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Abstract

Background:  Natural disasters, including earthquakes, tsunamis, tornadoes, and hurricanes, are traumatic events that simultaneously affect 
the lives of many people. Although much is known about the effects that natural disasters have on mental health, little is known about how 
natural disasters affect physical health. These analyses add to the literature by examining the ways in which four types of disaster exposure 
(geographic, peri-traumatic stress, personal and property loss, and poststorm hardship) experienced by older people during and after Hurricane 
Sandy affected functional limitations.
Methods:  We analyzed five waves of data from the ORANJ BOWL panel (“Ongoing Research on Aging in New Jersey: Bettering Opportunities 
for Wellness in Life”) using multilevel mixed-effects models.
Results:  We found that although peri-traumatic stress and poststorm hardship each had independent effects on functional limitations, the 
effects of peri-traumatic stress dominated and were evident 6 years after the hurricane. Geographic exposure and personal/property loss were 
not associated with functional limitations.
Conclusions:  These findings add important information to what is known about older people who experience a natural disaster and suggest 
opportunities for intervention. Finding that an individual’s emotional response during the disaster plays an important role in the development 
of functional limitations suggests that reduction of exposure to traumatic stress during a storm (ie, evacuation from a storm area) may be 
important for older people. Likewise, interventions immediately after a disaster that target older people who experience high levels of peri-
traumatic distress may be needed in order to alleviate functional limitations before they develop.
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Between 2008 and 2018, 3,751 natural disasters struck worldwide 
(1). Together these disasters, 84% of which are weather-related, 
wreaked havoc for two billion people and resulted in damages of 
$1,658 billion. Natural disasters, including earthquakes, tsunamis, 
tornadoes, and hurricanes, are traumatic events that simultaneously 
affect the lives of many people. Although older people may not in-
herently be vulnerable to disasters (2), factors associated with aging, 
including reduced mobility and chronic health conditions, have the 
potential to increase the likelihood that disasters will have harmful 
effects on older people. In fact, many studies find that older people 
are among those most vulnerable to natural disasters (3–5).

Hurricane Sandy, the largest Atlantic hurricane on record, struck 
the Eastern United States on October 29, 2012, killing 117 people, 
injuring countless others (6), and forcing more than three-quarters 
of a million people to leave their homes (7). The effects of the hurri-
cane, which caused $70 billion dollars in damages (8), were exacer-
bated by an unseasonably early snowstorm and frigid temperatures 
that left over eight million people without power for weeks (9). In 
New Jersey mortality rates were particularly high in communities 
most severely affected by the storm; all-cause mortality rates of 
people aged 76 and older increased 10% in the month following the 
hurricane (10).
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Although the effects of disasters on PTSD (11,12) and mental 
health (13–16) are known, few studies have examined the effects of 
disaster on the physical health of older people. Studies that have fo-
cused on health outcomes have design limitations that can affect our 
understanding about disasters’ effects. These include: (i) lack of in-
formation about people prior to the disaster, (ii) reliance on conveni-
ence samples, and (iii) defining disaster exposure as a simple function 
of geographic proximity.

The analyses that follow are based on data from several thousand 
community-dwelling older people in New Jersey who were recruited 
using random-digit dial procedures for a longitudinal panel in 2006. 
Prior to the hurricane, many of these people had participated in up 
to three waves of data collection in which they provided informa-
tion about their physical and mental well-being. As such, a unique 
opportunity to learn about the impact of disaster on older people ex-
isted. Using data collected over 12 years, we examined the effects of 
four different types of disaster exposure (geographic, peri-traumatic 
stress, personal and property loss, and poststorm hardship) on func-
tional limitations, an early marker of disability with strong associ-
ations to morbidity, mortality, and quality of life (17–19).

