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Oral health status is correlated with socioeconomic status. However, the causal nature of the relationship is not
established. Here we describe a natural experiment involving deteriorating socioeconomic circumstances following
exposure to the 2011 Great East Japan Earthquake and Tsunami. We investigated the relationship between sub-
jective economic deterioration and housing damage due to the disaster and tooth loss in a cohort of community-
dwelling residents (n = 3,039), from whom we obtained information about socioeconomic status and health status
in 2010 (i.e., predating the disaster). A follow-up survey was performed in 2013 (postdisaster), and 82.1% of the
4,380 eligible survivors responded. We estimated the impact of subjective economic deterioration and housing
damage due to the disaster on tooth loss by fitting an instrumental variable probit model. Subjective economic dete-
rioration and housing damage due to the disaster were significantly associated with 8.1% and 1.7% increases in
the probability of tooth loss (probit coefficients were 0.469 (95% confidence interval: 0.065, 0.872) and 0.103 (95%
confidence interval: 0.011, 0.196), respectively). In this natural experiment, we confirmed the causal relationship
between deteriorating socioeconomic circumstances and tooth loss.

change in economic status; instrumental variable analyses; natural disaster; natural experiment; oral health; tooth
loss

Abbreviations: IV, instrumental variable; JAGES, JapanGerontological Evaluation Study; SES, socioeconomic status.

Oral diseases are highly prevalent, and they pose a substan-
tial health burden throughout the world (1, 2). For example,
dental caries was the most prevalent disease in the Global Bur-
den of Disease Study 2010 (1). Furthermore, the burden of
oral disease, as expressed using disability-adjusted life years,
is increasing with the recent growth and aging of the global
population (1). The high prevalence of oral diseases was esti-
mated to impose direct treatment costs amounting to US$298
billion (4.6% of global health expenditures) in 2010 (3). Ac-
cordingly, understanding the determinants of oral health and
preventing oral diseases remain high priorities (4, 5).

Oral health is considered an exquisite mirror of social con-
ditions (4, 6, 7), and an increasing number of studies have
found that oral health problems are associated with low socio-
economic status (SES) (8–13). However, there is insufficient
evidence to infer a causal relationship between SES and oral

health, given the absence of evidence from interventions.
Indeed, some studies have suggested the possibility of reverse
causation, whereby poor oral health results in lower socioeco-
nomic mobility—for example, as a result of people with poor
teeth experiencing difficulties in the labor market (success in
job interviews) (14, 15). Randomized controlled trials would
be useful for examining this relationship. However, randomiz-
ing SES is difficult, for reasons of both ethics and feasibility.
Accordingly, an alternative is to find natural experiments that
cause an exogenous change in socioeconomic circumstances.

Natural experiment studies can provide strong causal evi-
dence, as the independent variable of interest (in our example,
deterioration of socioeconomic circumstances) happens semi-
randomly and independently of the outcome (16). Therefore,
this design can be useful for evaluating whether socioeco-
nomic circumstances causally affect oral health. Researchers
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have investigated the causal relationship between socioeco-
nomic circumstances and general health in several natural ex-
periments (17, 18), although we are not aware of any natural
experiment study that has investigated oral health.

In this context, Japan experienced the Great East Japan
Earthquake and Tsunami on March 11, 2011. This natural
disaster created a suitable setting for a natural experiment
study, as many people experienced financial loss due to the
disaster (e.g., job loss, housing loss, and other property
damage). For example, 51% of the survivors in a severely
affected area reported experiencing economic hardship after-
wards (19). Therefore, in this natural experiment study, we
aimed to investigate the associations between change in oral
health and worsened socioeconomic circumstances, which
were naturally assigned by the earthquake.

