.8) 250 230 (9.1) 203
Cut/pierce 1270 (94.6) 1271 1326 (45.5) 1245 1668 (54.0) 1776 1637 (31.6) 1643
Struck by/against 1419 (134.2) 1411 1420 (102.2) 1397 1615 (48.2) 1732 1600 (41.6) 1546
Overexertion 897 (83.0) 834 876 (27.8) 899 1029 (48.2) 1110 993 (10.1) 992
Poisoning 41 (6.0) 41 44 (6.6) 40 52 (10.1) 35 51 (8.1) 66
Machinery 224 (7.0) 183 221 (18.8) 226 257 (33.2) 261 242 (38.1) 270
Natural/environmental 120 (2.3) 122 138 (3.5) 122 284 (14.5) 283 240 (2.1) 236
Others 428 (32.6) 455 453 (10.6) 399 527 (28.0) 510 509 (9.5) 517
Missing cause 2155 (321.3) 2077 2255 (103.5) 2071 2671 (82.6) 2318 2599 (234.4) 2127

Primary Diagnosis
Fractures 881 (18.6) 841 820 (44.3) 832 919 (58.2) 902 900 (14.2) 871
Dislocation 88 (8.1) 100 85 (6.6) 91 99 (14.5) 100 85 (10.0) 107
Sprains & strains 2436 (107.0) 2223 2352 (98.6) 2247 2516 (37.7) 2483 2464 (105.4) 2325
Internal organ 155 (6.0) 186 164 (9.6) 201 160 (10.3) 186 169 (26.2) 164
Open wounds 2247 (96.0) 2156 2322 (70.3) 2144 2954 (6.4) 2948 2856 (67.1) 2691
Amputations 48 (5.13) 41 37 (2.6) 53 44 (3.8) 62 49 (17.7) 56
Blood vessels 3 (0.7) 1 2 (1.0) 2 4 (1.2) 2 2 (0.7) 0
Superficial/contusion 1852 (25.9) 1717 1835 (81.5) 1781 2030 (119.7) 1900 1998 (49.2) 1841
Crushing 106 (7.0) 101 104 (5.9) 94 128 (15.9) 121 122 (27.5) 110
Burns 224 (4.5) 234 233 (17.8) 213 310 (10.1) 325 288 (10.5) 265
Nerves 4 (3.0) 4 2 (0.6) 5 5 (2.5) 4 6 (2.1) 13
System-wide 218 (27.1) 211 235 (20.8) 190 390 (40.0) 379 363 (38.9) 323
Unspecified 699 (52.4) 696 694 (8.5) 730 723 (69.1) 809 735 (81.9) 711

aAbbreviation: SD, standard deviation.
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including increases during the spring/summer and some
evidence of injuries related to winter storms. On the basis of
this plot of hospital data for the entire state of New Jersey, no
general trend was seen of an increase in work-related injuries
after Hurricane Sandy.

Table 2 shows the relative risk of work-related injury, com-
paring the quarterly mean counts before Hurricane Sandy to
the quarters after Hurricane Sandy, for the total state and subset
by characteristics of patients and injuries. There was very little
difference in the rate ratios if we included total employment
(aged 18-65 years) in the models because employment
remained essentially the same over the time period. Thus, the
regression results for counts are shown. For the entire state of
New Jersey, there was some evidence of an overall reduction in
work-related injuries over time, with little evidence of an
increase in work-related injuries after Hurricane Sandy. In the
high-impact area, overall rate ratios were over 1, though not
statistically significant, and there was an increased risk of
amputations for several time periods after Hurricane Sandy.
Based on further analyses, the consistent increased rate ratio for
the Asian/other race/ethnicity category was primarily due
to the hospitals’ increasing tendency to use categories
such as “other” and “mixed race” over the time frame
of the study, rather than to true changes in the risk for that
category.

