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Abstract
Objective: As status of rheumatoid arthritis (RA) is highly affected by environmental factors, a catastrophic dis-

aster may also affect RA activity. Herein we conducted a retrospective cohort study in the disaster area of the

2011 triple disaster in Fukushima, Japan: an earthquake, tsunamis and a nuclear accident.

Methods: Clinical records of RA patients who attended a hospital near the Fukushima Daiichi Nuclear Power

Plant were collected. For those who underwent whole-body counter testing, internal radiation exposure levels

were also collected. As clinical parameters may fluctuate in the absence of a disaster, changes in values before

and after the disaster were also compared. Logistic regression was conducted to identify factors affecting RA

status.

Results: Fifty-three patients (average age, 64.2 years; females, 83%; average disease duration, 15.7 years) were

included in the study. Five patients lived within the no-entry zone, 37 evacuated immediately after the disaster,

and four temporarily stopped RA treatment. The proportions of patients who showed worsened tender joint

counts, swollen joint counts and rheumatoid factor values were significantly higher after the disaster compared

to those before. Among the 16 patients who underwent whole-body counter testing, only one showed a detect-

able, but negligible, radioactive cesium level. Use of methotrexate was identified as a possible preventive factor

for RA exacerbation in this setting.

Conclusion: This is the first study to analyze detailed profiles of RA patients after a disaster. As methotrexate

may prevent disease exacerbation, continuity of care for this common chronic disease should be considered in

disaster settings.
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INTRODUCTION

Disasters can impact population health in many ways.

The health problems that emerge after a disaster are not

limited to incidental injuries and acute illnesses associ-

ated with disaster damage; rather, secondary events

associated with disasters, such as air pollution, mental

stress, lifestyle changes and medication loss, may indi-

rectly lead to exacerbation of chronic diseases, espe-

cially non-communicable diseases (NCDs), among

residents of the disaster area.1 With the increasing glo-

bal burden of NCDs,2 understanding the impact of a
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disaster on NCDs is critical to the creation of an effec-

tive disaster mitigation plan for maintaining population

health. However, thus far little evidence is available

regarding the impact of a disaster on NCDs.

Rheumatoid arthritis (RA) affects about 0.5–1% of

the general population3 and contributes about 20% of

years lived with disability worldwide.4 RA is character-

ized by joint inflammation associated with pain and

stiffness, which can lead to severe morbidity.3 As an

autoimmune disease, RA disease status is affected by a

variety of external factors that stimulate immune

responses; for example, air pollution,5 mental stress6

and lifestyle factors such as smoking and eating habits,7

have been reported to affect joint inflammation in RA

patients.

As huge disasters threaten the livelihood of residents

in the affected area, they also inevitably influence the

living environment of the residents, thereby affecting

RA incidence and status. Factors affecting RA activity

may include poor living conditions such as poor sanita-

tion and unhealthy foods at shelters and temporary

housing, mental stress caused by loss of family mem-

bers and possessions, and inactivity due to job loss. In

addition, as shelters and temporary housings are often

poorly designed for people with disabilities, worsening

of joint inflammation may cause further impairment of

daily life among patients with RA. Therefore, preven-

tion of RA onset and exacerbation after disasters is

important for mitigation of the impact of the disaster

on at-risk individuals.

A questionnaire-based study showed that property

damage caused by disasters tends to be associated with

deteriorated functional status in RA patients,8 while

another study reported no significant difference in RA

status based on measurement of the erythrocyte sedi-

mentation rate (ESR) titer before and after natural disas-

ters.9 An increase in the incidence rate of RA among the

World Trade Center rescue/recovery workers after the

2001 terrorist attack10 has also been reported. However,

only a limited number of reports have assessed fluctua-

tions in RA status following disasters.

The 2011 Great East Japan Earthquake and the fol-

lowing Fukushima Daiichi Nuclear Power Plant (NPP)

accident was a complex disaster consisting of an earth-

quake, tsunamis and radiation contamination. This tri-

ple disaster brought unforeseen public health

challenges to the disaster area. Major health issues have

arisen through social disruption, caused largely by fear

of radiation. In addition, long-term displacement due

to evacuation orders posed health risks such as mental

stress and inactivity among affected residents. Mental

stress was also caused by stigmatization against radia-

tion and job losses among farmers and fishermen in

radiation-contaminated areas.