METHODS

Study population

The present study was performed as a part of an ongoing
nationwide prospective cohort study, the Japan Gerontological
Evaluation Study (JAGES). The JAGES cohort was originally
established to evaluate the social determinants of healthy aging
in a nationwide sample of community-dwelling seniors (20).
In the present study, we used data from one of the field sites of
the JAGES cohort: Iwanuma City, on the northeastern coast of
Japan. The baseline survey was conducted in Iwanuma in
August 2010 (i.e., 7 months before the disaster), using self-
administered questionnaires that were mailed to all residents
of the city aged ≥65 years. On March 11, 2011, Iwanuma was
just 80 km west of the earthquake epicenter, and the disaster
killed 186 persons and destroyed 5,428 houses (21). A second
survey was subsequently conducted in October 2013 (31
months after the disaster), and the investigators visited the sur-
vivors’ homes to gather information about postdisaster eco-
nomic circumstances and oral health.

Exposure: subjective economic deterioration and
housing damage by the disaster

We used 2 exposure measures: 1) self-rated economic
change after the disaster (a subjective indicator) and 2) severity
of housing damage, which was determined by local govern-
ment inspectors (an objective indicator used for the purposes
of survivor compensation). All participants in the present
study were aged ≥65 years; 82% were retired or not engaged
in paid work and were supported by their pension. In this con-
text, exposure to the disaster is likely to have worsened the
economic circumstances of the survivors via property damage
(e.g., loss of housing, cars) and the financial costs of rebuilding
lives, as opposed to direct loss of earnings stemming from job
loss. Self-rated economic change was evaluated by asking
the participants, “Was your economic situation affected by
the disaster?”, with possible responses ranging from: “became
worse,” “became partially worse,” “no change,” “partially
improved,” or “improved.” We combined “no change,” “par-
tially improved,” and “improved” into a single category because
the numbers of participants in these categories were low.
Government-assessed housing damage was evaluated by

asking the participants, “What was the official classification
of the damage to your house?”, which could be answered
with the possible responses “destroyed,” “major,” “minor,”
“partial,” or “no damage.”Damage level details are shown in
Web Table 1 (available at https://academic.oup.com/aje).

Outcome: tooth loss

Number of remaining teeth was obtained in categories: 0,
1–9, 10–19, or ≥20 teeth in the baseline survey and 0, 1–4,
5–9, 10–19, or ≥20 teeth in the follow-up survey. We com-
bined the follow-up survey categories of 1–4 teeth and 5–9
teeth into a single category of 1–9 teeth and then compared
the responses with those of the baseline survey. A response
of a low number of teeth at follow-up compared with the
number given at baseline was defined as tooth loss.

Covariates

The following baseline variables were considered as co-
variates: age (65–69, 70–74, 75–79, 80–84, or ≥85 years),
sex (male or female), equivalized annual household income
(tertiles: low, middle, and high), years of education (≤9,
10–12, or ≥13), and comorbidity (any of the following self-
reported comorbid conditions: cancer, heart disease, stroke,
hypertension, diabetes mellitus, hyperlipidemia, osteoporo-
sis, mental illness, or sleep disorder). We also considered the
following variables in the follow-up survey: loss of loved
ones because of the disaster (lost or not lost) and psychologi-
cal distress at follow-up, measured using the Kessler Psycho-
logical Distress Scale, truncated version (K6 scale) (none:
<5; moderate: 5–12; severe: ≥13) (22).

Analyses

To overcome residual confounding due to unmeasured con-
founders, we conducted instrumental variable (IV) analyses.
The goal of IV estimation is to mimic a randomized trial by
finding variable(s) in the data set which exogenously affect the
exposure (i.e., subjective economic deterioration and housing
damage) without directly affecting the outcome (tooth loss).

A valid IV must satisfy 3 conditions: It must be 1) inde-
pendent of all confounders, 2) associated with the exposure
of interest, and 3) independent of outcomes given the expo-
sure of interest and all confounders (23). In our study, we
used distance from the coastline as our instrument. Dis-
tance of each participant’s residence from the coast was a
powerful predictor of tsunami damage (and hence, prop-
erty destruction and loss of wealth)—yet it ought not to
have been directly correlated with tooth loss. We calcu-
lated the inverse of the distance from the coastline to each
resident’s address at baseline using geographic informa-
tion systems and used this as an IV for subjective economic
deterioration and housing damage. The covariate balance
was evaluated using balancing plots (24). The IV probit
analysis was carried out in 2 stages. In the first stage,
“disaster damage” is instrumented by the distance variable.
In the second stage, the instrumented values for disaster
damage are then plugged into the equation predicting the
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outcome (tooth loss). Our causal parameter of interest is
therefore β1:

