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We investigated the association between disaster experience and the cardiometabolic risk of survivors 2.5 years after
disaster onset, adjusting for health information predating the disaster, using natural experiment data stemming from the
2011Great East Japan Earthquake and Tsunami.We used data froma cohort of adults aged 65 years or older in Iwa-
numa City, Japan, located 80 km (128 miles) west of the earthquake epicenter. The baseline survey was completed
7months before the disaster, and the follow-up survey was performed among survivors approximately 2.5 years after
the disaster. The survey data were linked to medical records with information on objectively measured cardiometa-
bolic risk factors (n = 1,195). The exposure of interest was traumatic disaster experiences (i.e., housing damage and
loss of loved ones). Fixed-effects regression showed that complete housing destruction was significantly associated
with a 0.81-unit greater change in bodymass index (weight (kg)/height (m)2; 95% confidence interval (CI): 0.24, 1.38), a
4.26-cm greater change in waist circumference (95% CI: 1.12, 7.41), and a 4.77-mg/dL lower change in high-density
lipoprotein cholesterol level (95%CI: −7.96, −1.58) as compared with no housing damage. We also observed a signifi-
cant association between major housing damage and decreased systolic blood pressure. Continued health checkups
and supports for victimswho lost homes should be considered tomaintain their cardiometabolic health.

biomarkers; cardiometabolic risk; disasters; fixed-effect analysis; Japan; natural experiment

Abbreviations: BMI, bodymass index; CI, confidence interval; JAGES, Japan Gerontological Evaluation Study.

Beyond the immediate loss of life, natural disasters have
been shown to affect themental and physical health of survivors
(1–3). The short-term impact of exposure to a natural disaster
(e.g., earthquakes) on the cardiometabolic health of survivors,
such as increased incidence of heart attack, has been well estab-
lished (4–9). Likewise, it is possible that disaster exposure has
an adverse impact on cardiometabolic risk factors in the long
term due to prolonged psychological distress and changes in
health behaviors, including dietary behaviors and physical activity
(10–12). However, the empirical evidence is limited, especially
studies that include information on the health status of victims
predating the disaster.

A handful of studies have examined and found an increase
in levels of risk factors several years after a disaster event, sug-
gesting the potential for long-term effects of disaster expo-
sure (13–15). These studies are limited in several ways. First,

adjustment for baseline cardiometabolic risks and subjects’
characteristics, such as health-related behaviors and socioeco-
nomic status, is seldom possible. The reason is that researchers
studying the health consequences of natural disasters typically
collect data retrospectively after the event and do not have pre-
disaster data. Thus, there is a potential for residual confounding
bias. For example, persons with preexisting health problems
may be more likely to be victimized by a disaster (e.g.,
because their evacuation tends to be delayed) and to be sick
after the disaster. Hence, any association between disaster-
related trauma and postdisaster health status is likely to be con-
founded by predisaster health status. This problem cannot be
entirely fixed by retrospectively asking survivors about their
predisaster health status because of the potential for recall bias;
that is, victims who experienced severe disaster-related trauma
are apt to selectively recall their predisaster health problems.
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Second, more understanding is needed of the differential ef-
fects of disaster by levels of the severity and types of disaster-
related experiences. A previous study using data from the 1983
earthquake in Naples, Italy—where the magnitude of the earth-
quake was small (4.0 on the Richter scale)—found no long-term
association between disaster exposure and cardiometabolic risk
factors, including blood pressure and serum total cholesterol
level (16, 17). On the other hand, studies that examined disas-
ters of larger magnitude, including the Armenian earthquake
in 1988 (Richter magnitude 6.8) and the Great East Japan
Earthquake in 2011 (Richter magnitude 9.0), did detect long-
term associations between disaster exposure and increased
cardiovascular mortality and morbidity, as well as risk factors
such as blood pressure, waist circumference, and serum tri-
glyceride levels, suggesting the importance of assessing the
magnitude-specific impact of natural disasters (13–15). More-
over, there are several types of disaster exposure ranging from
property damage to psychological trauma due to loss of some-
one important to the victim. Investigating type-specific health
effects of natural disaster would allow us to better understand
the underlying mechanisms and potential interventions. How-
ever, because of lack of data, the assessment of natural disaster
has been mostly limited to comparisons between evacuees
and nonevacuees or to pre-/postdisaster within-individual
comparisons of the outcomes (13–17).