Such situations contribute to the assumption that RA

status worsens, with an increase in RA incidence, after

disasters. Not only stressors by natural disasters but also

radiation exposure may affect the immune profiles of

patients and thus lead to inflammation flare. A system-

atic study on autoantibodies among atomic-bomb sur-

vivors in Hiroshima and Nagasaki at 1987 showed

higher radiation exposure level was significantly associ-

ated with higher titer of rheumatoid factor (RF)

40 years after the exposure,11 although no increase in

incidence of RA has been reported.12 However, the situ-

ation in Fukushima is quite different from that in Hir-

oshima and Nagasaki with regard to radiation exposure

level. Excessive radiation exposure level of the residents

in Fukushima within a year after the NPP accident was

assumed to be much lower than that for the atomic

bomb survivors, as 23 mGy at maximum for external

exposure and 3 mGy at maximum for internal expo-

sure,13,14 and little, if any, excessive radiation exposure

occurred thereafter.15 By contrast, the average and maxi-

mum radiation exposure level among atomic-bomb

survivors were estimated as 0.19 Gy (190 mGy) and

50 Gy (50 000 mGy), respectively.11 Incremental exter-

nal radiation exposure levels among Fukushima resi-

dents due to the NPP accident have been < 1 mSv/

year,16 which is the upper limitation dose recom-

mended by the Japan National Government; and no

reports have described the impact of low-dose radiation

exposure on RA status. Therefore, it would be interest-

ing to assess whether such low-dose radiation exposure

impacted immune profiles and/or affected autoimmune

disease activity.

This study was undertaken to assess disease status

among RA patients after the triple disaster using their

clinical data at a hospital near the Fukushima Daiichi

NPP. The present results address the importance of

maintaining provision of healthcare for common NCDs

in disaster settings.

METHODS
The situation
On 11 March, 2011, an earthquake of magnitude 9.0

and subsequent tsunamis up to 14 m in height struck

the northeast coast of Japan. The tsunamis disabled the

cooling system of the reactors of the Fukushima Daiichi

NPP in Fukushima Prefecture, Japan. The meltdown

started soon after the tsunamis, and the first visible
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explosion, which was suspected to be caused by a

hydrogen gas leak, occurred on 12 March. Over the fol-

lowing 3 weeks, several suspected hydrogen detona-

tions occurred.

Immediately after the accident, the Japanese National

Government designated evacuation zones. The area

within the 20 km radius of the NPP was labelled as a

no-entry zone, and the 20–30 km radius of the NPP

was labelled as an ‘indoor evacuation’ zone. Minami-

soma City is located 10–40 km from the NPP (Fig. 1).

Approximately 70 000 residents in the area were man-

dated to evacuate and about 15 000 were recom-

mended to stay inside their homes (indoor evacuation)

to avoid excessive external radiation exposure. In addi-

tion, residents whose houses were destroyed by the tsu-

nami had to evacuate to shelters. In Minamisoma City,

631 out of 70 000 residents were killed, and 2875

houses were washed away by the tsunami before the

evacuation order was made. During this social havoc,

mass evacuation occurred in this area due to fear of

radiation and security concerns, even though evacua-

tion from the indoor evacuation zone was voluntary.

Minamisoma Municipal General Hospital in Fukush-

ima, which is located about 24 km from the Fukushima

Daiichi NPP, is the nearest hospital to the evacuation

zone (Fig. 1). Therefore, detailed records of the physical

condition, evacuation status and laboratory data of RA

patients both before and after the disaster were avail-

able.

Target patients
Medical records of patients who visited the Department

of Rheumatology, Minamisoma Municipal General

Hospital were collected. Patients were included in the

study if both of the following criteria were fulfilled:

� a diagnosis of RA had been made before the disaster

and

� clinical and laboratory data within 6 months before

the disaster and within 1 year after the disaster were

available.

Clinical data

Standardized score for RA disease activity, such as Dis-

ease Activity Score of 28 joints (DAS28) and Simple

Disease Activity Index (SDAI), was not available from

the clinical record. The following data were extracted

from medical records:

� background data: age, gender, disease duration, Stein-

brocker stage, Steinbrocker functional class and

postal address

� medications before and after the disaster

� situation at the time of the disaster: evacuation status,

whether or not patients were seen by other physicians

and medication losses

Figure 1 Map of the evacuation zones and the hospital location. Asterisk represents the location of the Fukushima Daiichi
Nuclear Power Plant. Solid line is the border of the no entry zone (20 km radius) and dotted line is the border of the planned
evacuation zone (30 km radius).
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� disease activity data:

o number of tender joints (tender joint count

[TJC])

o number of swollen joints (swollen joint count

[SJC])

o laboratory findings: titers of C-reactive protein

(CRP), rheumatoid factor (RF), matrix metallo-

proteinase-3 (MMP-3), and ESR.

