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Abstract

People who experience natural disasters have a high risk of developing cardiovascular diseases. We investigated the
association between the extent of house collapse and urine sodium-to-potassium (UNa/K) ratio of 2011 Great East Japan
Earthquake victims. We used the baseline survey data of the Tohoku Medical Megabank Project Community-Based Cohort
Study of 29 542 individuals (aged 20-74 years) residing in the affected areas. The UNa/K ratio was calculated using spot
urinary electrolyte values. Analysis of covariance was used to calculate the multivariate-adjusted geometric means of the
UNa/K ratio in the following groups stratified according to the self-reported extent of house collapse: total collapse (TC),
half collapse (HC), partial collapse (PC), and no damage (ND). Multivariable-adjusted odds ratios (ORs) for a high UNa/K
ratio were calculated using logistic regression. The TC, HC, PC, and ND groups comprised 5 359 (18.1%), 3 576 (12.1%),
7 331 (24.8%), and 13 276 (44.9%) participants, respectively. The TC (3.33; 95% confidence interval [CI], 3.28-3.38), HC
(3.37; 3.30-3.43), and PC (3.32; 3.28-3.37) groups had significantly higher multivariate-adjusted geometric means of the
UNa/K ratio than the ND (3.24; 3.21-3.27) group. The multivariable-adjusted ORs (95% Cls) for a high UNa/K ratio in the
TC, HC, and PC groups vs. the ND group were 1.07 (0.99-1.15), 1.20 (1.11-1.31), and 1.20 (1.12-1.28), respectively.
Similar associations between house collapse and UNa/K ratio were observed for both sexes. We report that victims of a
natural disaster tend to have a diet with high sodium-to-potassium ratio.
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Graphical Abstract

Higher UNa/K was associated with the house collapse

I Participants: 29,542 individuals (aged 20-74 years) residing in the affected areas of 2011 Great East Japan Earthquake

We investigated the association between the extent of house collapse and the UNa/K of 2011 Great East Japan Earthquake victims.
We used the baseline survey data of the Tohoku Medical Megabank Project Community-Based Cohort Study of 29,542 individuals (aged 2074 years) residing in the

affected areas.

The multivariate-adjusted geometric means of the UNa/K and multivariate-adjusted odds ratios (95% confidence intervals) for a high UNa/K were examined in participants

according to the extent of house collapse: TC, HC, PC, and ND.

Extent of house collapse
TC HC PC ND

Total (n=29,542)

ss50  as76
Multivariate-adjusted geometric 3.32(3.27to0  3.38(3.32to
mean (95% Cl) of UNa/K 3.38) 3.44)
o007 <000t
Multivariate-adjusted OR (95% 1.08 (0.997to 1.22(1.12to
Cl) for high UNa, 1.16) 1.33)
0058 <0001

75383l 13,276
3.35(3.31to0  3.23(3.19to
3.39) 3.26)

<0.001
i '231 (; '11)5 (C Reference
<0.001

- Victims of a natural disaster tend to have a diet with a high sodium-to-potassium ratio.

UNa/K, urinary sodium-to-potassium ratio; TC, total collapse; HC, half collapse; PC, partial collapse; ND, no damage

Introduction

People who experience a natural disaster are at a higher risk
of developing cardiovascular disease (CVD) in the acute
phase [1-7]. However, higher CVD incidence and mortality
rates were also observed during the chronic phase after a
disaster [8, 9]. “Acute phase” and “chronic phase” refer to the
period within 3 months and >3 years after the disaster,
respectively. After the 2011 Great East Japan Earthquake
(GEJE), a high incidence of CVDs, such as stroke [10], heart
failure [11, 12], and acute myocardial infarction [12, 13], was
observed in the acute phase. The incidence of stroke [10, 14]
or heart failure [12] was particularly high in areas that were
badly flooded by the tsunami due to the 2011 GEJE, and the
incidence of acute myocardial infarction positively correlated
with the seismic scale of the earthquake [12]. Furthermore,
the increase in the incidence of fatal myocardial infarction
[15] or acute decompensated heart failure [16] was sustained
3 years after the 2011 GEJE.