Lastly, assessment of cardiometabolic outcomes using a vari-
ety of measures is warranted. For instance, adiposity has been
measured solely on the basis of body mass index (BMI), a
ratio of weight to squared height, and is therefore limited. Older
adults are one of the most vulnerable populations during and in
the aftermath of natural disaster and thus have been the primary
targets of previous studies on health consequences of disaster
exposure (7, 18, 19). Since BMI is not the most valid measure
of fatness among older adults because of differential loss of
muscle mass with aging, other measures of adiposity, such as
waist circumference, need to be assessed as well (20). Moreover,
few previous studies have assessed biomarkers of cardiometa-
bolic risk such as serum lipid levels, comparing them with the
biomarker information that predates disaster.

Our purpose in this study was therefore to examine the
severity- and type-specific associations between disaster expo-
sure and a comprehensive profile of cardiometabolic biomarkers.
We took advantage of a unique “natural experiment” stemming
from the 2011 Great East Japan Earthquake and Tsunami,
which killed more than 18,000 people and caused involuntary
evacuation and displacement of approximately 345,000 people
(21, 22).

The Japan Gerontological Evaluation Study (JAGES), a
nationwide cohort study of older adults in Japan, was estab-
lished 7 months prior to the disaster with a baseline survey that
inquired about predictors of healthy aging. Older adults are of
particular importance in disaster medicine, since they tend to be
disproportionately victimized by natural disasters. In the 2011
Great East Japan Earthquake, older adults constituted 89% of
disaster-related deaths (23). Older adults are also vulnerable to
health problems in the aftermath of disasters. For instance, we
have previously reported that older survivors of the 2011 Great
East Japan Earthquake experienced increased risks of functional
disability, cognitive decline, and depression (18, 24, 25).

One of the study sites of the JAGES project was Iwanuma
City, which was severely damaged by the earthquake and tsu-
nami in 2011. Approximately 2.5 years after the disaster, we con-
ducted a follow-up survey targeting the survivors in Iwanuma
and gathered data on their disaster experiences. Thus, we were
able to collect rich “predisaster” data on baseline demographic
characteristics, as well as a series of anthropometric measures
and biomarkers of cardiometabolic risk, in addition to postdi-
saster data.

METHODS

Data

JAGES is a nationwide Japanese cohort study established in
2010 with the objective of studying the predictors of healthy
aging. The baseline survey was conducted in 2010, and we sam-
pled 112,123 older adults residing in 31 municipalities in Japan
(response rate = 66.3%).

One of the field sites of the JAGES study is Iwanuma City,
located in Miyagi Prefecture, approximately 80 km (128 miles)
west of the 2011 earthquake epicenter. Iwanuma had a total popu-
lation of 44,187 in 2010 (26). In August 2010, we conducted a
census of all residents aged 65 years or older in Iwanuma using
the official residential register (n = 8,576). A total of 5,058 resi-
dents responded to the baseline survey (response rate = 59.0%).

The Great East Japan Earthquake, registering a magnitude of
9.0 on the Richter scale, occurred on March 11, 2011, 7 months
after the baseline survey. The subsequent tsunami resulting from
the earthquake caused devastating damage to coastal areas of
northeastern Japan, including Iwanuma. In Iwanuma, the tsunami
killed 180 residents, damaged 5,542 houses, and inundated 48%
of the land area (27) (Figure 1).

Approximately 2.5 years after the disaster (2013), we recon-
tacted all survivors from the baseline cohort. With the coopera-
tion of the Iwanumamunicipal office, we identified the addresses
of 99.7% of our original sample. Of the eligible participants from
the baseline survey, 3,594 responded to our mailed follow-up
survey (follow-up rate = 82.1%). After excluding invalid re-
sponses, we obtained panel data for 3,567 subjects. In addition to
survey data, we also linked participants to medical record data
from regular health checkups conducted by the municipality in
2010 and 2013 (28). During these health checkups, the partici-
pant’s height, weight, waist circumference, and blood pressure
were measured by public health nurses. Blood samples were also
collected from the participants and tested for serum levels of bio-
markers (cholesterol, triglycerides, uric acid, and liver function).
After exclusion of persons who did not participate in the 2010
and/or 2013 health checkup, a total of 1,195 subjects were linked
to the JAGES panel data and used for these analyses. Details on
selection of the analytical sample are presented in Figure 2.