Internal radiation exposure data
In Minamisoma City, a free screening program for inter-

nal radiation exposure from radioactive cesium (Cs-134

and Cs-137) using whole-body counters (Fastscan

Model 2251, Canberra Inc, Meriden, CT, USA) was pro-

vided beginning in July 2011. For individuals who were

screened, the internal contamination levels of radioac-

tive cesium were also collected. Detection limits of the

system were set to 220 Bq for Cs-134 and 250 Bq for

Cs-137 following a 2 min scan.

Statistical analyses
All statistical analyses were conducted using the STATA/

SE 13.1 (StataCorp LP, College Station, TX, USA), and a

P-value < 0.05 was considered statistically significant.

Comparison of RA activity before and after the disaster

For each clinical parameter, the titers from the second

to the last visit before the disaster (pre-pre), titers from

the last visit before the disaster (pre), and titers from

the first visit after the disaster (post) were obtained.

Then, absolute pre- and post-titers were compared using

a paired t-test.

Comparison of change in activity

Among RA patients, clinical parameters fluctuate even

in the absence of a disaster. Therefore, this study also

compared changes in values before and after the disas-

ter. Changes were calculated as shown in Figure 2 and

the formula below.

Changes in values were calculated as follows:

Dpre ðvalueÞ ¼ pre ðvalueÞ � pre-pre ðvalueÞ

Dpost ðvalueÞ ¼ post ðvalueÞ � pre ðvalueÞ

Values of Dpre and Dpost for each parameter were

then compared using a paired-t-test.

Identification of risks of increased RA activity

Changes in values were categorized as either positive

(increased) changes or no changes. The risks of each

parameter decreasing in value were calculated using

logistic regression. Odds ratios (ORs) and correspond-

ing 95% confidence intervals (CIs) and P-values were

reported where applicable.

Ethics consideration
This study was approved by the ethics committee at the

Minamisoma Municipal General Hospital.

RESULTS

In total, 53 patients fulfilled the inclusion criteria. The

average age at the time of the disaster was 64.2 years,

83.0% of patients were female. Backgrounds of the

included patients are shown in Table 1. About 60% of

the patients suffered from RA for longer than 10 years.

Presumably because of this relatively long disease dura-

tion, more than a half of the patients were in Stein-

brocker stage IV and about 70% had some difficulty in

daily life (Steinbrocker functional class II or higher).

Although only six (11.3%) patients lived in the no-

entry zone, 37 (69.8%) patients evacuated immediately

after the disaster and four (7.5%) patients temporarily

stopped treatment. Twenty-nine (54.7%) of patients

were temporarily seen by physicians (‘Changed physi-

cians’ in Table 1) at other hospitals. During pre-disaster

visit and post-disaster visit, one patient experienced

temporal medication loss, and another patient was

given increased dose of MTX after the disaster (6 mg/

week before the disaster and 8 mg/week after). Other

patients continued the same dose of anti-rheumatic

drugs.

Comparisons for each clinical parameter are shown

in Table 2. SJC significantly increased after the disaster,

and the change in SJC was also significantly higher in

the Dpost period compared with the Dpre period. The

proportions of worsened TJC, SJC, ESR and RF values

were significantly higher after the disaster (Dpost) com-

pared to those before (Dpre). However, the MMP-3 titer

showed no increase during the period.

Then risk factors/beneficial factors were analyzed

using logistic regression (Table 3). Concomitant use of

MTX significantly decreased the risk of worsened RFFigure 2 Scheme of data collection time points.
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(OR: 0.23, 95% CI: 0.06–0.92), while no apparent risk

factor was identified for other parameters. Higher ESR

titer before the disaster was also associated with low risk

of worsened ESR (OR: 0.95, 95% CI: 0.92–0.99). Age,
gender, evacuation status, temporary change of physi-

cian, and prednisolone usage did not appear to affect

the increase. Backgrounds of MTX users and non-users

were compared in Table 4. MTX users were significantly

younger than non-users. No significant differences were

observed in other parameters.