= + π ( )
+ π ( ) + ( )
b

e
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We fitted this model by employing the conditional maximum
likelihood, which simultaneously estimates equations 1 and

Eligible for the Follow-up Survey
(n = 4,380)

Invalid Consent (n = 27)

Enrollments for the Baseline Survey
(n = 8,576)

Valid Respondents
(n = 4,957)

Invalid ID, Sex, or Age (n = 101)

Lost to Follow-up (n = 577)
Died in the disaster (n = 34)
Died from other causes (n = 400) 
Moved out (n = 92)
Address unknown (n = 17)
Too sick to be included (n = 34)

No Response (n = 786)

No Response (n = 3,518)

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

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

Analytical Panel Sample
(n = 3,039)

Excluded from Analytical Sample (n = 528)
Edentulousness at baseline (n = 406)
Missing information on no. of remaining
     teeth at baseline (n = 63)
Missing information on no. of remaining
     teeth at follow-up (n = 59)

Baseline Survey in
August 2010

Follow-up Survey in
October 2013 

Panel Sample (n = 3,567)

Earthquake and
Tsunami

on March 11, 2011

Figure 1. Selection of participants for a study of lowered socioeconomic circumstances and tooth loss after the 2011 Great East Japan Earth-
quake and Tsunami, Iwanuma, Japan, 2010–2013. ID, identification.
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2 with equation 1 as the probit function form. Conditional
maximum likelihood has an advantage compared with 2-
stage least-squares estimation because conditional maximum
likelihood can estimate average partial effects without retrans-
formation (25, 26). The strength of the correlation between
distance from the coastline (inverse distance) and damage
from the disaster (disaster damage)—that is, subjective eco-
nomic deterioration or housing damage—was evaluated by
means of the F statistic, testing for the significance of π1 in
equation 2. It is suggested that the F statistic should exceed
10. There was a significant correlation between subjective eco-
nomic deterioration and housing damage (Spearman’s ρ= 0.36,
P < 0.001). Therefore, we constructed models with either sub-
jective economic deterioration or housing damage. As sensi-
tivity analyses, we conducted IV analyses with 2-stage least
squares and conducted multivariable probit regression analy-
ses in which subjective economic deterioration and housing
damage were treated as categorical variables.

Complete-case analyses and analyses with multiple impu-
tation were conducted. In the multiple imputation procedure,
we created 20 multiply imputed data sets by imputing miss-
ing information on explanatory variables, assuming that data
were missing at random and using the multivariate normal
imputation method. These estimated parameters were then
combined using Rubin’s combination methods (27, 28). The
prevalence of missing information for each variable is shown
inWeb Table 2. All analyses were performed using Stata soft-
ware (version 13.1; StataCorp LP, College Station, Texas),
with the specific programs “ivprobit” (29) and “margins” for
postestimation (30) at a significance level of 0.05.

Ethical considerations

Ethical approval for this study was obtained from the Human
Subjects Committee of the Harvard T. H. Chan School of
Public Health, the Ethics Committee of the Tohoku University
Graduate School of Medicine, the Research Ethics Committee
of the Graduate School of Medicine of Chiba University, and
the Research Ethics Committee involving Human Participants
of Nihon Fukushi University. Informed consent was obtained
from the participants via mail for the baseline survey and was
obtained in person for the follow-up survey.

RESULTS

Figure 1 shows the flow of participants in the present study.
The baseline survey in 2010 was completed by 5,058 partici-
pants (response rate = 59.0%). Among the 4,380 eligible sur-
vivors, 82.1% completed the follow-up survey, although we
excluded cases with invalid informed consent responses,
which provided us with 3,567 records. We included 3,039
participants in the analyses after excluding participants who
had no teeth at baseline or were missing information on their
number of teeth either at baseline or in the follow-up survey.
Respondents with more severe housing damage exhibited a sig-
nificantly higher prevalence of subjective economic difficulty
(Figure 2;P< 0.001). The analytical sample comprised 3,039 in-
dividuals (mean age at baseline= 72.9 years; 45.1%weremen).