Excessive sodium intake [17, 18] and insufficient
potassium intake [18] are important risk factors for hyper-
tension and CVD. Recent epidemiological studies con-
ducted not only in the Japanese population but also in multi-
ethnic general populations support the usefulness of the
urinary sodium-to-potassium (UNa/K) ratio as a predictor of
hypertension risk [19] or CVD risk [20]. Their findings
suggested that the UNa/K ratio may be superior to using
individual urinary sodium or potassium level as an indicator
of blood pressure level, not only in the Japanese population
[21] but also in multi-ethnic general populations [22]. Since
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the occurrence of the 2011 GEJE, disaster victims have
tended to consume an unbalanced diet [23, 24]. Nutritional
imbalances may be observed among long-term evacuees
and may be one of the causes of high CVD incidence during
the chronic phase in victims affected by a disaster. How-
ever, to our knowledge, no studies have focused on the
sodium or potassium intake of disaster victims, including
those of the 2011 GEJE.

We hypothesized that the victims of a large-scale natural
disaster have an unbalanced diet, which leads to a higher
intake of salted food and a lower intake of fruits and
vegetables that are rich in potassium. This study focused on
the extent of house collapse as an indicator of disaster
damage and aimed to investigate the association between
the extent of house collapse and UNa/K ratio among the
victims of the 2011 GEJE.

Methods
This study was reported using the STROBE guidelines [25].
Study population

In Japan, both the GEJE and tsunami of March 11, 2011,
caused unprecedented damage to the Pacific coast of Iwate
and Miyagi Prefectures, which are located in northeastern
Japan (Supplementary Figs. 1 and 2). More than 120,000
buildings, which included various facilities used for com-
mercial, educational, and business purposes, were completely
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Coastal residents who participated in the TMM
CommCohort Study (n = 35,384; M: 12,988; F: 22,396)

l—o Questionnaire missing (n = 1,451)

n = 33,933 (M: 12,293; F: 21,640)
l—a Data missing (n = 56; urine Na/K, n = 4,335; other variables)
n = 29,542 (M: 10,805; F: 18,737) main analysis

Fig. 1 Flowchart of the participant inclusion process

destroyed, 278,000 were half-destroyed, and 726,000 were
partially destroyed.

To investigate the health conditions of community residents
in the areas affected by the 2011 GEJE, the Tohoku University
Tohoku Medical Megabank Organization (ToMMo) and
Iwate Medical University Iwate Tohoku Medical Megabank
Organization launched the Tohoku Medical Megabank
(TMM) Project in 2011 [26, 27]. One of the components of
this project was the Tohoku Medical Megabank Project
Community-Based Cohort Study (TMM CommCohort
Study), a prospective cohort study. In this cohort study, 97 419
individuals were requested to visit municipality-specific health
check-up sites between May 2013 and March 2016. Among
them, 67 355 participants aged 20-74 years were enrolled
(agreement rate: 69.1%). The recruitment methodology has
been previously described [26, 27].

To investigate the association between the extent of house
collapse and UNa/K ratio, we focused on the data of 35,384
participants (12,988 men and 22,396 women) living in the
coastal areas of Iwate and Miyagi Prefectures. Among them,
5842 were excluded for the following reasons: 1451 did not
respond to the questionnaire, and 4391 had missing data on
urinary electrolyte levels (n = 56) or other important variables
(n=4335) (Fig. 1). Finally, the complete data of 29,542
participants (10,805 men and 18,737 women) who were living
in the coastal areas were analyzed in this study. Furthermore,
we analyzed the complete data of 21,495 coastal residents
(7125 men and 14,370 women) who were not receiving
antihypertensive treatment because antihypertensive drugs
have some effect on urine sodium or potassium excretion.

All study procedures were approved by the Ethics Com-
mittee of ToMMo (first approval: 2012-4-617; latest approval:
2018-4-087) and the Medical Ethics Committee of Iwate
Medical University (HG H25-2). Written informed consent
was obtained from all participants.