Among the 53 patients, 16 (30%) underwent whole-

body counter tests. To assess whether a volunteer bias

existed among those who underwent whole-body coun-

ter tests, the backgrounds of the 16 patients in Table 4

and those of the remaining patients were compared

using a Student’s t-test; no significant differences were

observed (data not shown). Only one 76-year-old man,

who underwent the examination 283 days after the

accident, showed a detectable but negligible level of

radioactive cesium (Cs-134, 227 Bq/body; Cs-137,

177 Bq/body); he experienced an increased SJC and

increased ESR and RF titers, but no increase in CRP or

MMP-3 (Table 5).

DISCUSSION

This is the first study to compare both clinical and labo-

ratory data of RA patients before and after a disaster.

Even though temporary discontinuation of treatment

was rare (7.5%), about half the patients experienced

deterioration of either subjective symptoms or labora-

tory data. Furthermore, for some parameters, the deteri-

oration appeared to be accelerated by the disaster.

Clinical parameters other than MMP-3 worsened after

the disaster. Considering that medication was changed

Table 1 Rheumatoid arthritis patient background (N = 53)

Category Number %

Age (years old)

41–50 6 11.3

51–60 15 28.3

61–70 14 26.4

71–80 12 22.6

81+ 6 11.3

Gender

Female 44 83.0

Male 9 17.0

Duration (years)

< 2 2 3.8

2–5 5 9.4

6–10 12 22.6

11–20 22 41.5

21–30 5 9.4

31+ 7 13.2

Steinbrocker stage

I 3 5.7

II 3 5.7

III 12 22.6

IV 29 54.7

Unknown 6 11.3

Steinbrocker functional classification

I 17 32.1

II 22 41.5

III 9 17.0

IV 1 1.9

Unknown 4 7.5

Treatment

PSL usage 36 67.9

MTX usage 42 79.2

Biologics usage 18 34.0

Distance from the Fukushima Daiichi NPP

< 20 km 6 11.3

20–30 km 32 60.4

> 30 km 15 28.3

Evacuation

Yes 37 69.8

No 13 24.5

Unknown 3 5.7

Changed physician

Yes 29 54.7

No 22 41.5

Unknown 2 3.8

Medication loss

Yes 4 7.5

No 47 88.7

Unknown 2 3.8

Days from pre-pre visit to pre visit

< 30 days 5 9.4

30–60 days 11 20.8

Table 1 (continued)

Category Number %

60–90 days 13 24.5

90–120 days 14 26.4

120–180 days 10 18.9

Days from pre visit to post visit

< 30 days 0 0.0

30–60 days 8 15.1

60–90 days 13 24.5

90–120 days 7 13.2

120–180 days 14 26.4

> 120 days 11 20.8

MTX, methotrexate; NPP, nuclear power plant; PSL, prednisolone.
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for only two patients during the period, this deteriora-

tion might be attributed to the direct and indirect

impacts of the disaster.

Increase in RF titre after 40 years from radiation

exposure was observed among the atomic bomb sur-

vivors in Hiroshima and Nagasaki,11 although some

researchers raise the possibility that it was attributed to

chronic infections that stimulate antibody produc-

tion.17 It is therefore conceivable that massive exposure

of radiation immediately after the atomic-bomb attack

did change the immune profile of the survivors. Even

so, the level of radiation exposure was much lower

among patients living in Fukushima. Although 71.7%

of patients lived within a 30 km radius of the NPP, only

one patient showed a detectable level of radiation expo-

sure. He is the oldest among the RA patients, and the

date of examination is relatively earlier. Therefore, it is

possible that slow metabolism due to high age affected

the positivity. The patient also experienced increased

RA activity, but it is too early to conclude that such a

low dose of radiation impacted his disease status.

Rather, considering that a majority of the patients expe-

rienced deterioration of clinical parameters, it is unli-

kely that radiation exposure alone was a major cause of

RA flare in the tested disaster area.

In addition, no significant correlation between RA

activity and the assessed evacuation zones was

observed. These results suggest that the effect of envi-

ronmental factors on the deterioration of RA status,

even if it exists, might have been negligible in the pre-

sent study. Instead, mental stress and lifestyle changes

derived from the disaster appeared to have influenced

RA disease status.6,7

Residents of the disaster area appeared to be highly

susceptible to mental stress. For example, loss

experiences, such as loss of family members, acquain-

tances, possessions and jobs (due to the halt of agricul-

ture and fishery in the contaminated areas), are

assumed to be major causes of mental illness. Addition-

ally, the feeling of being stigmatized was also a major

cause of mental stress among residents. For some resi-

dents, even screening was considered a stressful event:

one resident complained that undergoing the whole-

body counter test caused him/her to state: ‘I am treated

as a contaminated subject.’