Variables

Exposure variables. In the follow-up survey, we inquired
about different types of disaster-related experiences, including
housing damage, loss of relatives, loss of friends, and loss of
pets. Housing damage was assessed by 2 or more technical
officers inspecting residential properties and basing their
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assessment on objectively established criteria (29). The degree
of housing damage was classified into one of 5 levels: “no dam-
age,” “partial damage,” “minor damage,” “major damage,” and
“complete destruction” (see Web Table 1, available at https://
academic.oup.com/aje). Loss of relatives, loss of friends, and
loss of pets were made into binary variables (yes/no).

Outcome variables. Our outcome of interest was a series of
biomarkers associated with cardiometabolic risk. Systolic and
diastolic blood pressure (mm Hg), BMI, waist circumference
(cm), serum triglycerides (mg/dL), and high-density lipoprotein
and low-density lipoprotein cholesterol (mg/dL) weremeasured
in both 2010 and 2013. BMI was calculated on the basis of the
standard formula: weight (kg)/height (m)2.Waist circumference
wasmeasured only among persons under age 75 years.

Time-varying confounders. As potential time-varying con-
founders, we adjusted for age group, household income, medical
treatment for major diseases, current alcohol drinking, current
smoking, and depressive symptoms. Age was categorized into
“75 years or older” and “65–74 years” to control for the differ-
ence in medical cost-sharing expenses under the national health-
care insurance system (30). In Japan, older adults renew their
health-care insurance when they turn 75 years of age. Under the
Japanese insurance system, copayment associated with health-
care services for persons aged ≥75 years is less than it is for per-
sons aged≤74 years. Annual household incomewas equivalized
in order to adjust for the number of members within house-
holds. We created 4 binary variables (yes/no) representing
current medical treatment for hypertension, stroke, diabe-
tes, and dyslipidemia. Current alcohol drinking and current
smoking were also binarized (yes/no). Depressive symptoms
were measured using the validated Japanese short version of the
Geriatric Depression Scale (31). We used a cutoff score of 5 or

above to indicate clinical depression. We did not adjust for
physical activity and dietary behavior, since they were con-
sidered potential mediators of the relationship between disaster
damage and cardiometabolic risk.

Statistical methods

We used a fixed-effects regression approach to estimate the
association of disaster damage with cardiometabolic biomarkers.
Because we used 2-wave panel data, the fixed-effects regression
model was equivalent to the first-difference model, which is rep-
resented by the following equation.

Δ = Δ β + δεXy ,it it it

where yit is the value of the dependent variable for the ith indi-
vidual at time t, Xit is a vector of the exposure variable as well
as time-varying confounders, andΔ indicates a difference in the
value of each variable between the two time points (i.e.,
Δ = −+y y yit it it1 ). Our exposure variable, disaster damage
assessed after the disaster (the year 2013), can be interpreted as a
“change” variable, because nobody was exposed at baseline.
Thefirst-differencemodel can effectively eliminate confounding
bias due to observed and unobserved time-invariant confounders
in addition to observed time-varying confounders (32).

Because the biomarker data were available only for per-
sons who voluntarily participated in the health checkups
(34% of the respondents to the follow-up survey), there was
a possibility of selection bias (33). To address this potential
selection bias, we used inverse probability weighting for cen-
soring (34). Inverse probability weighting for censoring can
account for selective attrition by applying statistical weights
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Figure 1. Inundated area in IwanumaCity, Japan, after the 2011Great East JapanEarthquake and Tsunami. The earthquake occurred onMarch 11, 2011,
and registered9.0 on theRichter scale.
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that depend on a person’s probability of being observed and an-
alyzed. For example, respondents whowere less likely to partic-
ipate in the health checkups because of certain characteristics
such as poor baseline health would be up-weighted as if the
analyses were performed in a pseudopopulation without selec-
tive dropout. Specifically, we calculated stabilized censoring
weights using baseline health status as well as socioeconomic
and demographic characteristics and performed weighted least-
squares analysis using robust standard errors. For missing infor-
mation on covariates used in the study, we performed multiple
imputation by chained equations, assuming missingness at
random. We used the “mice” package in R statistical software
(R Foundation for Statistical Computing, Vienna, Austria) to
create 20 imputed data sets and combined results from each
imputed data set to obtain the final estimates (35). All analyses
were performed using R, version 3.3.2.