Extent of house collapse

The extent of house collapse was assessed according to one
of the six responses to a question about house damage: “A:
Completely destroyed,” “B: Half destroyed (requires major
repairs),” “C: Half destroyed (requires minor repairs),” “D:
Partially destroyed,” “E: No damage,” and “F: Was not
living in the affected area.” Respondents who answered A

were classified into the total collapse (TC) group, those who
answered B or C into the half collapse (HC) group, those
who answered D into the partial collapse (PC) group, and
those who answered E or F into the no damage (ND) group.

Calculation of the UNa/K ratio

The UNa/K ratio was calculated using spot urinary electrolyte
values. Spot urine specimens were obtained when participants
visited municipal-specific health check-up sites in Iwate and
Miyagi Prefectures or selected places arranged by the muni-
cipality and ToMMo in case of limitations with the municipal-
specific health check-up venue. Urinary sodium and potas-
sium levels were measured using an ion-selective electrode
method. The spot urinary level of sodium (mEq/L) was
divided by that of potassium (mEq/L) to obtain the UNa/K
ratio (mEq/mEq). The participants were categorized into two
groups based on the UNa/K ratio, which had a cut-off point at
the 75th percentile for each sex in the study group. Therefore,
a high UNa/K ratio was defined as a value at the top 75th
percentile, which was 5.09 for men and 4.76 for women.

Other measurements

The body mass index (BMI) was calculated as the weight
divided by the square of the height (kg/m?). General medical
examination data included the blood pressure levels (mmHg),
estimated glomerular filtration rate (¢GFR) (mL/kg/1.73 m?),
plasma HbAlc levels (%), and serum low-density lipoprotein
(LDL) cholesterol levels (mg/dL). The eGFR was calculated
based on the serum creatinine level, according to the Chronic
Kidney Disease Epidemiology Collaboration equation for
Japanese patients [28].

Demographic, lifestyle, and disaster-related factors were
assessed through a self-administered questionnaire that
included information on sex, age, treatment of hypertension,
smoking status, alcohol drinking status, regular exercise,
psychological distress, number of cohabitants, and change in
income. Smoking status was classified as current smoking or
none. Alcohol drinking status was classified into two cate-
gories: drinking 3 days a week and drinking >3 days a week
(defined as current drinking). Regular exercise was defined as
participation in sports or other forms of physical activity at
least 3 times a week and at least 30 min at a time during a
participant’s leisure time. Forms of physical activity included
slow walking, brisk walking, golfing, Japanese croquet,
gardening, playing tennis, jogging, aerobics, and swimming.
Psychological distress was evaluated using the Japanese
version of the 6-item Kessler Psychological Scale (K6)
[29, 30]. Based on the number of cohabitants, participants
were classified as living alone or not. Regarding the change in
income, participants were classified as those who had a
decrease in income or those who did not. Their housing
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condition at the time of health checkup was classified as
temporary housing (including “Living in a shelter” and
“Living in temporary housing,” which were provided as
answers in the questionnaire), or not.

Statistical analyses

The one-way analysis of variance for continuous variables
and the chi-square test for categorical variables were used to
compare the characteristics of participants among the four
groups according to the extent of house collapse. Dunnett’s
test was performed for multiple comparisons using the ND
group as the reference group. The value of the UNa/K ratio
was log-transformed, as it had a log-normal distribution.
The geometric means and 95% confidence intervals (CIs) of
the UNa/K ratio were calculated for each group of house
collapse using analysis of covariance and adjusted for the
following factors: age, sex, BMI, current smoking, current
drinking, regular exercise, living alone or not, and having a
decreased income or not (Model 1); the aforementioned
factors plus housing condition (Model 2); and the variables
included in Model 1 plus systolic blood pressure (SBP),
eGFR, HbAlc and LDL cholesterol levels, and K6 score
(Model 3). We performed Pearson’s and Spearman’s cor-
relation analysis, and confirmed that there was no colli-
nearity between variables.

Multiple comparisons adjusted using Bonferroni correc-
tion were performed. In addition, sex- and age-adjusted and
multivariableadjusted odds ratios (ORs) and 95% ClIs of
high UNa/K ratio in the TC, HC, PC, and ND groups were
calculated using logistic regression. The same analysis was
performed after excluding participants who were receiving
antihypertensive treatment.