In addition to mental stress, lifestyle changes might

have also worsened RA status. For example, indoor

evacuation, living in temporary housing and job loss

led to an inactive lifestyle, which may have deteriorated

RA status.18 In addition, residents often avoided local

products and tap water due to fear of internal radiation

exposure,19,20 which may have led to unhealthy eating

habits. For example, some of the people anxious about

radiation avoided eating any fish, fresh vegetables or

mushrooms, irrespective of their areas of origin, which

resulted in unhealthy dietary intake. Such lifestyle

changes after the triple disaster have been reported to

have led to deteriorated metabolic profiles21 and physi-

cal inactivity.22 As food with less unsaturated fat, such

as those included in the Mediterranean diet, have been

reported to decrease RA activity,7 these changes in eat-

ing habits may have also affected RA status.

Interestingly, fluctuation in MMP-3 titer was not

worsened after the disaster, while all the other parame-

ters were worsened. MMP-3 is a local cytokine that is

expressed in synovial tissue; it reflects joint inflamma-

tion and destruction more directly compared to other

parameters.23 By contrast, acute phase proteins such as

CRP reflect inflammation and it has been suggested that

the pathologic mechanisms of joint inflammation may

Table 2 Average clinical parameter scores and changes in the values in each time point

Pre-pre Pre Post Dpre Dpost P Proportion of worsened value (positive D) P

Dpre Dpost

N % N %

TJC 5.2 5.3 5.8 0.0 0.6 0.29 14 26 24 45 0.04*
SJC 2.2 2.1 2.7 0.0 0.5 0.02* 6 11 18 34 0.01*
ESR 39.2 39.8 40.3 1.1 0.0 0.77 20 40 29 57 0.01*
CRP 1.1 1.1 1.0 �0.1 �0.1 0.86 16 31 20 38 0.01*
MMP-3 242.9 190.5 193.2 �42.3 3.1 0.17 24 47 17 33 0.02*
RF 178.3 174.2 178.0 �4.3 3.3 0.60 10 19 20 38 0.02*

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; MMP-3, matrix metalloproteinase-3; RF, rheumatoid factor; SJC, swollen joint count;
TJC, tender joint count. * p<0.05
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be partially independent of destruction.24 Therefore,

this discrepancy between the titers of inflammation

markers (CRP and ESR) and that of MMP-3 may suggest

that the deterioration of clinical parameters among RA

patients after the disaster is rather a temporal phe-

nomenon and may not lead to cartilage destruction,

although further research on serum profile among the

victims will be needed.

Additional analyses identified the concomitant use of

MTX as a potential preventive factor of RA deterioration

intermediated by increase in RF. The average age of

MTX users was significantly younger than non-users,

which may affect the status of RF. However, the associa-

tion was significant even after controlling for age

(Table 3). MTX, an analogue of folic acid, is the most

commonly used anti-rheumatic drug and is an anchor

drug for RA treatment. Therefore, these results under-

score the importance of continuity of MTX treatment.

However, immunosuppressant agents such as MTX are

not generally included in post-disaster medication sup-

ply lists. Considering that RA is a relatively common

disease and that exacerbation of joint inflammation

interferes with post-evacuation life, the present results

suggest that inclusion of MTX and other anti-rheumatic

drugs in post-disaster medication supply lists is worth

considering.