Tables 3 and 4 and Figure 3 provide data on the subset of the
working population that, a priori, was considered at the
highest risk of work-related injury due to Hurricane Sandy:
men in the high-impact area of New Jersey. Among this large
subgroup, there were some apparent differences before and
after Hurricane Sandy. Compared to the previous 3 years,
during the quarter immediately after Hurricane Sandy, there
was an overall increase in work-related injuries, with rate
ratios significantly greater than one for non-Hispanic blacks
(RR: 1.18, 95% CI: 1.01-1.38), for the mechanism cut/pierce
injuries (RR: 1.19, 95% CI: 1.09-1.40), and for diagnosis of
open wounds (RR: 1.42, 95% CI: 1.01-1.33). In the third
quarter after Hurricane Sandy (April 29-July 30, 2013), there
were significant increases among non-Hispanic blacks,
Hispanics, and among several specific mechanisms/causes,
including falls, cut/pierce, overexertion, and struck by/
against. There were corresponding but nonsignificant
increases in diagnoses that might be associated with these
mechanisms, including fractures, dislocations, amputations,
and open wounds.

Approximately 90% of injuries identified as work-related in
this analysis had workers’ compensation as the primary payer,
with some decline over time, from 94% in 2009 to 90% in
2013. Among the other 10%, which were identified as
probably work-related based on other E (eg, location) and

FIGURE 1
Number of Work-Related Injuries Reported by all New Jersey Hospitals in the 4 Weeks Before and After Hurricane
Sandy’s Landfall on October 29, 2012.
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V codes, the primary payer showed some changes over time.
Self-pay, commercial insurance, Blue Cross plans, and health
maintenance organizations were the most common
alternatives to workers’ compensation, in that order (data not
shown). Both self-pay and commercial insurance showed
general increases over time, with a spike in the spring and
summer of 2013 for those 2 payers.

A parallel analysis of injuries not classified as work-related,
using the same demographic (aged 18-65 years only),
mechanisms, and diagnostic categories as in Table 1,
did not show any overall increases over time among the entire
state or among men in the high-impact area (data not
shown). Most of the rate ratios comparing non-work-related
injuries before and after Hurricane Sandy by quarter
were less than one, suggesting limited decreases in emergency
department visits for injuries between 2009-2012 and 2013.
Overall, the rate ratios by quarter after Sandy for non-work-
related injuries were (in order) 0.97 (95% CI: 0.87-1.08),
0.92 (95% CI: 0.84-1.05), 0.90 (95% CI: 0.84-1.03),
and 0.93 (95% CI: 0.84-1.03). In contrast, there was
evidence of small increases in cut/pierce injuries among

men in the high-impact area in the first quarter after
Hurricane Sandy (RR = 1.13, 95% CI: 0.91-1.41) and the
third quarter after Hurricane Sandy (RR = 1.01, 95%
CI: 0.84-1.21).

DISCUSSION
Data from New Jersey hospitals did not show a general
increase in work-related injuries in the time period immedi-
ately after Hurricane Sandy in late October 2012, partly
because of power loss and disruption of transportation, as well
as the Thanksgiving holidays. On the basis of data for the
entire state, there was also not a general increase by quarter
for the entire year after the storm. However, we observed an
increase in work-related injuries in the first and third quarter
after Hurricane Sandy (late spring/summer) among men in
the high-impact counties, and accounting for changes in
employment by use of available data did not alter those results
substantially. Because the injury data did not include
employer or industry information, it is not possible to identify
the true circumstances or the specific conditions under which
the increased injuries occurred, such as where falls occurred,

FIGURE 2
Monthly Count of Work-Related Injuries, Total Employment, and Rate of Work-Related Injuries From October 29, 2009, to
October 28, 2013.
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what agents were involved in the cut and pierce injuries, and
what objects struck the patients. The timing of the increase in
injuries (spring-summer), as well as the leading mechanism or
causes, dominance of men, corresponding diagnoses, and
ethnicity (many construction workers are Hispanic) seem to
suggest a role for construction, demolition, or related indus-
tries. Residential construction is particularly hazardous, with a
high rate of fatalities and severe injury.12 Previous work in

New Jersey has shown poor control of hazards in this sector.13

Tree removal is also recognized as presenting substantial
injury risks, including falls, cut/pierce, and struck by
injuries.14 The increase shown here occurred in counties of
the state where the greatest physical damage to buildings and
other infrastructure (roads, boardwalks, etc) occurred,
including those along the ocean and bay shores. Limited
evidence also suggested that patients with injuries during the