Table 1 shows the participants’ characteristics and their
associations with tooth loss. The incidence rate for tooth loss

was 8.2%. Survivors with subjective economic difficulty or
housing damage due to the disaster exhibited higher inci-
dences of tooth loss.

Web Table 3 and Web Figure 1 show the covariate distri-
bution and covariate balance plot (24) according to instru-
ment and actual disaster damage. The covariate balance was
improved in IV analyses.

Tables 2 and 3 show the association between tooth loss and
subjective economic deterioration or housing damage ob-
tained from IV probit analyses after applying multiple imputa-
tions. A significant association between subjective economic
deterioration and tooth loss was observed. The average partial
effect was 0.081, which translates to an 8.1% increase in the
probability of tooth loss per increment in subjective economic
deterioration (Table 2). The F statistic was 144.33, suggesting
a sufficient correlation between the IV and the exposure vari-
able (Table 2). A significant association was observed between
housing damage due to the disaster and tooth loss. The average
partial effect was 0.017, which translates to a 1.7% increase in
the probability of tooth loss per increment in housing damage
(Table 3). The F statistic was 1,622.93, suggesting a sufficient
correlation between the IV and the exposure variable (Table 3).
Loss of a loved one was not significantly associated with tooth
loss (Tables 2 and 3).

The sensitivity analyses produced similar results. Results
from IV analyses with 2-stage least squares estimation are
shown in Web Tables 4 and 5; results from multivariable
probit regressions (without IV) treating disaster damage as a
categorical variable (not statistically significant) are shown
in Web Tables 6 and 7; and results from complete-case
analyses are shown inWeb Tables 8–13.

0

10

20

30

40

50

60

70

Half or MorePartly DamagedNo Damage

Pr
ev

al
en

ce
 o

f 
E

co
no

m
ic

 D
if

fi
cu

lty
, %

Severity of Housing Damage

Figure 2. Correlation between economic difficulty and severity of
housing damage after the 2011 Great East Japan Earthquake and
Tsunami (n = 3,428), Iwanuma, Japan, 2010–2013. The government-
assessed level of housing damage was evaluated by asking the parti-
cipants, “What was the official classification of the damage to your
house?”. Possible responses were “destroyed,” “major,” “minor,” “par-
tial,” or “no damage.” Participants with missing information on either
subjective deterioration of economic circumstances or housing dam-
age were excluded. χ2 test:P< 0.001.
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DISCUSSION

The present natural experiment provides evidence that wors-
ened economic circumstances (measured by subjective eco-
nomic deterioration or housing damage) are associated with
tooth loss. IV analyses showed a significant association between

worsened economic circumstances and tooth loss; however,
multivariable analyses (without IV) did not. This suggests
the existence of unmeasured confounding in the multivari-
able model. We were able to overcome this problem through
the use of IV analyses taking advantage of an exogenous

Table 1. Demographic Characteristics of Participants and Their AssociationWith Tooth Loss After the 2011Great
East Japan Earthquake and Tsunami (n= 2,332), Iwanuma, Japan, 2010–2013