Table 3 Analysis of factors associated with worsening clinical

parameters

OR 95% CI P

Risk of worsening TJC

Age 1.01 0.96 1.06 0.77

Gender (male) 0.72 0.16 3.27 0.67

Evacuation 0.71 0.20 2.55 0.60

Change physician 1.24 0.39 3.86 0.72

MTX usage 0.74 0.19 2.82 0.66

PSL usage 1.31 0.40 4.33 0.66

Pre-TJC 0.88 0.76 1.03 0.12

Risk of worsening SJC

Age 1.00 0.95 1.06 0.99

Gender (male) 0.30 0.03 2.63 0.28

Evacuation 1.41 0.32 6.14 0.65

Change physician 2.03 0.53 7.73 0.30

MTX usage 1.80 0.34 9.58 0.49

PSL usage 1.25 0.33 4.76 0.74

Pre-SJC 1.11 0.91 1.36 0.29

Risk of worsening CRP

Age 0.98 0.93 1.03 0.43

Gender (male) 0.88 0.19 3.98 0.86

Evacuation 0.41 0.11 1.49 0.18

Change physician 0.38 0.12 1.22 0.11

MTX usage 0.97 0.24 3.87 0.97

PSL usage 1.04 0.31 3.46 0.95

Pre-CRP 0.88 0.57 1.38 0.59

Risk of worsening ESR

Age 1.00 0.95 1.05 0.98

Gender (male) 0.88 0.21 3.70 0.86

Evacuation 0.53 0.15 1.93 0.34

Change physician 0.49 0.16 1.51 0.21

MTX usage 0.69 0.18 2.61 0.58

PSL usage 1.43 0.45 4.58 0.55

Pre-ESR 0.95 0.92 0.99 0.01*
Risk of worsening MMP3

Age 0.99 0.94 1.04 0.60

Gender (male) 1.99 0.47 8.45 0.35

Evacuation 1.36 0.37 4.95 0.64

Change physician 0.61 0.20 1.88 0.39

MTX usage 0.82 0.21 3.11 0.77

PSL usage 0.72 0.22 2.29 0.57

Pre-MMP3 1.00 1.00 1.00 0.87

Risk of worsening RF

Age 1.01 0.96 1.07 0.74

Gender (male) 0.68 0.12 3.73 0.66

Evacuation 1.60 0.37 6.91 0.53

Change physician 1.20 0.35 4.08 0.77

MTX usage 0.23 0.06 0.92 0.04*
PSL usage 2.33 0.56 9.72 0.24

Pre;RF 1.00 1.00 1.00 0.76

*P < 0.05. CI, confidence interval; TJC, tender joint count; SJC, swol-
len joint count; MTX, methotrexate; PSL, prednisolone; RF, rheuma-
toid factor; CRP, C-reactive protein; ESR, erythrocyte sedimentation
rate; MMP3, matrix metalloproteinase-3.

Table 4 Comparison between MTX users and non-users

MTX user Non-MTX user P

Age 62.4 71.0 0.02*
Gender 0.2 0.1 0.44

Pre-TJC 5.4 4.6 0.58

Pre-SJC 2.1 2.1 0.96

Pre-CRP 1.3 0.4 0.09

Pre-ESR 42.2 29.9 0.18

Dose of PSL 2.3 3.0 0.30

Pre-RF 154.7 252.0 0.47

Pre-MMP3 200.8 142.6 0.32

Stage

I 3 (8%) 0 (0%) 0.73

II 2 (5%) 1 (10%)

III 10 (27%) 2 (20%)

IV 22 (59%) 7 (70%)

Class

1 16 (40%) 1 (10%) 0.11

2 18 (45%) 4 (45%)

3 5 (12.5%) 4 (45%)

4 1 (2.5%) 0 (0%)

*P < 0.05. CRP, C-reactive protein; ESR, erythrocyte sedimentation
rate; MMP3, matrix metalloproteinase-3; MTX, methotrexate; PSL,
prednisolone; RF, rheumatoid factor; SJC, swollen joint count; TJC,
tender joint count.
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This study has several limitations. First, assessment of

disaster activity does not follow global standards.

Although RA activity global assessment tools such as

DAS28, Crohn’s Disease Activity Index and SDAI exist,

the present data were insufficient for these indices

because patient visual assessment scale (VAS) and doc-

tors’ VAS scores were not available. Second, detailed

information about lifestyle changes, which might have

affected mental stress or loss experiences among

patients, was not available. As the degree of mental

stress varies by the duration of evacuation and the size

of losses, this study could not assess correlations

between mental stress and disease activity. Third, exam-

ination of internal radiation exposure level was con-

ducted more than 1 year after the disaster, so it did not

reflect radiation exposure soon after the disaster. Even

so, this result revealed that only a few patients experi-

enced chronic radiation exposure, and that the exposure

level was much less than that in Hiroshima and Naga-

saki after the atomic-bomb attack. Finally, the observa-

tion period in this study was only 1 year; a latent

period between a stressful event and exacerbation of

autoimmune disorders may exist. Long-term observa-

tion with detailed data from each patient is required to

fully elucidate the mechanisms underlying the observed

RA flare after the disaster.

CONCLUSION

Exacerbation of RA activity after the triple disaster in

Fukushima was demonstrated. Evacuation status and

low-dose radiation exposure did not appear to affect

disease activity, while other factors such as mental stress

and lifestyle changes might have contributed to the

deterioration. Although further research is required to

elucidate the cause, use of MTX might be a preventive

factor for such exacerbation. Continuity of care for this

common NCD needs to be considered at the time of

relief activities in disaster areas.