Disasters and Physical Health

Few studies have examined the effects that natural disasters have 
on physical health of older adults. Not surprisingly, findings vary 
widely, depending on how physical health and disaster exposure are 
measured and the length of time between the disaster and data col-
lection. Prior work has relied on use of the SF-36 following disaster 
exposure without explicit measures of exposure (20) or focused on 
only the 2-week period following a disaster (21). While yielding im-
portant information, these studies which defined exposure as a func-
tion of geographic location, address neither the elements of exposure 
associated with health declines nor the effects that a disaster has on 
dimensions of functioning needed to enable older people to continue 
living in the community.

Disasters and Functional Limitations

Functional limitations are an early marker of disability with strong 
associations to morbidity, mortality, and quality of life (17,22). As 
such, functional limitations may be a more sensitive measure of 
change in health than either physical health or healthcare utilization. 
Chronic conditions, including diabetes (23), cardiovascular disease 
(19), obesity (24), depression (25), cognitive decline (22), and im-
paired pulmonary functioning (26), as well as low levels of physical 
activity, hypertension, and poor lung function (27) are known risks 
for functional limitations, making functional limitations a key health 
outcome.

Prior natural disaster work has found that people experien-
cing high levels of psychological distress after a disaster also had 
the highest risk of incident functional disability (28) 1  year after 
a disaster and disability rates were higher in areas affected by the 
disaster than in nondisaster areas (29). Furthermore, in considering 
long-term effects of disaster on functional ability (3 years later), rates 
of disability in affected regions have been found to remain higher 
than those in nondisaster areas, but the degree of increase in dis-
ability prevalence between the disaster-stricken and nondisaster 
areas shrink each year (30). Additional work on disasters triggered 
by technology failure and terrorist acts also highlight the impact 
that proximity to trauma and experience of PTSD can have on func-
tional limitations (18, 31). In contrast, other scholars, examining the 

association of community-level disaster exposure with individual-
level changes in functional limitations, have found no evidence that 
the presence of a disaster within the previous 2 years was associ-
ated with an increase in functional limitations (32). These findings 
altogether suggest the potential for disasters to affect functional limi-
tations, yet conclusions are limited given studies’ crude indicators 
of disaster exposure, reliance on convenience samples, and lack of 
predisaster information.

Taking advantage of a unique natural experiment using a na-
tional cohort established 7 months prior to the Great Earthquake, 
Tsuboya and colleagues (33) conducted the first study to use 
predisaster individual-level information to examine the impact of 
disaster on functional limitations assessed using a 13-item scale of 
IADLs in community-dwelling adults. They examined the experi-
ences of 3,547 community-dwelling older people who provided data 
7 months before and 3 years after the disaster. Exposure was assessed 
at the individual-level using personal reports of damage. These in-
vestigators found that complete house loss and disrupted internal 
medicine appointments were associated with an increase in func-
tional limitations. Interestingly, loss of family, friends, pets, and car 
as well as disruption of medical services other than internal medicine 
appointments was not associated with functional limitations. The 
powerful effects that the earthquake had on functional limitations 
raises questions about the impact that other natural disasters, such 
as a hurricane, might have and whether the effects of disaster might 
extend even beyond 3 years.

Current Study

The analyses that follow build on prior literature and tie closely to 
Tsuboya and colleagues’s (33) findings by taking advantage of an-
other natural experiment. In this case, three waves of predisaster data 
had been gathered from a large, state-wide sample of older people 
allowing us to examine how different types of exposure to Hurricane 
Sandy (geography, peri-traumatic stress, personal and property loss, 
and poststorm hardship) impacted functional limitations over a 
12-year period. We controlled for age, gender, socioeconomic status, 
and preexisting health conditions as they have known associations 
with functional limitations (34–40) and we tested the following 
hypotheses:

	1.	 Older people living in counties hardest hit by Hurricane Sandy 
would have more functional limitations 6 years later than older 
people not living in these counties.

	2.	 Older people who experienced higher levels of peri-traumatic 
stress during Hurricane Sandy would have more functional limi-
tations 6 years later than older people who experienced lower 
levels of peri-traumatic stress.

	3.	 Older people experiencing higher levels of personal and prop-
erty loss following Hurricane Sandy would have more functional 
limitations 6  years later than older people experiencing lower 
levels of personal and property loss.