Characteristic

Tooth Loss
Total No.
of PersonsNo Yes

No. % No. %

Subjective deterioration of economic circumstances

No change/improved 1,672 92.6 133 7.4 1,805

Became partially worse 342 89.5 40 10.5 382

Becameworse 127 87.6 18 12.4 145

Housing damage

No damage 897 92.1 77 7.9 974

Partial 946 92.4 78 7.6 1,024

Minor 151 91.0 15 9.0 166

Major 76 90.5 8 9.5 84

Destroyed 71 84.5 13 15.5 84

Sex

Male 1,032 90.7 106 9.3 1,138

Female 1,109 92.9 85 7.1 1,194

Age group, years

65–69 846 93.7 57 6.3 903

70–74 620 90.9 62 9.1 682

75–79 408 91.9 36 8.1 444

80–84 194 90.7 20 9.3 214

≥85 73 82.0 16 18.0 89

Tertile of predisaster income

Low 718 89.8 82 10.3 800

Middle 716 92.7 56 7.3 772

High 707 93.0 53 7.0 760

Years of education

≤9 634 90.2 69 9.8 703

10–12 1,008 92.8 78 7.2 1,086

≥13 499 91.9 44 8.1 543

Comorbid conditions before disaster

No 743 91.6 68 8.4 811

Yes 1,398 91.9 123 8.1 1,521

Loss of loved ones in disaster

Lost 824 92.0 72 8.0 896

Not lost 1,317 91.7 119 8.3 1,436

Psychological distress after disaster

None 1,323 93.0 100 7.0 1,423

Moderate 732 90.3 79 9.7 811

Severe 86 87.8 12 12.2 98

Total 2,141 91.8 191 8.2 2,332
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natural disaster situation. Our findings strengthen the causal
interpretation of the effect of deteriorating socioeconomic
circumstances on oral health. We also found that housing dam-
age (an objective indicator of loss of wealth) was significantly
associated with tooth loss.

The association between low SES and poor oral health has
been amply documented in both cross-sectional and longitu-
dinal studies (8, 31, 32). A meta-analysis of 2 cross-sectional
studies and 10 cohort studies found a significant association

between low income and tooth loss (12). However, those
studies were observational, and hence it is difficult to infer
causality. In contrast, the present natural experiment provided
causal evidence regarding the relationship between deteriora-
tion of socioeconomic circumstances due to disaster damage
and tooth loss.

The conceptual mediators of the effect of SES on oral
health include material deprivation, psychosocial distress,
and behavioral and biological factors, as well as health-care

Table 2. Association Between Subjective Deterioration of Economic Circumstances and Tooth Loss Following the 2011 Earthquake in an
Instrumental Variable AnalysisWith Conditional Maximum Likelihood, After Application of Multiple Imputation (n= 3,039), Iwanuma, Japan,
2010–2013

Variable

Multivariable Probit
Regression (Without IV)

Conditional Maximum Likelihood
Average Partial Effect

First Stage Second Stage

B 95%CI B 95%CI B 95%CI Probability 95%CI

Subjective economic
deterioration (ranging from
“no change/improved” (1) to
“becameworse” (3))

0.082 −0.027, 0.191 0.469 0.065, 0.872 0.081 0.005, 0.157

Distance from coastline, km−1 a 0.314 0.263, 0.365

Sex

Male 0 Referent 0 Referent 0 Referent 0 Referent

Female −0.114 −0.242, 0.013 −0.051 −0.090,−0.012 −0.092 −0.221, 0.036 −0.016 −0.038, 0.006

Age group, years

65–69 0 Referent 0 Referent 0 Referent 0 Referent

70–74 0.162 −0.001, 0.325 −0.044 −0.092, 0.004 0.175 0.015, 0.336 0.030 0.002, 0.058

75–79 0.192 0.012, 0.372 −0.101 −0.156,−0.047 0.231 0.050, 0.411 0.040 0.008, 0.072

80–84 0.248 0.029, 0.467 −0.122 −0.192,−0.053 0.295 0.075, 0.514 0.051 0.012, 0.090

≥85 0.560 0.279, 0.842 −0.135 −0.235,−0.034 0.601 0.322, 0.880 0.104 0.054, 0.154

Tertile of predisaster income

Low 0 Referent 0 Referent 0 Referent 0 Referent

Middle −0.182 −0.356,−0.008 −0.159 −0.210,−0.108 −0.110 −0.299, 0.079 −0.019 −0.051, 0.013

High −0.161 −0.334, 0.012 −0.180 −0.233,−0.127 −0.081 −0.271, 0.108 −0.014 −0.046, 0.018

Years of education

≤9 0 Referent 0 Referent 0 Referent 0 Referent

10–12 −0.110 −0.260, 0.039 −0.083 −0.131,−0.036 −0.059 −0.217, 0.100 −0.010 −0.037, 0.017