Ethical considerations

The survey protocol was approved by the human subjects
committee of the Harvard T.H. Chan School of Public Health, as
well as the committees of Tohoku University, Nihon Fukushi

University, andChibaUniversity. Informed consent was obtained
at the time of data collection.

RESULTS

Demographic characteristics of the baseline JAGES partici-
pants, including sex, age, marital status, andworking status, were
close to those in the actual local census of older residents in Iwa-
numa (Web Table 2). Moreover, the baseline survey participants
were similar to those who participated in the follow-up survey in
terms of household income and health status (as measured by the
presence of treatment for major diseases, depressive symptoms,
and health behaviors) at baseline (Web Table 3). Compared with
the whole panel sample, the analytical sample with biomarker
data tended to be younger and to report less current medical treat-
ment for major diseases, less current alcohol drinking, and higher
income (Web Table 4). These variables were included in the cal-
culation of our inverse probability weights.

Tables 1, 2, and 3 show the baseline characteristics and cardio-
metabolic biomarker profiles of the analytical sample according
to type and severity of disaster damage. Nearly 11% of the

Baseline Survey Enrollment in August 2010 (n = 8,576)

Respondents to the Baseline Survey

(n = 5,058; Response Rate = 59.0%)

Invalid Identification, Sex, or Age Data

(n = 101)

Valid Respondents to the Baseline Survey (n = 4,957)

Lost to Follow-up (n = 577)

Killed by the disaster (n = 34)

Died from other causes (n = 400)

Moved out of the city (n = 92)

Address unknown (n = 17)

Too sick to be eligible (n = 34)
Eligible for the Follow-up Survey in October 2013

(n = 4,380)

No Response (n = 3,518)

No Response

(n = 786)

Respondents to the Follow-up Survey

(n = 3,594; Follow-up Rate = 82.1%)

Invalid Consent Data (n = 27)

Valid Respondents to the Follow-up Survey (n = 3,567)

Medical Record Data Not Available

(n = 2,372)

Analytical Panel Sample (n = 1,195)

Earthquake and Tsunami on March 11, 2011

Figure 2. Selection of the analytical sample (n = 1,195) for a study of the association between disaster experience and cardiometabolic risk,
Iwanuma City, Japan, 2010–2013. Biomarker information was obtained from medical record data from regular health checkups conducted at municipal
public health clinics in 2010 and 2013.
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Table 1. Baseline Characteristics of the Analytical Sample According to Housing Damage Incurred During the 2011Great East Japan Earthquake and Tsunami, Iwanuma, Japan, 2010–2013