To investigate the effect of the GEJE on the UNa/K ratio
over time, we divided the participants into the following
three groups according to the period of the check-up: April
1, 2013, to March 31, 2014; April 1, 2014, to March 31,
2015; and April 1, 2015, to March 31, 2016. We also
investigated the multivariate-adjusted geometric means of
the UNa/K ratio and ORs for high UNa/K ratios in the
following age groups: 2049, 50-64, and 65-74 years. Data
were analyzed using IBM SPSS Statistics Version 24.0
(IBM, Armonk, NY, USA). Two-sided P-values < 0.05
were considered statistically significant.

Results

Participant characteristics

The participants’ ages ranged from 20 to 74 years (mean age,
60.5 £ 11.14 years), and 63.3% were women. Table 1 shows

the characteristics of participants according to the extent of

SPRINGER NATURE

house collapse. Of the 29 542 participants, 5 359 (18.1%), 3
576 (12.1%), 7 331 (24.8%), and 13 276 (44.9%) were in the
TC, HC, PC, and ND groups, respectively. Participants
whose houses collapsed during the GEJE were more likely to
have high BMI and LDL cholesterol levels and low eGFR
and HbAIc levels than those whose houses did not sustain
any damage. Among the groups, the TC group had the
highest percentage of participants with hypertension. There
were no significant differences in sex and sBP levels among
the four groups. Regarding lifestyle factors, participants in
the TC group were more likely to be current smokers and less
likely to be current alcohol drinkers and to perform regular
exercise. In terms of disaster-related factors, participants
whose houses collapsed were more likely to have high
K6 scores and to experience a decrease in income. Among
the groups, the TC group had the highest percentage of
participants who were living alone or whose income
decreased. The association between house collapse and the
housing condition at the time of health checkup was also
investigated (Supplementary Table 1). We also investigated
the characteristics according to the survey year, as shown in
Supplementary Table 2.

Association between UNa/K and the extent of house
collapse

Table 2 shows the multivariate-adjusted geometric means of
the UNa/K ratio according to the extent of house collapse.
In the total study population, the multivariate-adjusted
geometric means (95% Cls) of the UNa/K ratios for parti-
cipants whose houses underwent TC, HC, and PC were 3.33
(3.28-3.38), 3.37 (3.30-3.43), and 3.32 (3.28-3.37),
respectively, according to Model 1, all of which were sig-
nificantly greater than that of those whose houses had ND
(3.24 [3.21-3.27]). The same tendency was observed for
both sexes. The values obtained based on Models 2 or 3
were very similar to those of Model 1; therefore, we refer to
the values of Model 1 alone from here onward.

Table 3 shows the ORs and 95% Cls for high UNa/K
ratios using logistic regression. For all participants, the extent
of house collapse was associated with a high UNa/K ratio,
especially in the PC and HC groups, with multivariable-
adjusted ORs of 1.20 (95% CI, 1.12-1.28) and 1.20 (95% ClI,
1.11-1.31), respectively. The same tendency as that of the
overall group was observed for both sexes. The subgroup
without antihypertensive treatment also showed the same
tendency as that of the overall group (Supplementary
Tables 3 and 4).

Effect of the GEJE on the UNa/K ratio over time

Supplementary Tables 5 and 6 show the multivariate-
adjusted geometric means of the UNa/K ratio and ORs for
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Table 1 Characteristics of total
participants according to the

Extent of house collapse

extent of house collapse TC HC PC ND

(n=129,542)
Number of subjects 5359 3576 7331 13,276
Age, years 60.1+11.3 60.6 +10.9 60.8+10.8% 60.3x11.3
Female sex, % 63.5 63.4 62.7 63.8
High UNa/K ratio, % 25.2% 27.1% 26.8* 235
UNa/K ratio 3.35% 3.37*% 3.32% 3.23
BMI, kg/m’ 23.7+£3.7* 23.6 £3.6* 23.4+35 23.4+3.6
Systolic blood pressure, mmHg 1259+169 1264+17.0 126.1+17.3 1263+17.2
eGFR, mL/kg/1.73 m? 80.2+16.9 77.5+154*% 769+154* 803+17.1
HbAlc, % 5.66+0.58% 5.61+0.58% 5.62+0.59*% 5.68+0.62
LDL cholesterol, mg/dL 123.4£31.3*% 122.6+31.4% 124.0+31.6% 120.5+30.7
Current smoker, % 15.8* 14.1 13.3 13.0
Current drinker (>3 days per week), % 28.6* 322 31.7 30.5
Doing regular exercise (>3 x 30 min per 38.4* 42.3 43.3 41.6
week), %
K6 score 5.6 +4.9% 4.8+4.4% 4.6 +4.4% 43+44
Living alone, % 10.8%* 7.5 6.6 8.8
Decrease of income, % 27.4% 20.0%* 17.0%* 14.6
Treatment of hypertension, % 29.3*% 274 26.0 27.0