TABLE 2
Rate Ratios for Work-Related Unintentional Injuries During the Year After Hurricane Sandy and the Same Calendar
Periods in the Prior 3 Years in New Jerseya

Oct 29-Jan 28 Jan 29-Apr 28 Apr 29-Jul 28 Jul 29-Oct 28

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

Injuries 0.95 (0.87,1.04) 0.98 (0.89,1.07) 1.00 (0.92,1.08) 0.93 (0.85,1.01)
Age, years
18-30 1.00 (0.91,1.11) 0.98 (0.89,1.09) 1.00 (0.92,1.09) 0.96 (0.88,1.05)
31-50 0.90 (0.82,0.99)b 0.96 (0.87,1.05) 0.97 (0.89,1.06) 0.90 (0.82,0.99)b

51-65 1.00 (0.89,1.12) 1.02 (0.91,1.13) 1.04 (0.94,1.16) 0.94 (0.85,1.05)
Sex
Female 0.92 (0.83,1.02) 0.99 (0.90,1.10) 0.98 (0.90,1.08) 0.96 (0.87,1.05)
Male 0.97 (0.88,1.07) 0.97 (0.88,1.07) 1.00 (0.92,1.09) 0.92 (0.84,1.00)

Impact Area
High 1.07 (0.97,1.18) 1.07 (0.97,1.18) 1.07 (0.98,1.17) 0.99 (0.91,1.09)
Middle 0.87 (0.79,0.95)c 0.92 (0.84,1.01) 0.95 (0.87,1.04) 0.87 (0.79,0.95)
Low 0.87 (0.78,0.98)b 0.90 (0.81,1.00) 0.92 (0.83,1.02) 0.92 (0.83,1.02)

Race/Ethnicity
Non-Hispanic white 0.94 (0.85,1.04) 0.94 (0.85,1.03) 0.95 (0.87,1.04) 0.89 (0.81,0.98)b

Non-Hispanic black 0.96 (0.86,1.07) 1.02 (0.91,1.13) 1.06 (0.96,1.17) 0.98 (0.89,1.08)
Hispanic 0.88 (0.79,0.99)b 1.00 (0.90,1.12) 1.03 (0.94,1.14) 0.98 (0.89,1.08)
Asian/other race 1.21 (1.06,1.38)c 1.18 (1.04,1.34)b 1.19 (1.06,1.33)c 1.08 (0.96,1.22)
Unknown 1.20 (0.93,1.56) 1.17 (0.92,1.49) 1.17 (0.94,1.46) 0.81 (0.63,1.04)

Mechanism/Cause
Motor vehicle 0.96 (0.83,1.12) 1.04 (0.90,1.22) 0.92 (0.79,1.06) 0.93 (0.80,1.08)
Falls 0.84 (0.71,1.01) 1.04 (0.88,1.24) 1.03 (0.86,1.23) 0.97 (0.81,1.16)
Fire/burn 1.02 (0.82,1.27) 0.87 (0.70,1.10) 1.08 (0.90,1.29) 0.87 (0.71,1.06)
Cut/pierce 1.00 (0.89,1.13) 0.96 (0.85,1.08) 1.07 (0.97,1.19) 0.98 (0.89,1.09)
Struck by/against 1.01 (0.90,1.12) 0.99 (0.89,1.10) 1.08 (0.98,1.19) 0.95 (0.86,1.05)
Overexertion 0.93 (0.83,1.05) 1.04 (0.93,1.16) 1.08 (0.98,1.19) 0.99 (0.89,1.09)
Poisoning 1.09 (0.76,1.55) 0.87 (0.61,1.24) 0.68 (0.47,0.98)b 1.29 (0.97,1.72)
Machinery 0.83 (0.69,1.00)b 1.03 (0.87,1.22) 1.02 (0.87,1.20) 1.10 (0.94,1.29)
Natural/environmental 1.02 (0.71,1.46) 0.90 (0.63,1.28) 1.00 (0.79,1.27) 0.97 (0.75,1.25)
Others 1.07 (0.94,1.22) 0.90 (0.79,1.02) 0.97 (0.86,1.09) 1.00 (0.89,1.13)
Missing cause 0.97 (0.87,1.08) 0.93 (0.84,1.04) 0.87 (0.79,0.95)c 0.81 (0.73,0.90)c