Characteristic No. of
Persons

Housing Damage

No
Damage

Partial
Damage

Minor
Damage

Major
Damage

Complete
Destruction

Missing
Data

No. % No. % No. % No. % No. % No. %

Total 1,195 489 40.9 512 42.8 85 7.1 43 3.6 44 3.7 22 1.8

Age category, years

65–74 887 367 41.4 371 41.8 63 7.1 35 3.9 35 3.9 16 1.8

≥75 308 122 39.6 141 45.8 22 7.1 8 2.6 9 2.9 6 1.9

Tertile of equivalized annual household income, yen

1 (<1,750,000) 367 136 37.1 153 41.7 26 7.1 18 4.9 27 7.4 7 1.9

2 (1,750,000–2,475,000) 343 138 40.2 161 46.9 22 6.4 12 3.5 4 1.2 6 1.7

3 (>2,475,000) 347 164 47.3 136 39.2 27 7.8 5 1.4 10 2.9 5 1.4

Missing data 138 51 37.0 62 44.9 10 7.2 8 5.8 3 2.2 4 2.9

Hypertension treatment

No 762 309 40.6 341 44.8 52 6.8 24 3.1 24 3.1 12 1.6

Yes 414 174 42.0 163 39.4 31 7.5 18 4.3 19 4.6 9 2.2

Missing data 19 6 31.6 8 42.1 2 10.5 1 5.3 1 5.3 1 5.3

Stroke treatment

No 1,159 472 40.7 500 43.1 83 7.2 41 3.5 42 3.6 21 1.8

Yes 17 11 64.7 4 23.5 0 0.0 1 5.9 1 5.9 0 0.0

Missing data 19 6 31.6 8 42.1 2 10.5 1 5.3 1 5.3 1 5.3

Diabetes treatment

No 1,074 444 41.3 457 42.6 79 7.4 37 3.4 38 3.5 19 1.8

Yes 102 39 38.2 47 46.1 4 3.9 5 4.9 5 4.9 2 2.0

Missing data 19 6 31.6 8 42.1 2 10.5 1 5.3 1 5.3 1 5.3

Dyslipidemia treatment

No 1,039 422 40.6 451 43.4 70 6.7 39 3.8 38 3.7 19 1.8

Yes 137 61 44.5 53 38.7 13 9.5 3 2.2 5 3.6 2 1.5

Missing data 19 6 31.6 8 42.1 2 10.5 1 5.3 1 5.3 1 5.3

Depressive symptoms, pointsa

1–4 816 357 43.8 335 41.1 61 7.5 24 2.9 28 3.4 11 1.3

≥5 247 85 34.4 116 47.0 15 6.1 14 5.7 11 4.5 6 2.4

Missing data 132 47 35.6 61 46.2 9 6.8 5 3.8 5 3.8 5 3.8

a Depressive symptoms were measured by Geriatric Depression Scale (31) score.
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population (n = 128) experienced “minor” or “major” housing
damage, while 3.8% (n = 44) lost their houses because of com-
plete destruction (Table 1). Moreover, 38.1% of the population
lost relatives and/or friends in the disaster, and 3.7% lost their
pets (Table 2). Persons in the lowest income tertile group were
more likely to experience severe housing damage, as well as loss
of loved ones, than those with higher income. Baseline systolic
and diastolic blood pressure, BMI, waist circumference, and
high-density lipoprotein cholesterol levels were similar across
types and severity levels of disaster damage (Table 3). Baseline
(predisaster) triglyceride and low-density lipoprotein cholesterol
levels tended to be lower among persons with more severe
disaster-related damage.

The fixed-effects models showed that after adjustment for all
time-invariant and observed time-varying confounders, there
were strong associations between housing destruction (refer-
ence group: no damage) and changes in BMI, waist circumfer-
ence, and high-density lipoprotein cholesterol level (Table 4).
Specifically, personswho experienced destruction of their prop-
erty reported a 0.81-unit greater change in BMI (95% confidence
interval (CI): 0.24, 1.38), a 4.26-cm greater change in waist cir-
cumference (95% CI: 1.12, 7.41), and a 4.77-mg/dL lower
change in high-density lipoprotein cholesterol level (95% CI:
7.96, 1.58). For triglycerides, the point estimates also suggested
increases when comparing postdisaster values with predisaster
values (relative to persons who escaped property damage),

Table 2. Baseline Characteristics of the Analytical Sample According to Loss of LovedOnes and Pets During the
2011Great East Japan Earthquake and Tsunami, Iwanuma, Japan, 2010–2013