Values except for the UNa/K ratio are presented as means + standard deviation or as percentages. The UNa/
K ratio is presented as the geometric mean, because of its log-normal distribution. Multiple comparisons
were performed using Dunnett’s test for continuous variables and Fisher’s test adjusted by Bonferroni

correction for categorical variables

TC total collapse, HC half collapse, PC partial collapse, ND no damage, UNa/K ratio urine sodium-to-
potassium ratio, BMI body mass index, eGFR estimated glomerular filtration rate, HbAIc hemoglobin Alc,

LDL low-density lipoprotein
*P < 0.05 versus ND

high UNa/K ratios according to the period of surveys,
respectively. A similar tendency as in the entire survey
period was observed in the first and second years of the
survey (i.e., fiscal years 2013 and 2014), although it was not
noted in the third year (i.e., fiscal year 2015).

Stratified analysis by age group

Supplementary Tables 7 and 8 show the respective
multivariate-adjusted geometric means of the UNa/K ratio
and ORs for high UNa/K ratios in the following age groups:
2049, 50-64, and 65-74 years. Among the age groups, the
same tendency as that in the overall study participants was
observed in the groups aged 50-64 and 65-74 years but not
in the group aged 20-49 years.

Discussion

Based on the analyses of cross-sectional data on the victims
of the 2011 GEJE who were living in the coastal areas, the
multivariate-adjusted geometric means of the UNa/K ratio
or ORs for high UNa/K ratios were significantly higher in

victims who experienced house collapse than in those who
did not. The same tendency was observed for both sexes
after excluding those who were receiving antihypertensive
treatment. Based on the results of the stratified analysis
according to the investigation period, the same tendency as
that in the entire period was observed in the first and second
years of investigation (fiscal years 2013 and 2014),
although it was not observed in the third year (fiscal year
2015). This finding suggests that the effect of the disaster on
the UNa/K ratio might have remained stronger in the
immediate period following the GEJE.

Several reports have indicated an imbalance in nutritional
intake after an earthquake [24, 31, 32]. People living in dif-
ficult conditions were likely to have a lower prudent dietary
pattern score within 1 year after the 2011 GEJE [24]. In this
study, we concluded that nutritional intake was more
important than the housing condition because the results of
the multivariable-adjusted analysis changed negligibly on
adding housing condition as an adjustment variable, indi-
cating that the housing condition did not have much effect on
UNa/K. The limited supply of fresh fruits and vegetables to
affected areas might also be the cause of vitamin C deficiency
observed within 4 weeks in previously healthy people [32].

SPRINGER NATURE
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Table 2 Multivariate adjusted geometric means (95% confidence intervals) of the UNa/K ratio according to the extent of house collapse

Extent of house collapse

TC

HC

PC

ND

Total (n=29,542)

Number of participants

Sex- and age-adjusted geometric mean (95% CI)

P-value

Multivariate-adjusted geometric mean (Model 1) (95% CI)
P-value

Multivariate-adjusted geometric mean (Model 2) (95% CI)
P-value

Multivariate-adjusted geometric mean (Model 3) (95% CI)
P-value

Men (n = 10,805)

Number of participants

Age-adjusted geometric mean (95% CI)

P-value

Multivariate-adjusted geometric mean (Model 1) (95% CI)
P-value

Multivariate-adjusted geometric mean (Model 2) (95% CI)
P-value

Multivariate-adjusted geometric mean (Model 3) (95% CI)
P-value

Women (n=18,737)