≥13 −0.054 −0.237, 0.129 −0.119 −0.176,−0.062 0.011 −0.182, 0.204 0.002 −0.032, 0.035

Comorbid conditions before
disaster

No 0 Referent 0 Referent 0 Referent 0 Referent

Yes −0.096 −0.232, 0.039 0.021 −0.021, 0.063 −0.105 −0.238, 0.029 −0.018 −0.041, 0.005

Loss of loved ones in disaster

Not lost 0 Referent 0 Referent 0 Referent 0 Referent

Lost −0.063 −0.196, 0.071 0.133 0.092, 0.174 −0.130 −0.278, 0.018 −0.023 −0.049, 0.004

Psychological distress after
disaster

None 0 Referent 0 Referent 0 Referent 0 Referent

Moderate 0.174 0.038, 0.310 0.188 0.147, 0.230 0.090 −0.070, 0.251 0.016 −0.011, 0.043

Severe 0.165 −0.136, 0.466 0.394 0.295, 0.493 −0.006 −0.352, 0.340 −0.001 −0.061, 0.059

Abbreviations: CI, confidence interval; IV, instrumental variable.
a F statistic in first stage of IV analysis= 144.33.
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systems (33). In addition, there are some plausible biologi-
cal pathways connecting SES and tooth loss. For example,
experiencing economic difficulty is associated with increased
psychological distress (34), and psychological distress can
affect immune function (35), thereby raising the risk of peri-
odontal disease (36), which is one of the biggest causes of
tooth loss among older people (37). In the context of the pres-
ent study, survivors of the 2011 Great East Japan Earthquake
and Tsunami were likely to have encountered economic chal-
lenges, limited day-to-day resources, and stressors. More-
over, low SES status is a barrier to health-care access (38).

Reduced access to dental care among survivors with wors-
ened economic conditions might have contributed to tooth
loss. This suggests that policies which ensure access to
health care are needed for disaster survivors. After the 2011
earthquake and tsunami, the Japanese government provided
free health care to survivors who were severely affected
by the disaster; 1.4% of the present study’s participants re-
ported that they could not visit a dental clinic because of
disaster damage (results are not shown). Oral health would
have been even worse among the survivors if this policy
had not been implemented.

Table 3. Association Between Housing Damage and Tooth Loss Following the 2011 Earthquake in an Instrumental Variable AnalysisWith
Conditional Maximum Likelihood, After Application of Multiple Imputation (n= 3,039), Iwanuma, Japan, 2010–2013

Variable

Multivariable Probit
Regression (Without IV)

Conditional Maximum Likelihood
Average Partial Effect

First Stage Second Stage

B 95%CI B 95%CI B 95%CI Probability 95%CI

Housing damage (ranging
from “no damage” (1) to
“destroyed” (5))

0.060 −0.003, 0.123 0.103 0.011, 0.196 0.017 0.002, 0.033

Distance from coastline, km−1 a 1.463 1.392, 1.534

Sex

Male 0 Referent 0 Referent 0 Referent 0 Referent

Female −0.119 −0.247, 0.009 −0.003 −0.058, 0.053 −0.119 −0.247, 0.008 −0.020 −0.041, 0.001

Age group, years

65–69 0 Referent 0 Referent 0 Referent 0 Referent

70–74 0.164 0.001, 0.326 −0.083 −0.152,−0.014 0.167 0.004, 0.329 0.028 0.001, 0.055

75–79 0.187 0.007, 0.366 −0.025 −0.101, 0.052 0.190 0.010, 0.369 0.031 0.002, 0.061

80–84 0.243 0.024, 0.462 −0.078 −0.175, 0.020 0.250 0.031, 0.469 0.041 0.005, 0.078

≥85 0.557 0.276, 0.838 −0.138 −0.279, 0.004 0.564 0.283, 0.845 0.094 0.047, 0.140

Tertile of predisaster income

Low 0 Referent 0 Referent 0 Referent 0 Referent

Middle −0.191 −0.364,−0.018 −0.030 −0.100, 0.039 −0.186 −0.359,−0.013 −0.031 −0.060,−0.002