Primary Diagnosis
Fractures 0.95 (0.83,1.09) 1.03 (0.90,1.17) 0.99 (0.87,1.12) 0.96 (0.84,1.09)
Dislocation 1.12 (0.88,1.43) 1.09 (0.86,1.39) 1.02 (0.81,1.28) 1.34 (1.06,1.69)b

Sprains & strains 0.92 (0.83,1.02) 0.97 (0.87,1.07) 0.99 (0.90,1.09) 0.93 (0.84,1.03)
Internal organ 1.20 (0.98,1.46) 1.25 (1.04,1.51)b 1.16 (0.96,1.42) 0.94 (0.77,1.16)
Open wounds 0.96 (0.86,1.08) 0.94 (0.84,1.04) 1.00 (0.91,1.10) 0.92 (0.84,1.02)
Amputations 0.85 (0.59,1.21) 1.44 (1.04,1.98)b 1.42 (1.05,1.93)c 1.20 (0.88,1.64)
Superficial/contusion 0.93 (0.84,1.03) 0.98 (0.89,1.09) 0.94 (0.85,1.03) 0.91 (0.82,1.01)
Crushing 0.97 (0.77,1.22) 0.91 (0.72,1.14) 0.95 (0.78,1.17) 0.91 (0.74,1.13)
Burns 1.04 (0.90,1.21) 0.93 (0.80,1.09) 1.06 (0.93,1.20) 0.90 (0.79,1.03)
Nerves 0.81 (0.52,1.27) 1.67 (1.07,2.60)b 0.84 (0.57,1.26) 1.25 (0.96,1.61)
System-wide 0.99 (0.73,1.34) 0.82 (0.60,1.11) 0.98 (0.78,1.23) 0.88 (0.69,1.12)
Unspecified 1.00 (0.88,1.14) 1.07 (0.94,1.21) 1.11 (0.99,1.26) 0.96 (0.84,1.09)

aAbbreviations: CI, confidence interval; RR, rate ratio.
bP value <0.05.
cP value <0.01.
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third quarter were more likely to have an expected
payer other than workers’ compensation compared to the
previous years. Day laborers and other construction workers
are less likely to have workers’ compensation coverage than
are other workers.15

In contrast, there was little evidence of an increase in injuries
soon after Hurricane Sandy. Short-term changes in employ-
ment are not generally reflected in monthly employment data
and it is not possible to enumerate or characterize those who
were actually working compared with those who were just not
working temporarily. Given the number of businesses without

power and the substantial disruption in transportation, the
lack of an immediate increase might have been influenced by
the overall reduction in the number of individuals actually
attending their jobs, because many New Jersey residents
stayed close to home for several weeks.

There are some inherent limitations in using hospital-based
data to evaluate work-related injuries over time. Defining
injuries as work-related based primarily on workers’
compensation as the expected payer underestimates the
number of work-related injuries. Previous work has compared
more than one source of injury data (eg, hospital billing,

TABLE 3
Characteristics of Male Patients in the High-Impact Area of New Jersey With Hospital Visits for Work-Related
Unintentional Injuries During the Year After Hurricane Sandy and the Same Calendar Periods in the Prior 3 Years
in New Jerseya

Oct 29-Jan 28 Jan 29-Apr 28 Apr 29-Jul 28 Jul 29-Oct 28

2009-2012 2012-2013 2010-2012 2013 2010-2012 2013 2010-2012 2013

Mean (SD) Total Mean (SD) Total Mean (SD) Total Mean (SD) Total

Work-Related Injuries 2454 (99.1) 2678 2415 (51.7) 2526 3011 (71.9) 3276 2890 (81.2) 2876
Age
18-30 744 (40.2) 837 747 (7) 784 1039 (25.8) 1144 963 (45.0) 1019
31-50 1199 (51.9) 1277 1157 (26.3) 1204 1418 (46.3) 1495 1360 (47.8) 1304
51-65 510 (70.7) 564 510 (22.1) 538 554 (24.9) 637 567 (39.3) 553