Number of participants

Age-adjusted geometric mean (95% CI)

P-value

Multivariate-adjusted geometric mean (Model 1) (95% CI)
P-value

Multivariate-adjusted geometric mean (Model 2) (95% CI)
P-value

Multivariate-adjusted geometric mean (Model 3) (95% CI)

P-value

5359
3.35 (3.29-3.40)
0.002
3.33 (3.28-3.38)
0.020
3.34 (3.28-3.41)
0.049
3.32 (3.27-3.38)
0.007

1958
3.49 (3.39-3.56)
0.094
3.48 (3.39-3.57)
0.114
3.48 (3.37-3.60)
0.263
3.46 (3.38-3.55)
0.097

3401
3.27 (3.19-3.35)
0.036
3.25 (3.19-3.31)
0.329
3.26 (3.18-3.34)
0.422
3.25 (3.19-3.31)
0.156

3576

3.37 (3.31-3.44)
<0.001

3.37 (3.30-3.43)
0.003

3.37 (3.30-3.43)
0.002

3.38 (3.32-3.44)
<0.001

1309

3.49 (3.39-3.60)
0.135

3.49 (3.38-3.60)
0.167

3.48 (3.38-3.60)
0.164

3.50 (3.39-3.61)
0.0502

2267
3.31 (3.22-3.39)
0.009
3.30 (3.23-3.38)
0.025
3.30 (3.23-3.38)
0.024
3.31 (3.24-3.39)
0.003

7331
3.32 (3.28-3.36)
0.010

3.32 (3.28-3.37)
0.018

3.32 (3.28-3.37)
0.018

3.35 (3.31-3.39)
<0.001

2738

3.50 (3.42-3.56)
0.011

3.50 (3.43-3.58)
0.007

3.50 (3.43-3.58)
0.007

3.53 (3.46-3.61)
<0.001

4593
3.22 (3.16-3.29)
0.747
3.22 (3.17-3.28)
1.000
322 (3.17-3.28)
1.000
3.25 (3.19-3.30)
0.075

13,276
3.23 (3.20-3.27)

3.24 (3.21-3.27)

3.24 (3.21-3.27)

3.23 (3.19-3.26)

4800

3.35 (3.29-3.42)

3.35 (3.29-3.40)

3.35 (3.29-3.40)

3.34 (3.28-3.39)

8476

3.17 (3.13-3.22)

3.18 (3.14-3.22)

3.17 (3.14-3.22)

3.16 (3.13-3.20)

Multivariate-adjusted geometric means (95% Cls) (Model 1) of the UNa/K ratio were calculated by analysis of covariance with adjustment for age,
sex, body mass index, current smoking, current drinking and regular exercise, living alone or not, and having a decreased income or not

Multivariate-adjusted geometric means (95% Cls) (Model 2) of the UNa/K ratio were calculated by analysis of covariance with adjustment for age,
sex, body mass index, current smoking, current drinking and regular exercise, living alone or not, having a decreased income or not, and

residential state

Multivariate-adjusted geometric means (95% Cls) (Model 3) of the UNa/K ratio were calculated by analysis of covariance with adjustment for age,
sex, body mass index, systolic blood pressure, estimated glomerular filtration rate, hemoglobin Alc and low-density lipoprotein cholesterol levels,

K6 score, current smoking, current drinking and regular exercise, living alone or not, and having a decreased income or not

Multiple comparisons adjusted by Bonferroni correction were performed

UNa/K ratio urine sodium-to-potassium ratio, 7C total collapse, HC half collapse, PC partial collapse, ND no damage, CI confidence interval

However, these studies were unable to elucidate the effect of
a natural disaster on sodium or potassium intake. To the best
of our knowledge, this study is the first to demonstrate the
association between a natural disaster and sodium and
potassium intake in a large cohort of community dwellers.
Because this study was cross-sectional in nature, we
could not conclude causal relationships. However, we can
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infer several possible mechanisms for our results. First,
experiencing a house collapse could change a victim’s liv-
ing environment, forcing them to consume foods that are
high in sodium and low in potassium. One month after the
GEIJE, the victims might have encountered difficulties in
obtaining and preparing meals due to shortages of cooking
equipment, utilities, and food [23]. Previous studies have



Association between the extent of house collapse and urine sodium-to-potassium ratio of victims...