	4.	 Older people who experienced higher levels of poststorm hard-
ship would have more functional limitations 6  years after the 
storm than older people who experienced lower levels of 
poststorm hardship.

After testing the effect of each type of exposure individually, we 
examined, in an exploratory fashion, the relative contributions that 
peri-traumatic stress, geographic location, personal and property 
loss, and poststorm hardship had on functional limitations.

2140� Journals of Gerontology: MEDICAL SCIENCES, 2020, Vol. 75, No. 11



Methods

Participants
Between 2006 and 2008, we recruited and completed interviews 
with 5,688 people (Wave 1) who were part of the ORANJ BOWL 
(Ongoing Research on Aging in New Jersey: Bettering Opportunities 
for Wellness in Life) panel. ORANJ BOWL has as its goal identifying 
factors that influence successful aging. We recruited participants 
using cold calling and list-assisted random-digit-dialing (RDD) pro-
cedures. Eligible participants were between the ages of 50 and 74, 
living in New Jersey, and able to participate in a one-hour, English-
language telephone interview at baseline. Coverage loss due to cell 
phone-only households was small due to sample demographics (41). 
ORANJ BOWL achieved a response rate of 58.73%, using standard 
American Association for Public Opinion Research calculations, 
and a Cooperation Rate of 72.88%, consistent with or better than 
average RDD response rates. Details regarding sample development 
are presented in Pruchno and colleagues (42). Participants were rep-
resentative of older adults (aged 50–74) living in New Jersey in 2006, 
except for a slightly higher rate of women and people with more 
years of education. Because we were unable to translate the inter-
view into Spanish, ORANJ BOWL under-represents Hispanics. At 
Wave 1, ORANJ BOWL participants lived in 1,644 of New Jersey’s 
1,912 census tracts. Table 1 includes sample descriptive statistics.

One year after their baseline interview, a subsample of partici-
pants was re-contacted and asked to complete a personality measure 
(Wave 2). We excluded data from this wave in these analyses because 
we did not collect information about functional limitations at that 
wave. In 2011, we mailed a questionnaire (Wave 3) to all ORANJ 
BOWL respondents; 3,387 participants completed the survey. In 

2014, approximately 18 months after Hurricane Sandy struck, we 
mailed a questionnaire (Wave 4) to all ORAN BOWL respondents 
known to be alive at Wave 3. We called participants who did not 
complete the interview and whenever possible, we completed the 
interview by telephone; 3,608 individuals completed the survey. 
The availability of additional funds for sample follow-up at Wave 
4 resulted in a larger sample at Wave 4 than Wave 3. Wave 5 was 
then completed approximately 18-months after completion of Wave 
4 (2015–2017; N = 3,076). Wave 6 was completed approximately 
18  months after completion of Wave 5 (2017–2019; N  =  3,137). 
See Figure 1 for full sample flow in relation to Hurricane Sandy. 
At each wave, completers significantly differed from noncompleters. 
Completers reported higher levels of education and income than 
those who had died, withdrew, or did not complete each wave. 
Completers were significantly older than noncompleters and younger 
than those that withdrew or died. Completers were more likely to be 
female than those who died and less likely to be African American 
than noncompleters.

The Rowan University Institutional Review Board reviewed and 
approved all human subject activity.

Measures
Disaster exposure
Exposure was assessed using four measures of exposure: peri-
traumatic stress, personal and property loss, poststorm hardship, 
and geographic exposure. We assessed peri-traumatic stress at Wave 
4 by asking participants to report whether they felt: (i) in imme-
diate physical danger during Hurricane Sandy, and (ii) distressed 
or fearful during Hurricane Sandy. Bell and colleagues (43) and 