Characteristic

Loss of Relatives/Friends Loss of Pets

No Yes Missing
Data No Yes Missing

Data

No. % No. % No. % No. % No. % No. %

Total 731 61.2 450 37.7 14 1.2 1,108 92.7 42 3.5 45 3.8

Age category, years

65–74 526 44.0 349 29.2 12 1.0 818 68.5 38 3.2 31 2.6

≥75 205 17.2 101 8.5 2 0.2 290 24.3 4 0.3 14 1.2

Tertile of equivalized annual household
income, yen

1 (<1,750,000) 210 17.6 153 12.8 4 0.3 333 27.9 16 1.3 18 1.5

2 (1,750,000–2,475,000) 212 17.7 126 10.5 5 0.4 321 26.9 11 0.9 11 0.9

3 (>2,475,000) 223 18.7 122 10.2 2 0.2 325 27.2 9 0.8 13 1.1

Missing data 86 7.2 49 4.1 3 0.3 129 10.8 6 0.5 3 0.3

Hypertension treatment

No 462 38.7 295 24.7 5 0.4 710 59.4 24 2.0 28 2.3

Yes 258 21.6 147 12.3 9 0.8 384 32.1 16 1.3 14 1.2

Missing data 11 0.9 8 0.7 0 0.0 14 1.2 2 0.2 3 0.3

Stroke treatment

No 707 59.2 438 36.7 14 1.2 1,077 90.1 40 3.3 42 3.5

Yes 13 1.1 4 0.3 0 0.0 17 1.4 0 0.0 0 0.0

Missing data 11 0.9 8 0.7 0 0.0 14 1.2 2 0.2 3 0.3

Diabetes treatment

No 660 55.2 400 33.5 14 1.2 999 83.6 36 3.0 39 3.3

Yes 60 5.0 42 3.5 0 0.0 95 7.9 4 0.3 3 0.3

Missing data 11 0.9 8 0.7 0 0.0 14 1.2 2 0.2 3 0.3

Dyslipidemia treatment

No 635 53.1 391 32.7 13 1.1 965 80.8 35 2.9 39 3.3

Yes 85 7.1 51 4.3 1 0.1 129 10.8 5 0.4 3 0.3

Missing data 11 0.9 8 0.7 0 0.0 14 1.2 2 0.2 3 0.3

Depressive symptoms, pointsa

1–4 503 42.1 305 25.5 8 0.7 760 63.6 26 2.2 30 2.5

≥5 145 12.1 98 8.2 4 0.3 228 19.1 10 0.8 9 0.8

Missing data 83 6.9 47 3.9 2 0.2 120 10.0 6 0.5 6 0.5

a Depressive symptoms weremeasured by Geriatric Depression Scale (31) score.
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although the 95% confidence intervals were wide and included
the null value. Major housing damage was significantly
associated with a 4.36-mm Hg lower change in diastolic
blood pressure (95% CI: −8.67, −0.06), as compared with no
housing damage. No associations with cardiometabolic bio-
markers were observed for other types of disaster experience,
including less severe categories of housing damage, loss of
relatives, loss of friends, or loss of pets. Changes in depressive
symptomswere not associated with the outcomes.

DISCUSSION

To our knowledge, this is the first study to demonstrate a
long-term adverse impact of natural disaster on cardiometabolic
risk factor levels while incorporating rigorous adjustment for
predisaster characteristics, using a unique natural experiment
setting stemming from the 2011 Great East Japan Earthquake
and Tsunami.

After adjusting for all observed and unobserved time-
invariant confounders as well as a series of time-varying con-
founders, we observed strong associations between property
loss (i.e., complete housing destruction) and deterioration in car-
diometabolic risk profile. The associations with complete prop-
erty destruction were particularly marked for cardiometabolic
risk factors, including BMI, waist circumference, and serum
cholesterol level. The magnitude of association appeared to be
clinically significant. For example, an increase in waist circum-
ference of 4.26 cm (95% CI: 1.12, 7.41) among subjects with
complete housing destruction (relative to those without housing
damage) was of sufficient magnitude to put them at higher risk
of diabetes and cardiovascular diseases. Evidence suggests that
adding 2.75 cm to the average waist circumference of this popu-
lation (84.4 cm) would put them at 1.7 times’ higher risk of type
2 diabetes mellitus and 1.39 times’ higher risk of coronary heart
disease (36, 37). We also observed a significant association
betweenmajor housing damage and a decrease in systolic blood
pressure. This finding is puzzling, as it appears to be inconsistent
with the direction of change in other cardiometabolic param-
eters. However, Ebner et al. (38) also found that evacuation
after the Fukushima Daiichi nuclear power plant accident
(which coincided with the 2011 Great East Japan Earthquake)
was associated with decreased blood pressure 2 years later,
despite all other cardiometabolic parameters (waist circumfer-
ence, dyslipidemia, hyperuricemia) trending in a worse direc-
tion. The underlying pathway through which housing damage
was associated with lower blood pressure remains unclear. The
pathway may be changes in access to medical treatment, but
chance cannot be ruled out.

Our results add to findings from previous studies that expo-
sure to a natural disaster may increase cardiometabolic risk in
the long term (13–15). However, the mechanism for this asso-
ciation remains to be clarified. Three possible explanations
include: 1) lingering psychosocial stress and trauma resulting
in changed health behaviors (e.g., worse sleep quality, decreased
physical activity, worse dietary practices); 2) changes in eco-
nomic circumstances resulting in deteriorated access to healthy
nutrition; and/or 3) changes in the residential environment (e.g.,
local food environment/built environment) stemming from resi-
dential relocation.T
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Table 4. Changes in Cardiometabolic Risk Factors According to Level of Disaster Damage (Fixed-Effects Regression) Among Persons Aged 65 Years or Older (n = 1,195) After the 2011
Great East Japan Earthquake and Tsunami, Iwanuma, Japan, 2010–2013