ACKNOWLEDGEMENT

We sincerely thank all the staff at the Whole-body coun-

ter room at Minamisoma Municipal General Hospital,

for kindly analyzing the data of internal radiation expo-

sure levels of the patients.

AUTHOR CONTRIBUTION

SO, SK, TM, LC and MT mainly contributed to the con-

ception or design of the work, analysis andTa
b
le

5
B
ac
k
gr
o
u
n
d
s
o
f
a
p
at
ie
n
t
w
h
o
sh
o
w
ed

d
et
ec
ta
b
le

le
ve
ls
o
f
ra
d
io
ac
ti
ve

ce
si
u
m

af
te
r
th
e
d
is
as
te
r

A
ge

†
G
en

d
er

E
xa
m

d
at
e

D
ay
s

fr
o
m

d
is
as
te
r

C
s-
1
3
4

(B
q
/

b
o
d
y)

C
s-
1
3
7

(B
q
/

b
o
d
y)

E
va
cu
at
io
n

C
h
an

ge
d

p
h
ys
ic
ia
n

M
ed

ic
at
io
n

lo
ss

In
cr
ea
se
d

SJ
C

In
cr
ea
se
d

E
SR

In
cr
ea
se
d

C
R
P

In
cr
ea
se
d

R
F

In
cr
ea
se
d

M
M
P
-3

P
at
ie
n
t

1

7
6

M
2
1
D
ec

2
0
1
1

2
8
3

2
2
7

1
7
7

N
o

N
o

N
o

Y
es

N
o

d
at
a

Y
es

Y
es

N
o

†
A
t
th
e
ti
m
e
o
f
th
e
d
is
as
te
r.
C
R
P
,
C
-r
ea
ct
iv
e
p
ro
te
in
;
E
SR

,
er
yt
h
ro
cy
te

se
d
im

en
ta
ti
o
n
ra
te
;
M
M
P
3
,
m
at
ri
x
m
et
al
lo
p
ro
te
in
as
e-
3
;
R
F,

rh
eu

m
at
o
id

fa
ct
o
r;
SJ
C
,
sw

o
ll
en

jo
in
t
co
u
n
t.

International Journal of Rheumatic Diseases 2018; 21: 1254–1262 1261

RA status after a disaster



interpretation of data for the work; SO and SK drafted

the work, TM, MT, LC, TO, RS, YK and MF revised it

critically for important intellectual content. All did final

approval of the version to be published and agreed to

be accountable for all aspects of the work in ensuring

that questions related to the accuracy or integrity of any

part of the work are appropriately investigated and

resolved.

REFERENCES

1 Miller AC, Arquilla B (2008) Chronic diseases and natural

hazards: impact of disasters on diabetic, renal, and cardiac

patients. Prehosp Disaster Med 23 (2), 185–94.
2 World Health Organization (2014). Global Status Report on

Noncommunicable Diseases 2014, p 280. World Health

Organization, Geneva.

3 Gibofsky A (2012) Overview of epidemiology, pathophys-

iology, and diagnosis of rheumatoid arthritis. Am J Manag

Care 18 (Suppl. 13), S295–302.
4 GBD 2013 DALYs and HALE Collaborators, Murray CJ,

Barber RM et al. (2015) Global, regional, and national

disability-adjusted life years (DALYs) for 306 diseases and

injuries and healthy life expectancy (HALE) for 188 coun-

tries, 1990–2013: quantifying the epidemiological transi-

tion. Lancet 386 (10009), 2145–91.
5 Hart JE, Kallberg H, Laden F et al. (2013) Ambient air pol-

lution exposures and risk of rheumatoid arthritis: results

from the Swedish EIRA case-control study. Ann Rheum Dis

72 (6), 888–94.
6 Dube SR, Fairweather D, Pearson WS, Felitti VJ, Anda RF,

Croft JB (2009) Cumulative childhood stress and autoim-

mune diseases in adults. Psychosom Med 71 (2), 243–50.
7 Skoldstam L, Hagfors L, Johansson G (2003) An experi-

mental study of a Mediterranean diet intervention for

patients with rheumatoid arthritis. Ann Rheum Dis 62 (3),

208–14.
8 Tomio J, Sato H, Mizumura H (2011) Impact of natural

disasters on the functional and health status of patients

with rheumatoid arthritis. Mod Rheumatol 21 (4), 381–90.
9 Wallace DJ, Metzger AL (1994) Can an earthquake cause

flares of rheumatoid arthritis or lupus nephritis? Arthritis

Rheum 37 (12), 1826–8.
10 Webber MP, Moir W, Zeig-Owens R et al. (2015) Nested

case-control study of selected systemic autoimmune dis-

eases in World Trade Center rescue/recovery workers.