Table 1.  Sample Descriptives by Wave

Wave 1 
N = 5,688

Wave 3 
N = 3,387

Wave 4 
N = 3,608

Wave 5 
N = 3,076

Wave 6 
N = 3,137

Age (M [SD]) 60.79 (7.10) 65.37 (7.01) 67.66 (6.92) 69.14 (6.73) 70.39 (6.66)
Sex (female) 3,621 (63.7) 2,202 (65.0) 2,326 (64.5) 1,956 (63.6) 1,996 (63.6)
African American 646 (11.4) 276 (8.1) 314 (8.7) 222 (7.2) 250 (8.0)
Income
  <$15K 365 (6.4) 152 (4.5) 156 (4.3) 85 (2.8) 102 (3.3)
  $15K–$30K 601 (10.6) 289 (8.5) 297 (8.2) 221 (7.2) 215 (6.9)
  $30K–$50K 862 (15.2) 502 (14.8) 509 (14.1) 419 (13.6) 431 (13.7)
  $50K–$80K 1,133 (19.9) 698 (20.6) 736 (20.4) 639 (20.8) 646 (20.6)
  $80K–$150K 1,291 (22.7) 875 (25.8) 954 (26.4) 864 (28.1) 881 (28.1)
  >$150K 770 (13.5) 520 (15.4) 573 (15.9) 516 (16.8) 534 (17.0)
  Missing 666 (11.7) 351 (10.4) 383 (10.6) 332 (10.8) 328 (10.5)
Educational attainment
  Not high school (HS) graduate 306 (5.4) 115 (3.4) 113 (3.1) 59 (1.9) 61 (1.9)
  HS graduate or GED 1,607 (28.3) 863 (25.5) 900 (24.9) 686 (22.3) 706 (22.5)
  Some college 852 (15.0) 487 (14.4) 515 (14.3) 452 (14.7) 459 (14.6)
  2 y college degree 530 (9.3) 320 (9.4) 356 (9.9) 313 (10.2) 312 (9.9)
  4 y college degree 1,108 (19.5) 697 (20.6) 769 (21.3) 681 (22.1) 714 (22.8)
  Some postbaccalaureate 220 (3.9) 162 (4.8) 164 (4.5) 148 (4.8) 153 (4.9)
  Masters 743 (13.1) 521 (15.4) 563 (15.6) 516 (16.8) 517 (16.5)
  Some postmasters 73 (1.3) 50 (1.5) 52 (1.4) 47 (1.5) 45 (1.4)
  Doctorate 236 (4.1) 168 (5.0) 171 (4.7) 171 (5.6) 167 (5.3)
  Missing 13 (0.2) 4 (0.1) 5 (0.1) 3 (0.1) 3 (0.1)
Functional limitations (M [SD]) 40.08 (6.55) 40.78 (5.75) 40.95 (5.64) 41.22 (5.42) 41.26 (5.45)
Chronic illnesses (M [SD]) 1.76 (1.40) 1.70 (1.35) 1.66 (1.32) 1.60 (1.29) 1.57 (1.28)
Storm exposure
  Peri-traumatic stressors — — 0.86 (1.01) — —
  Personal and property loss — — 0.54 (0.74) — —
  Poststorm hardship — — 0.13 (0.37) — —

Note: GED = tests of general education development.
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Wilson-Genderson and colleagues (15) asked similar questions. 
Responses to each question were recorded on a three-point scale: 
0 (no), 1 (a little), or 2 (a lot). We summed responses to these two 
questions to create a peri-traumatic stress score. The sample mean 
was 0.86 (SD = 1.0) with a range of 0–4.

We measured personal and property loss at Wave 4 by asking 
participants if they experienced: (i) physical injury, (ii) a need for 
medical attention, (iii) any home damage, (iv) family or close friends 
injured or killed, (v) loss of utilities, and/or (vi) damage to a per-
sonal automobile as a result of Hurricane Sandy. Consistent with 
the approach used by scholars of life events (44) and disasters 
(15,16,45,46), responses were summed. As only six people experi-
enced four or more of these stressors, we capped this variable at 
three, yielding a range of 0–3.