Variable

Systolic Blood
Pressure, mmHg

Diastolic Blood
Pressure, mmHg

BodyMass Indexa
Waist

Circumference, cmb
Triglycerides,

mg/dL
HDLCholesterol,

mg/dL
LDL Cholesterol,

mg/dL

β 95%CI β 95%CI β 95%CI β 95%CI β 95%CI β 95%CI β 95%CI

Housing damage

Partial damage (vs. no
damage)

1.23 −1.94, 4.39 1.41 −0.27, 3.08 −0.002 −0.20, 0.19 0.21 −0.72, 1.14 −5.50 −15.70, 4.71 0.69 −0.77, 2.14 −2.61 −6.62, 1.40

Minor damage (vs. no
damage)

−3.58 −8.81, 1.64 −1.33 −4.08, 1.43 0.18 −0.17, 0.53 0.09 −1.21, 1.39 −3.67 −22.40, 15.10 −1.51 −3.81, 0.78 −1.26 −8.88, 6.35

Major damage (vs. no
damage)

−3.61 −13.50, 6.24 −4.36 −8.67, −0.06 0.10 −0.52, 0.72 −0.48 −3.86, 2.90 1.59 −22.60, 25.80 −2.21 −6.18, 1.77 −5.92 −15.20, 3.31

Complete destruction
(vs. no damage)

1.03 −6.89, 8.95 2.23 −2.16, 6.61 0.81 0.24, 1.38 4.26 1.12, 7.41 21.20 −20.20, 62.60 −4.77 −7.96,−1.58 5.14 −4.94, 15.20

Emotional loss

Loss of relative(s)
(Y/N)c

0.27 −3.24, 3.78 0.20 −1.41, 1.80 0.14 −0.10, 0.38 −0.12 −1.09, 0.85 4.97 −5.96, 15.90 0.05 −1.75, 1.85 3.72 −0.19, 7.64

Loss of friend(s) (Y/N) −2.85 −6.45, 0.75 −1.79 −3.69, 0.10 −0.09 −0.34, 0.16 −0.58 −1.80, 0.64 −0.88 −12.60, 10.80 −1.53 −3.31, 0.24 2.25 −2.57, 7.07

Loss of pet(s) (Y/N) −1.44 −10.70, 7.79 −2.97 −8.38, 2.43 −0.09 −0.73, 0.54 1.66 −1.90, 5.23 −3.46 −27.50, 20.50 0.68 −3.65, 5.01 0.60 −15.40, 16.60

Age categoryd −0.04 −3.93, 3.86 −0.26 −2.15, 1.63 0.06 −0.13, 0.25 −1.41 −14.10, 11.30 −0.21 −1.65, 1.22 −1.83 −6.90, 3.24

Equivalized annual
household income (per
1,000,000-yen
increment)

−1.35 −2.69, −0.01 −0.44 −1.11, 0.23 0.04 −0.04, 0.13 0.58 0.15, 1.01 −4.51 −9.40, 0.39 0.17 −0.48, 0.82 −0.36 −2.01, 1.28

Hypertension treatment
(Y/N)

−5.10 −9.12, −1.08 −3.23 −5.60, −0.85 −0.05 −0.39, 0.28 1.23 −0.27, 2.73 −9.94 −29.40, 9.48 0.38 −2.23, 2.99 −4.32 −10.30, 1.61

Stroke treatment (Y/N) 3.39 −7.22, 14.00 −5.25 −10.90, 0.41 0.44 −0.05, 0.93 0.59 −2.53, 3.72 −5.74 −39.50, 28.00 −0.54 −3.68, 2.60 −14.00 −28.80, 0.81

Diabetes treatment (Y/N) −0.99 −6.54, 4.56 3.02 −0.18, 6.22 −0.09 −0.51, 0.33 0.40 −1.23, 2.03 −4.56 −32.90, 23.80 2.47 −2.33, 7.26 3.21 −5.92, 12.30

Dyslipidemia treatment
(Y/N)

−1.73 −5.67, 2.22 −0.77 −2.74, 1.21 0.06 −0.18, 0.30 0.42 −0.71, 1.56 −12.70 −39.70, 14.20 0.07 −1.74, 1.87 −3.02 −11.60, 5.51

Current alcohol intake
(Y/N)

2.93 −1.85, 7.72 0.69 −1.88, 3.26 0.64 0.30, 0.97 1.86 0.35, 3.38 21.40 1.27, 41.50 0.70 −0.99, 2.40 −2.40 −9.73, 4.94