1253

Table 3 Multivariate-adjusted odds ratios (95% confidence intervals) for high UNa/K ratios in participants according to the extent of house

collapse

Extent of house collapse

TC HC PC ND
Total (n =29,542)
Number of participants 5359 3576 7331 13,276
Number of cases with a high UNa/K ratio 1350 970 1964 3124
Crude OR (95% CI) 1.09 (1.02-1.18) 1.21 (1.11-1.32) 1.19 (1.11-1.27) Reference
P-value 0.016 <0.001 <0.001
Sex- and age-adjusted OR (95% CI) 1.09 (1.02-1.18) 1.21 (1.12-1.32) 1.19 (1.12-1.28) Reference
P-value 0.019 <0.001 <0.001
Multivariate-adjusted OR (95% CI) (Model 1) 1.07 (0.99-1.15) 1.20 (1.11-1.31) 1.20 (1.12-1.28) Reference
P-value 0.074 <0.001 <0.001
Multivariate-adjusted OR (95% CI) (Model 2) 1.08 (0.99-1.19) 1.20 (1.11-1.31) 1.20 (1.12-1.28) Reference
P-value 0.087 <0.001 <0.001
Multivariate-adjusted OR (95% CI) (Model 3) 1.08 (0.997-1.16) 1.22 (1.12-1.33) 1.23 (1.15-1.31) Reference
P-value 0.058 <0.001 <0.001
Men (n = 10,805)
Number of participants 1958 1309 2738 4800
Number of cases with a high UNa/K ratio 491 363 731 1121
Crude OR (95% CI) 1.10 (0.97-1.24) 1.26 (1.10-1.45) 1.20 (1.07-1.33) Reference
P-value 0.132 0.001 0.001
Age-adjusted OR (95% CI) 1.09 (0.97-1.23) 1.26 (1.10-1.45) 1.20 (1.08-1.34) Reference
P-value 0.167 0.001 <0.001
Multivariate-adjusted OR (95% CI) (Model 1) 1.08 (0.96-1.23) 1.26 (1.10-1.45) 1.22 (1.09-1.36) Reference
P-value 0.211 0.001 <0.001
Multivariate-adjusted OR (95% CI) (Model 2) 1.06 (0.91-1.24) 1.26 (1.09-1.44) 1.22 (1.09-1.36) Reference
P-value 0.430 0.001 <0.001
Multivariate-adjusted OR (95% CI) (Model 3) 1.08 (0.95-1.22) 1.27 (1.11-1.46) 1.25 (1.12-1.39) Reference
P-value 0.233 <0.001 <0.001
Women (n = 18,737)
Number of participants 2401 2267 4593 8476
Number of cases with a high UNa/K ratio 859 607 1233 2003
Crude OR (95% CI) 1.09 (0.996-1.20) 1.18 (1.06-1.31) 1.19 (1.09-1.29) Reference
P-value 0.061 0.002 <0.001
Age-adjusted OR (95% CI) 1.09 (0.998-1.20) 1.19 (1.07-1.32) 1.19 (1.10-1.29) Reference
P-value 0.056 0.002 <0.001
Multivariate-adjusted OR (95% CI) (Model 1) 1.06 (0.97-1.17) 1.18 (1.06-1.31) 1.19 (1.09-1.29) Reference
P-value 0.200 0.003 <0.001
Multivariate-adjusted OR (95% CI) (Model 2) 1.10 (0.98-1.23) 1.18 (1.06-1.31) 1.19 (1.09-1.29) Reference
P-value 0.121 0.002 <0.001
Multivariate-adjusted OR (95% CI) (Model 3) 1.07 (0.98-1.18) 1.20 (1.08-1.33) 1.22 (1.12-1.33) Reference
P-value 0.150 0.001 <0.001

Multivariate-adjusted ORs (Model 1) for high UNa/K ratios were calculated using a logistic regression model with adjustment for age, sex, body

mass index, current smoking, current drinking and regular exercise, living alone or not, and having a decreased income or not