Arthritis Rheumatol 67 (5), 1369–76.
11 Fujiwara S, Carter RL, Akiyama M et al. (1994) Autoanti-

bodies and immunoglobulins among atomic bomb sur-

vivors. Radiat Res 137 (1), 89–95.
12 Kato H, Duff IF, Russell WJ et al. (1971) Rheumatoid arthri-

tis and gout in Hiroshima and Nagasaki, Japan. A preva-

lence and incidence study. J Chronic Dis 23 (9), 659–79.

13 Fukushima Prefecture (2012) Summary of the surveillance

of health status of the residents in Fukushima: estimation

of external radiation exposure level (Japanese) [document

online]. [Cited 16 Jan 2018.] Available from: https://www.

pref.fukushima.lg.jp/uploaded/attachment/6487.pdf

14 Cabinet Office, Government of Japan (2012) Basic infor-

mation on radiation risk (Japanese) [document online].

[Cited 16 Jan 2018.] Available from: https://www.pref.f

ukushima.lg.jp/uploaded/attachment/6487.pdf

15 Tsubokura M, Kato S, Nihei M et al. (2013) Limited inter-

nal radiation exposure associated with resettlements to a

radiation-contaminated homeland after the Fukushima

Daiichi nuclear disaster. PLoS ONE 8 (12), e81909.

16 Tsubokura M, Murakami M, Nomura S et al. (2017) Indi-

vidual external doses below the lowest reference level of

1 mSv per year five years after the 2011 Fukushima

nuclear accident among all children in Soma City, Fukush-

ima: a retrospective observational study. PLoS ONE 12 (2),

e0172305.

17 Freedman LR, Phair JP, Seki M, Hamilton HB, Nefzger MD

(1965) The epidemiology of urinary tract infections in

Hiroshima. Yale J Biol Med 37, 262–82.
18 Jahanbin I, Hoseini Moghadam M et al. (2014) The effect

of conditioning exercise on the health status and pain in

patients with rheumatoid arthritis: a randomized con-

trolled clinical trial. Int J Community Based Nurs Midwifery

2 (3), 169–76.
19 Hayano RS, Tsubokura M, Miyazaki M et al. (2015)

Whole-body counter surveys of over 2700 babies and

small children in and around Fukushima Prefecture 33 to

49 months after the Fukushima Daiichi NPP accident.

Proc Jpn Acad Ser B Phys Biol Sci 91 (8), 440–6.
20 Tsubokura M, Kato S, Nomura S et al. (2015) Absence of

internal radiation contamination by radioactive cesium

among children affected by the Fukushima Daiichi nuclear

power plant disaster. Health Phys 108 (1), 39–43.
21 Tsubokura M, Takita M, Matsumura T et al. (2013)

Changes in metabolic profiles after the Great East Japan

Earthquake: a retrospective observational study. BMC Pub-

lic Health 13, 267.
22 Ishii T, Ochi S, Tsubokura M et al. (2015) Physical

performance deterioration of temporary housing residents

after the Great East Japan Earthquake. Prev Med Rep 2,
916–9.

23 Yamanaka H, Matsuda Y, Tanaka M et al. (2000) Serum

matrix metalloproteinase 3 as a predictor of the degree of

joint destruction during the six months after measure-

ment, in patients with early rheumatoid arthritis. Arthritis

Rheum 43 (4), 852–8.
24 Mulherin D, Fitzgerald O, Bresnihan B (1996) Clinical

improvement and radiological deterioration in rheuma-

toid arthritis: evidence that the pathogenesis of synovial

inflammation and articular erosion may differ. Br J

Rheumatol 35 (12), 1263–8.

1262 International Journal of Rheumatic Diseases 2018; 21: 1254–1262

S. Ochi et al.

https://www.pref.fukushima.lg.jp/uploaded/attachment/6487.pdf
https://www.pref.fukushima.lg.jp/uploaded/attachment/6487.pdf
https://www.pref.fukushima.lg.jp/uploaded/attachment/6487.pdf
https://www.pref.fukushima.lg.jp/uploaded/attachment/6487.pdf