We assessed poststorm hardship at Wave 5 by asking participants 
if, because of Hurricane Sandy, they had: (i) stopped working, (ii) left 
their home, (iii) had mold problems at home, and/or (iv) lost income. 
Lowe and colleagues (47) and Wilson-Genderson and colleagues 
(15) asked similar questions. As with personal and property loss, we 

summed responses. We capped this variable at 2 because only four 
people experienced 3 of these stressors, yielding a range of 0–2.

Finally, we defined geographic exposure as living in one of the nine 
counties identified by HUD (48) as hardest hit by Hurricane Sandy 
at the Wave 4 assessment. These included Atlantic, Bergen, Cape 
May, Essex, Hudson, Middlesex, Monmouth, Ocean, and Union 
counties. Brilleman and colleagues (32) and Wilson-Genderson and 
colleagues (15) also operationalized geographic exposure based on 
FEMA classifications. Living in a storm-exposed area was denoted 
“1”; not being in the defined area was coded “0”; 3,216 (56.5%) of 
participants were living in a county affected by the storm.

Functional limitations
At each of the five waves of data collection, respondents reported 
the extent of difficulty they had with nine indicators of functional 
limitations (Walk a 1/4 mile, walk up 10 steps without resting, stand 
or be on your feet for about 2 hours, sit for about 2 hours, stoop, 
bend, or kneel, reach up over your head, use your fingers to grasp or 
handle small objects, lift or carry something as heavy as 10 lbs., such 
as a full bag of groceries, and push or pull large objects like a living 
room chair) using a 5-point Likert scale ranging from 1 (can’t do it 
at all) to 5 (not at all difficult), with higher scores indicating fewer 
functional limitations.

Chronic health conditions
At baseline, participants indicated whether a physician had ever told 
them they had: Parkinson’s disease, multiple sclerosis, HIV, osteo-
arthritis of the knee, arthritis, a heart condition, cancer, diabetes, 
osteopenia/osteoporosis, stroke, lung problems, or liver disease. 
Responses were coded as 0 (no) or 1 (yes) and the responses were 
summed.

Demographic covariates
At baseline, respondents reported their age, gender (0 = male, 1 = fe-
male), income (range from 1 = less than $15,000 to 6 = more than 
$150,000), educational attainment (range from 1 =  less than high 
school to 9 = doctoral degree) and race (0 = not African American, 
1 = African American).

Statistical Analysis
We examined sample descriptive information for each wave of data 
collection on demographic characteristics, chronic health conditions, 
storm exposure, and functional limitations, and computed bivariate 
correlations for the storm exposure variables. Next, we ran multi-
level mixed-effects models that account for the nesting of observa-
tions within participants and permit the inclusion of neighborhood 
characteristics at Level 2 of the model. These analyses examined the 
association between exposure to Hurricane Sandy and functional 
limitations using all available waves of data for each participant and 
unbiased estimates for missing data. Following Singer and Willett 
(49), we report findings based on all waves of data.

Participants included in the multilevel models participated in the 
baseline interview and at least one interview after the storm. After 
confirming a substantial within-person ICC of 0.67 over time, we 
created a within-person unconditional model (Yit = π0i + π1i (waveit)+ 
π2i (lagit) + eit) to estimate average linear and person-specific change 
over time in functional limitations. In this model, Yit is the functional 
limitation score at time t for participant i; π0i is initial status of func-
tional limitation for participant i. The linear time parameter π1i was 
coded as 1, 3, 4, 5, 6 (wave) and represents the point of measurement 

Figure 1.  ORANJ BOWL data flow chart across six waves.
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for the linear change in functional limitation. A lag variable was in-
cluded to capture the exact amount of time that had passed for each 
individual participant since baseline (lagit); eit is the error for partici-
pant i at time t.

Once the form of the change and average slopes was determined, 
we introduced additional variables as follows: Model B added demo-
graphic characteristics (age, gender, income, and education) and prior 
diagnosed chronic health conditions to account for associations be-
tween person-level characteristics and functional limitations. Models 
C-1 through C-3 added one of the individual-level exposure variables 
(peri-traumatic stress, personal/property loss, poststorm hardship) at 
Level 1 and the geographic indicator of exposure at Level 2. Model D 
simultaneously included all three individual-level exposure variables 
at Level 1 and the geographic indicator at Level 2.