Race/Ethnicity
Non-Hispanic white 1631 (70.5) 1727 1572 (73) 1563 1964 (31.3) 2040 1825 (5.0) 1754
Non-Hispanic black 208 (13.3) 250 236 (26.9) 283 270 (27.8) 317 278 (51.4) 267
Hispanic 479 (28.5) 477 462 (41.3) 478 568 (37.0) 669 583 (80.6) 629
Asian/other race 125 (15.4) 216 134 (23.4) 190 199 (66.1) 239 193 (60.9) 218
Unknown 10 (1.2) 8 10 (1.5) 12 9 (4.6) 11 11 (1.0) 8

Mechanism/Cause
Motor vehicle 161 (13.1) 171 123 (12.3) 149 168 (20.5) 172 162 (4.9) 166
Falls 430 (55.3) 435 369 (68.5) 447 345 (55.8) 440 367 (33.5) 413
Fire/burn 51 (9.7) 54 58 (8.1) 47 72 (3.5) 86 69 (2.1) 56
Cut/pierce 441 (67) 519 432 (30.3) 466 637 (33.3) 783 605 (69.5) 680
Struck by/against 483 (96.7) 527 466 (45.4) 483 557 (43.0) 644 532 (39.5) 551
Overexertion 305 (56.1) 310 294 (24.5) 325 365 (33.7) 458 320 (23.5) 357
Poisoning 12 (2.9) 11 11 (3.5) 5 14 (3.0) 8 13 (3.2) 14
Machinery 82 (3.5) 76 76 (3.8) 93 96 (6.0) 99 90 (8.1) 112
Natural/environmental 23 (8.4) 31 35 (2.5) 23 91 (12.7) 91 73 (4.9) 86
Others 125 (27.1) 171 124 (13.2) 125 159 (32.2) 172 148 (20.1) 165
Missing cause 340 (180.5) 373 427 (63.2) 363 506 (157.5) 323 510 (144.4) 276

Primary Diagnosis
Fractures 265 (10.2) 310 245 (8.7) 245 278 (17.4) 312 271 (12.3) 266
Dislocation 28 (2.1) 39 31 (3.0) 31 33 (5.6) 40 29 (8.3) 50
Sprains & strains 640 (6.5) 654 612 (19.2) 638 704 (11.4) 750 653 (7.4) 612
Internal organ 37 (7) 39 42 (2.3) 49 41 (5.0) 41 40 (9.8) 45
Open wounds 681 (41.8) 784 697 (36.1) 726 987 (23.1) 1093 946 (39) 969
Amputations 19 (2.5) 18 9 (1.5) 20 16 (1.7) 22 19 (3.8) 16
Blood vessels 2 (0.7) 1 1 (0.0) 2 (1.2) 1 2 (0.0)
Superficial/contusion 447 (51.5) 453 442 (14.0) 473 511 (30.0) 524 513 (17.6) 493
Crushing 30 (1.2) 36 34 (4.0) 25 38 (6.7) 35 34 (11.0) 30
Burns 54 (2.5) 62 59 (4.0) 55 83 (4.5) 98 78 (4.6) 56
Nerves 2 (1.4) 1 1 (0.0) 2 (0.0) 2 2 (0.7) 6
System-wide 67 (10.4) 81 78 (12.1) 59 118 (10) 129 112 (16.8) 131
Unspecified 183 (12.3) 200 167 (3.1) 205 197 (31.2) 229 194 (30.7) 202

aAbbreviation: SD, standard deviation.
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workers’ compensation, trauma registry data).9,16 Such studies
suggest that a substantial proportion of work-related injuries
seen in emergency rooms are not submitted for workers’
compensation. One analysis based on specially collected data
from 2007 showed that 46% of self-reported work-related
injuries occurring among New Jersey residents did not have
financial support from workers’ compensation.17 National and
other state-based data suggest that the proportion of nonfatal
work-related injuries supported by workers’ compensation has
been declining over time.18,19 Because most of the injuries
evaluated in this study had workers’ compensation listed as
the expected payer, the data as presented are likely to be
missing at least 25% to 30% of work-related injuries. This is
especially true for those occurring among small employers and
immigrant workers, because they are less likely to have

workers’ compensation coverage, and hospital sources are
likely to misclassify work-related injuries in these groups into
other categories and payers.