Current smoking (Y/N) −2.87 −10.40, 4.62 −1.84 −5.41, 1.73 −0.63 −1.18,−0.07 −2.06 −4.80, 0.69 −12.90 −51.30, 25.50 1.31 −1.94, 4.56 −1.48 −12.10, 9.15

Depressive symptoms,
pointse

−0.24 −0.73, 0.26 −0.09 −0.38, 0.20 −0.03 −0.08, 0.01 0.01 −0.17, 0.19 −0.60 −2.65, 1.45 0.04 −0.24, 0.32 −0.57 −1.39, 0.26

Abbreviations: CI, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein; N, no; Y, yes.
aWeight (kg)/height (m)2.
bWaist circumference wasmeasured only for persons under age 75 years.
c For “yes/no” variables, yes= 1 and no= 0.
d Age ≥75 years= 1; age 65–74 years= 0.
e Depressive symptoms were measured by a continuous Geriatric Depression Scale (31) score ranging from 0 to 15.
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Regarding the first explanation, we did not find an association
between loss of loved ones and changes in cardiometabolic risk.
This lack of long-term associations with health for loss of loved
ones is consistent with the existing evidence (24). Moreover,
there was no association between changes in Geriatric Depres-
sion Scale score and cardiometabolic risk. Thus, our results do
not seem to support the psychosocial explanation. Regarding
the second explanation, the associations with cardiometabolic
risk for home loss remained significant after adjustment for
changes in household income.

Notably, in our data, only complete housing destruction was
associated with deteriorated cardiometabolic risk, while we
found no association for less severe degrees of housing damage.
It is plausible that severity of housing damage is correlated with
the level of psychological trauma, as well as financial difficulty
(10, 11). However, we did not find a dose-response relationship
between severity of housing damage and cardiometabolic risk
markers. This leads us to conclude that there was some factor at
work that was unique to the situation of victims who experi-
enced complete housing destruction and forced residential
relocation.

In Iwanuma, people who experienced total property destruc-
tion lived closer to the coastline (see Figure 1). After the disaster,
the majority of survivors were relocated by the municipal author-
ities to temporary shelters that were built closer to the city center
(39). The new residential location also happened to be more con-
venient to the city center, offering a variety of options for dining
out. Hence, a change in the local food environment may have
contributed to the change in cardiometabolic risk profiles among
persons whose homes were destroyed (12). Moreover, relocation
after a natural disaster has been reported to be associated with
sleep deprivation (40, 41). Because sleep plays an important role
in regulating metabolism as well as appetite, long-term sleep
deprivation following relocation may have contributed to the
increased cardiometabolic risks (42–44).

Strengths of our study include the availability of predisaster
data on demographic characteristics and health status, assess-
ment of the different types/severity of disaster damage, and
pre-/postdisaster linkage with objective data on anthropomet-
ric measurements and biomarkers. Nonetheless, several lim-
itations should be noted. First, despite the adjustment for all
observed and unobserved time-invariant confounders using
fixed-effects regression, there may still have been residual
confounding by time-varying confounders that we could not
account for. For example, fish consumption, which has been
associated with better cardiometabolic health, may have been
greater among persons who lived in the coastal area before the
earthquake. When it is considered as a confounder rather than a
mediator, however, this would result in bias towards the null,
and thus, the present study underestimates the true causal effect
of home loss. Secondly, selection bias may remain. Although
we performed inverse probability weighting for censoring due
to lack of biomarker data, selection bias is still possible when
variables used in the calculation of stabilizedweights are insuffi-
cient. Third, the assumption of missingness at random may not
hold for our multiple imputation procedure for handlingmissing
data. However, we performed complete-case analysis using sub-
jects without any missing data (Web Table 5) and replicated the
same association between home loss and deteriorated cardiomet-
abolic risk factors, suggesting that our results were robust.

In conclusion, our natural experiment study demonstrated that
loss of homes was associated with a deteriorated cardiometabolic
risk profile 2.5 years after the 2011 Great East Japan Earthquake
among older adult survivors. Our finding suggests a need for
continued health checkups and support to maintain the cardio-
metabolic health of the victims. The long-term adverse impact of
natural disaster exposure on survivors’ cardiometabolic health
may be due to postdisaster relocation and resulting changes in
living environments. Although future studies assessing under-
lying mechanisms through which natural disaster exposure af-
fects the cardiometabolic health of survivors are warranted,
changes in people’s living environments may need to be con-
sidered in the planning of postdisaster evacuations.
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