Model results are presented as regression parameter estimates (β) 
with the associated standard errors reflecting the strength of the as-
sociation of each variable and change in functional limitations (see 
Yit above) and the significance test assessed as p-values less than .05. 
Fit indices are presented for the sake of model comparison including 
-2 Log Likelihood, AIC, AICC, BIC, and χ 2, all of which are inter-
preted as smaller is better. To assess the robustness of the models 
given missing data on income, we tested the models in the following 
three ways: (i) using data from participants who had complete data, 
(ii) using SAS Proc MI for multiple imputation, and (iii) removing 
the income variable from the model. The model results were similar 
and the parameter interpretations were the same under all three con-
ditions. As a result, we retained the full sample for which data were 
available. In order to account for risk of death throughout the study 
period, sensitivity analyses were conducted following procedures 
described by Berry and colleagues (50). Death status did not affect 
other findings and as a result, death status was not included in the 
models in favor of parsimony. SAS 9.4 was used for all analyses.

Results

Table 1 presents descriptive statistics for the sample at each wave of 
data collection. Table 2 shows that the bivariate correlations among 
the disaster exposure variables for people living in and out of coun-
ties identified by FEMA as affected by Hurricane Sandy were similar.

The initial multi-level model (Model A; see Table 3) revealed a sig-
nificant linear increase in functional limitations over time (Wave) with 
no additional change over time attributable to how much time had 
passed for the individual participant (Lag). This indicates that the exact 
amount of time passed neither amplified nor dampened the linear in-
crease in functional limitations that is accounted for by Wave over time.

Model B revealed that women and people with more chronic 
illnesses had more functional limitations. People with higher educa-
tion and income had fewer functional limitations. The linear effect of 

time (Wave) remained significant indicating that over time functional 
limitations increased.

Model C-1 revealed that all the previously tested parameters re-
mained the same as in Model B and that peri-traumatic stress at 
the individual level was significantly associated with functional limi-
tations. People experiencing more peri-traumatic stress reported 
more functional limitations over time. Living in a county identi-
fied by FEMA as storm affected was not associated with functional 
limitations.

Model C-2 revealed that all the previously tested parameters re-
mained the same as in Model B and that personal and property loss at 
the individual level was not significantly associated with functional 
limitations. In this model, living in a FEMA-defined storm damaged 
county (Level 2) was not associated with functional limitations.

Model C-3 revealed that all the previously tested parameters re-
mained the same as in Model B and that experiencing poststorm 
hardship (at the individual level) had a significant association with 
functional limitations. People experiencing more poststorm hardship 
also had more functional limitations. Here too, living in a FEMA-
defined storm damaged county (Level 2)  was not associated with 
functional limitations.

Fit indices comparing Model C-1, C-2, and C-3 to Model B sug-
gested an improvement in fit for each model (see Table 3); model 
C-1 with peri-traumatic stress having better fit indices than either 
personal and property loss or poststorm hardship. Finally, Model D, 
which included all four forms of disaster exposure, revealed that all 
the previously tested parameters remained the same as in Model B 
and that peri-traumatic stress at the individual level was the only ex-
posure variable associated with functional limitations. Personal and 
property loss, poststorm hardship (Level 1 variables), and living in a 
FEMA-defined storm damaged county (Level 2) were not associated 
with functional limitations. Thus, when accounting for all four types 
of exposure in one model, people with higher levels of peri-traumatic 
stress had an increase in functional limitations. Fit indices comparing 
Model D to Model B suggested an improvement in fit; however, the 
fit indices were similar to that of model C-1 (peri-traumatic stress).

Discussion

These results extend Tsuboya and colleagues (33) findings and dem-
onstrate the effects of a natural disaster—in this case Hurricane 
Sandy—on functional limitations. Using a large, representative 
sample and data collected before and after the hurricane, we found 
that peri-traumatic stress and poststorm hardship each had a signifi-
cant negative association with trajectories of functional limitations, 
but personal and property loss was not associated with functional 
limitations. Moreover, when the exposure variables were all included 
in the model simultaneously, we found the sole predictor of func-
tional limitations was peri-traumatic stress.