It is difficult to assess the impact of limitations in workers’
compensation and employment statistics on the analysis of
changes in work-related injury possibly due to Hurricane
Sandy. On the basis of standard employment data, the
number of jobs in New Jersey was relatively stable over the
time period of this study. Thus, increases in employees for
disaster response or decreases because of storm damage may
not be easily captured by those data. We also do not know
whether jobs created or expanded in the wake of a hurricane
are more or less likely to be covered by workers’ compensation
than are typical jobs. Analysis of the much larger group of

TABLE 4
Rate Ratios for Male Patients in the High-Impact Area of New Jersey With Hospital Visits for Work-Related Unintentional
Injuries During the Year After Hurricane Sandy and the Same Calendar Periods in the Prior 3 Yearsa

Oct 29-Jan 28 Jan 29-Apr 28 Apr 29-Jul 28 Jul 29-Oct 28

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

Injuries 1.10 (1.00,1.22) 1.05 (0.95,1.17) 1.09 (1.00,1.19) 0.98 (0.89,1.08)
Age
18-30 1.14 (1.00,1.29) 1.06 (0.93,1.20) 1.11 (0.99,1.24) 1.04 (0.93,1.17)
31-50 1.08 (0.97,1.21) 1.04 (0.93,1.16) 1.06 (0.96,1.17) 0.94 (0.85,1.05)
51-65 1.11 (0.98,1.26) 1.08 (0.95,1.23) 1.15 (1.02,1.29)b 0.96 (0.85,1.09)

Race/Ethnicity
Non-Hispanic white 1.07 (0.96,1.19) 1.00 (0.90,1.12) 1.04 (0.95,1.15) 0.95 (0.85,1.05)
Non-Hispanic black 1.21 (1.01,1.43)b 1.21 (1.03,1.42)b 1.18 (1.01,1.38)b 0.96 (0.82,1.13)
Hispanic 1.01 (0.88,1.16) 1.04 (0.91,1.20) 1.19 (1.05,1.34)c 1.06 (0.94,1.20)
Asian/other race 1.74 (1.45,2.10)c 1.45 (1.20,1.76)c 1.25 (1.06,1.48)c 1.12 (0.94,1.33)
Unknown 0.80 (0.37,1.75) 1.13 (0.58,2.19) 1.46 (0.69,3.08) 0.71 (0.33,1.53)

Mechanism/Cause
Motor vehicle 1.08 (0.87,1.34) 1.21 (0.96,1.52) 1.02 (0.83,1.26) 1.01 (0.81,1.25)
Falls 1.02 (0.84,1.23) 1.22 (1.02,1.47) 1.30 (1.08,1.57)c 1.11 (0.92,1.35)
Fire/burn 1.07 (0.79,1.46) 0.83 (0.60,1.13) 1.16 (0.91,1.48) 0.79 (0.59,1.06)
Cut/pierce 1.19 (1.02,1.39)b 1.10 (0.94,1.28) 1.24 (1.09,1.40)c 1.11 (0.97,1.26)
Struck by/against 1.12 (0.97,1.30) 1.04 (0.89,1.21) 1.17 (1.02,1.34)b 1.02 (0.88,1.17)
Overexertion 1.03 (0.88,1.21) 1.12 (0.96,1.31) 1.26 (1.10,1.44)c 1.10 (0.95,1.28)
Poisoning 0.98 (0.50,1.94) 0.48 (0.18,1.23) 0.58 (0.27,1.24) 1.07 (0.58,1.97)
Machinery 0.92 (0.70,1.21) 1.19 (0.92,1.53) 1.05 (0.82,1.34) 1.30 (1.03,1.65)b

Natural/environmental 1.20 (0.70,2.05) 0.66 (0.38,1.17) 1.02 (0.76,1.37) 1.23 (0.90,1.68)
Others 1.43 (1.17,1.73)c 1.00 (0.80,1.24) 1.10 (0.91,1.33) 1.10 (0.91,1.33)
Missing cause 1.25 (1.06,1.48)c 0.88 (0.75,1.03) 0.66 (0.56,0.77)c 0.55 (0.46,0.65)c