High −0.174 −0.346,−0.003 0.022 −0.048, 0.093 −0.172 −0.344,−0.001 −0.029 −0.057,−0.000

Years of education

≤9 0 Referent 0 Referent 0 Referent 0 Referent

10–12 −0.105 −0.255, 0.046 −0.071 −0.138,−0.005 −0.092 −0.244, 0.060 −0.015 −0.040, 0.010

≥13 −0.054 −0.236, 0.129 −0.043 −0.124, 0.037 −0.042 −0.226, 0.142 −0.007 −0.037, 0.024

Comorbid conditions before
disaster

No 0 Referent 0 Referent 0 Referent 0 Referent

Yes −0.096 −0.232, 0.039 0.025 −0.034, 0.085 −0.099 −0.235, 0.036 −0.016 −0.039, 0.006

Loss of loved ones in disaster

Not lost 0 Referent 0 Referent 0 Referent 0 Referent

Lost −0.072 −0.207, 0.063 0.197 0.140, 0.255 −0.089 −0.227, 0.048 −0.015 −0.038, 0.008

Psychological distress after
disaster

None 0 Referent 0 Referent 0 Referent 0 Referent

Moderate 0.180 0.046, 0.314 0.153 0.094, 0.212 0.169 0.033, 0.304 0.028 0.006, 0.050

Severe 0.181 −0.118, 0.480 0.205 0.066, 0.343 0.163 −0.138, 0.464 0.027 −0.023, 0.077

Abbreviations: CI, confidence interval; IV, instrumental variable.
a F statistic in first stage of IV analysis= 1,622.93.

Am J Epidemiol. 2017;186(1):54–62

60 Matsuyama et al.



Surprisingly, loss of loved ones in the disaster was not sig-
nificantly associated with tooth loss. This result is consistent
with previous studies performed after the earthquake which
showed that loss of loved ones in the disaster was not associ-
ated with dementia onset or depressive symptoms (39, 40).
There are 2 possible reasons for this result: 1) the difference
between the 2 types of disaster damage—deterioration of
economic circumstances and loss of a loved one—might
suggest that survivors could get over psychological loss but
economic difficulty might burden survivors long-term; and
2) lack of information on the frequency of social interaction
between the respondent and the relatives/friends who were
lost at baseline. If we had been able to consider the frequency
of social interaction at baseline, loss of relatives/friends might
have been associated with tooth loss.

Our study included several strengths, such as the availabil-
ity of pre- and postdisaster data among survivors, as well as
our ability to leverage the “natural experiment” of wealth and
income loss stemming from the experience of disaster. We
applied IV analyses to overcome the problem of unmeasured
confounding. On the other hand, our study also had several
limitations that warrant consideration. First, the data regarding
economic status and oral health were self-reported, although a
previous study found that self-reporting of number of teeth
was validated by clinical dental examinations (41). Second,
we did not measure dental caries and periodontal disease at
baseline, which are risk factors for tooth loss at follow-up;
however, our IV analysis enabled us to control for these
unmeasured confounders. Third, the follow-up period might
have been too short to detect tooth loss. However, in a US
study, Gilbert et al. (42) performed clinical examinations of
adults aged ≥45 years, and 24% of them lost 1 or more teeth
within 2 years, which would indicate that the 3-year follow-
up period in the present study was sufficient to detect tooth
loss. Fourth, we did not simultaneously include subjective
economic deterioration and housing damage because of col-
linearity between these two variables; it is also difficult to iso-
late the effects of 2 variables using only 1 instrument. Due to
the model’s design, the models with each exposure ignore the
other exposure’s effect on tooth loss. Fifth, this study only
considered the effects of a single natural disaster. The external
validity of these findings is limited.

In conclusion, our results indicate that deteriorating eco-
nomic circumstances were associated with poor oral health
among survivors of the 2011 Japanese earthquake. The pres-
ent findings from this natural experiment study strengthen
causal inference about the effect of SES on oral health.
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