These results along with previous findings (14,15,43) identify 
the critical role peri-traumatic stress plays for both the physical and 
emotional health of older people confronted by a natural disaster and 
beg for interventions focused on older people experiencing natural 
disasters. The analyses suggest that when possible, it might be wise 
for older people to evacuate before a natural disaster strikes, although 
doing so may create other stress not measured in our data. If this is 
not possible, our analyses suggest the importance of attending to older 
people who experience fear in the face of disaster as soon as possible. 
Consistent with earlier studies, our findings affirm that fear experi-
enced during a natural disaster is linked to physical functioning fol-
lowing the disaster (18,28). The mechanisms for this association are 

Table 2.  Bivariate Correlations Among Exposure Variables

 
Peri-traumatic 
stress

Personal and  
property loss

Poststorm  
hardship

Peri-traumatic stress 1 0.30*** 0.14***
Personal and property loss 0.26*** 1 0.33***
Poststorm hardship 0.14*** 0.29*** 1

Note: Values above the diagonal pertain to people living in a county des-
ignated by FEMA as affected by Hurricane Sandy; values below the diagonal 
refer to people not living in a FEMA designated county.

***p < .001.

Journals of Gerontology: MEDICAL SCIENCES, 2020, Vol. 75, No. 11� 2143



not tested here. However, in accordance with prior work focused on 
chronic stress (51), it may be that exposure to the stressful life event 
may have a cumulative effect with other stressors these individuals 
have experienced and cause changes in the brain and subsequently the 
body’s functioning. Further work should explore this pathway.

By classifying exposure in four distinct ways, we were able to 
tease apart the effects of storm exposure on functional limitations. 
We did not find effects of disaster exposure on functional limita-
tions when treating either personal and property loss or geographic 
location as exposure. Geographic location may be too crude of an 
exposure indicator. As is true for other hurricanes, there was some 
randomness to the path taken by Hurricane Sandy. Homes within 
just a few blocks of one another sustained very different effects, 
with some homes totally destroyed while others bore no damage. 
Other research finds that personal and property loss following a dis-
aster have inconsistent relationships with psychological well-being 
(46,47,52). These inconsistencies may be explained at least partly as 
a function of the time between the disaster and when the data were 
collected. It is possible that over time, people are able to cope with 
personal and property losses; hence their effects on functional limita-
tions are minimal. Finally, although functional limitation trajectories 
were associated with poststorm hardship when this was the only 
exposure variable in the model, when modeled with geographic ex-
posure, peri-trauma stress, and personal and property loss, the effect 
of poststorm hardship became nonsignificant.

These findings affirm the need to expand disaster exposure def-
initions beyond geographic proximity and to utilize individual-level 
assessments of exposure to advance disaster research. As we strive 
to understand the mechanisms by which exposure affects functional 
limitations and then develop interventions to break the relationship, 
it will be important to develop alternative ways of measuring what it 
means to be exposed to a disaster.

These findings add important new information to the litera-
ture, as they show that disasters affect physical health as well as 

emotional health. Given the importance of functional limitations for 
mortality, morbidity, and quality of life in older adults, it is critical to 
understand the role of disasters in influencing functional limitations 
over time. Where scholars have attempted to examine the impact of 
exposure on functional limitations, general indicators of exposure 
(ie, geographic region) have been used and prestorm data have been 
lacking, with the exception of Tsuboya and colleagues (33) study 
with the Great Earthquake.