Primary Diagnosis
Fractures 1.18 (1.00,1.39) 1.01 (0.85,1.21) 1.13 (0.96,1.32) 0.97 (0.82,1.15)
Dislocation 1.38 (0.94,2.02) 1.00 (0.67,1.51) 1.23 (0.85,1.78) 1.77 (1.24,2.51)c

Sprains & strains 1.03 (0.91,1.17) 1.04 (0.92,1.18) 1.07 (0.96,1.21) 0.92 (0.81,1.04)
Internal organ 1.08 (0.75,1.57) 1.18 (0.85,1.63) 1.04 (0.73,1.48) 1.10 (0.78,1.55)
Open wounds 1.16 (1.01,1.33)b 1.06 (0.92,1.21) 1.11 (0.99,1.25) 1.01 (0.89,1.13)
Amputations 0.93 (0.54,1.61) 2.18 (1.24,3.83)c 1.38 (0.83,2.29) 0.84 (0.48,1.46)
Superficial/contusion 1.03 (0.89,1.19) 1.07 (0.93,1.24) 1.03 (0.90,1.18) 0.95 (0.83,1.09)
Crushing 1.18 (0.80,1.75) 0.77 (0.50,1.18) 0.92 (0.63,1.35) 0.92 (0.61,1.38)
Burns 1.18 (0.86,1.62) 0.93 (0.68,1.27) 1.17 (0.91,1.49) 0.74 (0.55,1.01)
System-wide 1.21 (0.87,1.69) 0.80 (0.56,1.15) 1.09 (0.84,1.41) 1.17 (0.90,1.51)
Unspecified 1.11 (0.92,1.34) 1.23 (1.02,1.48)c 1.17 (0.98,1.40) 1.04 (0.86,1.25)

aAbbreviations: CI, confidence interval; RR, rate ratio.
bP value <0.05.
cP value <0.01.
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general injuries could not distinguish a corresponding
increase in injuries that were treated but not identified as
work-related. If contingent and immigrant workers are at
especially high risk of work-related injury after a hurricane,
then the relative risks shown in this study may underestimate
the effects of Hurricane Sandy. Future studies should try to
identify more complete data sources.

Emergency department billing records do not have sufficient
information in the coded records to describe injuries in detail.
There is insufficient description to identify preventive strategies
and no way to distinguish injuries likely to be directly related to
the hurricane (eg, flooding, tree removal, or demolition injuries)
from other injuries occurring because of more typical working
conditions. Most billing records do not record the location where
the injury occurred, either by type (eg, building, street, factory) or
actual location. Although ICD-9 E codes for type of location do
exist, most of those were missing in the data available for 2009-
2013 for New Jersey. Because the actual geographic location of
the injury (eg, municipality or address) is unknown, we utilized
hospital county as a proxy, but the distance from the site of injury
to the hospital could vary substantially. Depending on the type of

injury, payment circumstances, and the conditions of transpor-
tation (traffic, closed roads, etc), the patient might not have
arrived or been transported to a hospital within the same county.
After Hurricane Sandy, there was some concern about residents
from outside New Jersey coming in temporarily to work in
high-risk jobs, based on anecdotal reports and experience with
Hurricane Katrina.20 We did not see any increase in work-related
injuries reported for nonresidents of New Jersey, although it is
difficult to know how hospitals classified residents who were
staying in New Jersey temporarily just for work.

CONCLUSION
In sum, analysis of work-related injuries after Hurricane
Sandy showed that there were increases in injuries occurring
in the spring and summer months in communities heavily
impacted by the storm. There was no overall increase
immediately after the hurricane, although the results are
insufficient to differentiate possible competing pressures:
increased risk of certain injuries because of the storm and
decreased risk of more typical injuries because of disruption in
electrical power, everyday infrastructure, and transportation.

FIGURE 3
Monthly Count of Work-Related Injuries, Employment Among Men in the High-Impact Area of New Jersey, and Rate of
Work-Related Injuries Among High-Impact Males From October 29, 2009, to October 28, 2013.
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There is some evidence to suggest that risky activities
associated with cleanup, demolition, and rebuilding may
have resulted in an increase in the number of work-related
injuries in New Jersey after Hurricane Sandy. Further
research is needed to describe those risks in detail, improve
the completeness of reporting, and develop strategies for
preventing future injuries related to extreme weather events.
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