Multivariate-adjusted ORs (Model 2) for high UNa/K ratios were calculated using a logistic regression model with adjustment for age, sex, body
mass index, current smoking, current drinking and regular exercise, living alone or not, having a decreased income or not, and residential state

Multivariate-adjusted ORs (Model 3) for high UNa/K ratios were calculated using a logistic regression model with adjustment for age, sex, body
mass index, systolic blood pressure, estimated glomerular filtration rate, hemoglobin Alc and low-density lipoprotein cholesterol levels, K6 score,
current smoking, current drinking and regular exercise, living alone or not, and having a decreased income or not

The cutoff was the 75th percentile in UNa/K ratio for each sex in the study group. The UNa/K ratio in the 75th percentile or higher was defined as

“high UNa/K ratio.” The 75th percentile in UNa/K ratio was 5.09% for men and 4.76% for women

UNa/K ratio urine sodium-to-potassium ratio, 7C total collapse, HC half collapse, PC partial collapse, ND no damage, OR odds ratio, CI

confidence interval
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shown that victims living in shelters or temporary housing
tend to be immobile [33], to gain weight [33, 34], and to
change their dietary patterns [35]. Second, lower socio-
economic status (SES) has been reported to be associated
with a higher UNa/K ratio because lower SES might be
associated with less consumption of fruits and vegetables
[36]. In this study, a large proportion of participants whose
houses collapsed during the GEJE underwent a decrease in
income. The house collapse event might have negatively
affected the victims’ SES, including their income, and this
may partly account for the association between house col-
lapse and UNa/K ratio. Relocation after a house collapse
might have also deteriorated the victims’ SES. In a study
involving 6 528 survivors of the GEJE, relocation was
associated with several disaster-related unhealthy conditions
and lifestyles, including smoking, physical inactivity, psy-
chological distress, and socioeconomic deprivation [37].
Third, psychological distress is also one of the factors
known to be associated with poor dietary intake; for
example, people with depression tend not to consume fresh
foods [38, 39]. In our study, participants who experienced
house collapse showed significantly higher K6 scores,
indicating worse mental health status. Therefore, mental
health problems might have also aggravated the dietary and
nutritional intake of participants who experienced house
collapse during the GEJE.

This study had some limitations. First, the study used
spot urine samples instead of 24-h urine samples; thus, the
electrolyte levels may fluctuate depending on the collection
time, which might lead to underestimated values. However,
several recent epidemiological studies [21, 40] used spot
urine samples instead of 24-h urine samples to estimate
usual sodium or potassium intake. These studies succeeded
in elucidating the traditional correlations between the UNa/
K ratio in spot urine and CVD risk or hypertension [21, 40].
Therefore, the use of spot urine samples to determine the
UNa/K ratio is appropriate for population analysis. Second,
the participants in this study comprised those who under-
went health check-ups. This could mean that they might
have been more conscious of their health than the general
population living in the same area. Therefore, the mean
levels of the UNa/K ratio might have been underestimated
compared with those of the general population living in the
same area. Third, the living status might have also affected
the UNa/K ratio. The participants in temporary housing may
have been receiving full support regarding their physical
and mental health or daily living needs, which may partly
account for the underestimation of the TC group. Fourth, as
an indicator for SES, we focused on the decrease in income
but not on the absolute income level, because the ques-
tionnaire did not include this parameter as an item. Lastly,
as mentioned above, this study was a cross-sectional study;
thus, a causal relationship cannot be inferred.

SPRINGER NATURE

In summary, this study revealed that victims whose
houses collapsed due to the 2011 GEJE had a significantly
higher UNa/K ratio than those whose houses did not sustain
damage. Our findings suggest that victims who experienced
a natural disaster tend to have an unbalanced diet in terms of
the sodium and potassium ratio. Therefore, disaster victims
should receive nutritional interventions comprising a diet
with low sodium-to-potassium ratio, including fresh fruits
and vegetables, to maintain a healthy status and to prevent
hypertension or CVD. Future studies using controlled trials
should confirm whether nutritional interventions benefit
disaster victims by preventing CVD incidence.
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All data relevant to the study are included in the article or
uploaded as supplementary information.
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