While this study is strengthened by its use of data from a large 
prospective longitudinal panel study of older adults and its analytic 
approach that modeled exposure at both the level of the individual 
and county, it is not without limitation. The findings here are re-
stricted to the experiences of those living in the state of New Jersey 
that were retained in our sample. Attrition over time resulted in an 
underrepresentation of people with lower education, lower income, 
and/or of minority status and therefore is not representative of all 
populations. Second, storm exposure was assessed between 12 and 
53 months after the Hurricane and is subject to biased recall of the 
events. Future studies should attempt to collect data more proximal 
to the disaster on hand. Third, our measure of peri-traumatic stress 
was also limited in that it only included two items; future work 
should develop and test additional measures of peri-traumatic stress 
to see whether the findings here hold. Finally, our measure of func-
tional ability is one of self-report. While self-reported physical func-
tion has been found to be associated with disability (53), given that 
individuals who experience greater psychological distress are more 
likely to experience pain and fatigue, those with greater distress may 
also be self-reporting greater functional limitation due to their psy-
chological state. Use of an objective measure of functional ability 
may be better able to disentangle the association between reported 
distress and physical health outcomes and future work should ex-
plore this possibility.

Overall, despite limitations, findings from this work advance 
our understanding of the impact of disasters on older adults’ health. 

Table 3.  Results of Multilevel Model Analyses

Effect

Model A Model B Model C-1 Model C-2 Model C-3 Model D

β (SE) β (SE) β (SE) β (SE) β (SE) β (SE)

Individual level
  Intercept 43.51 (1.7) 40.7 (1.8) 41.36 (2.02) 40.51 (2.0) 41.6 (1.9) 41.3 (2.0)
  Wave −0.43 (0.02)*** −0.51 (0.02)*** −0.52 (0.02)*** −0.52 (0.02)*** −0.52 (0.02)*** −0.52 (0.02)***
  Laga 0.0007 (0.0005) −0.0007 (0.0005) −0.0008 (0.0005) −0.0008 (0.0005) −0.0006 (0.0005) −0.0009 (0.0005)
  Age  0.015 (0.013) 0.01 (0.01) 0.019 (0.01) 0.007 (0.01) 0.011 (0.01)
  Education  0.24 (0.042)*** 0.26 (0.04)*** 0.25 (0.04)*** 0.27 (0.04)*** 0.26 (0.04)***
  Gender  −0.97 (0.17)*** −0.87 (0.18)*** −0.94 (0.18)*** −0.72 (0.18)*** −0.86 (0.18)***
  Income  0.96 (0.07)*** 0.93 (0.07)*** 0.97 (0.08)*** 0.90 (0.07)*** 0.93 (0.08)***
  Chronic illness  −1.82 (0.08)*** −1.81 (0.08)*** −1.82 (0.08)*** −1.7 (0.08)*** −1.81 (0.08)***
  Peri-traumatic stress   −0.23 (0.09)***   −0.24 (0.09)***
  Personal/property loss    −0.06 (0.11)  0.10 (0.12)
  Poststorm hardship     −0.34 (0.12)* −0.24 (0.22)
Neighborhood level
  County affected by Sandy   0.14 (0.18) 0.084 (0.18) 0.12 (0.17) 0.15 (0.18)
Fit indices
  −2 LLb 81,318.2 66,020.2  61,844.4 62,500.7 61,925.7  61,846.3
  AIC 81,326.2 66,028.2  61,852.4 62,508.7 61,933.7  61,854.3
  AICC 81,326.2 66,028.2  61,852.4 62,508.7 61,933.7  61,854.3
  BIC 81,350.5 66,052.5  61,876.3 62,532.7 61,957.6  61,878.2
  χ 12,358.62 6,673.93  6,397.76 6,489.43 6,388.00 6,396.64

Note: * p < .05, *** p < .001. aLag is the exact amount of time that has passed for the individual since baseline data collection. bLL = log likelihood.
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Beyond known mental health impacts of a disaster, we find that peri-
storm psychological stress can affect an individual’s functional limi-
tations following a disaster. We also see that how disaster exposure 
is assessed matters for conclusions drawn. Future work is needed to 
determine whether individual-level reports of disaster exposure in 
the context of other types of disaster also show similar findings and 
to determine the mechanisms by which peri-traumatic stress impacts 
functional limitations to develop poststorm interventions for older 
people exposed to a disaster.
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