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Blood pressure elevation in hemodialysis patients
after the Great East Japan Earthquake

Yoshihiro Tani1, Masaaki Nakayama1, Kenichi Tanaka1, Yoshimitsu Hayashi1, Koichi Asahi1,
Tatsuhiko Kamata2, Masahiko Ogihara3, Keiji Sato4, Masato Matsushima5 and Tsuyoshi Watanabe1

A major earthquake measuring 9.0 on the Richter scale struck northeastern Japan at 2:46 pm on 11 March 2011. Several

reports have described transient increases in blood pressure after major earthquakes, but the impact of such increases on

hemodialysis patients has not been reported. We retrospectively investigated changes in blood pressure and influencing factors in

205 patients (mean age 66.6±13.0 years; male 51.7%; median dialysis vintage 6.0 (2.0–11.0) years) on chronic dialysis at

three dialysis centers in the affected area (Fukushima City) for 8 weeks after the earthquake. Pre-dialysis blood pressure was

significantly elevated at 1 week after the earthquake compared with baseline (systolic vs. diastolic blood pressure: 153.1±20.2/

80.1±13.5 vs. 148.6±20.0/77.5±12.8mmHg, Po0.001), similarly post-dialysis blood pressure was elevated for up to 8

weeks. Independent factors influencing changes in blood pressure after the earthquake comprised baseline blood pressure and

a-blockers. The earthquake induced a significant elevation in blood pressure among patients on chronic dialysis, and activation

of the sympathetic nervous system might at least in part be associated with the mechanism underlying this increase.
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INTRODUCTION

Acute and chronic psychological stress caused by natural disasters is
closely associated with a subsequent increase in cardiovascular
accidents and mortality.1,2 Stress induced by major disasters is
thought to activate the sympathetic nervous system.3,4 These
responses result in the development of metabolic and hemodynamic
alterations such as hyperlipidemia, hyperglycemia, endothelial
dysfunction, increased blood viscosity and increased blood pressure,
which are collectively referred to as disaster hypertension.5

The development of hypertension after disasters was initially
described in a 1948 study conducted after a fertilizer explosion in
Texas City, Texas, USA on 16 April 1947 killed over 500 people and
injured thousands.6 Since then, accumulating data have revealed a
causal relationship between major earthquakes and elevated blood
pressure in hypertensive patients.7–21 Such data include the 1980
Southern Italy earthquake (magnitude 6.7 on the Richter scale),7–9 the
1995 Hanshin-Awaji earthquake in Japan (magnitude 7.2 on the
Richter scale),10–15 the 1998 central Italy earthquake (magnitude 4.7
on the Richter scale),16 the 2004 Mid-Niigata earthquake (magnitude
6.8 on the Richter scale),17,18 the 2008 Wenchuan earthquake in China
(magnitude 8.0 on the Richter scale)19 and the 2011 Great East Japan
Earthquake (magnitude 9.0 on the Richter scale).21–23

Changes in blood pressure were discovered during clinic
visits,7–9,11,13,15,18,22 while measuring home blood pressure12,17,21,23

and during ambulatory blood pressure monitoring,10,14,16,19,20 and
the values returned to baseline within 6 weeks.11–13,15 Exaggerated
and prolonged activation of the sympathetic nervous system by
earthquake stress is supposed to be involved with this pathological
mechanism,3,4 and it could increase the risk for cardiovascular disease
(CVD) among the inhabitants of affected areas.24,25

Patients with chronic kidney disease, particularly those on main-
tenance dialysis therapy, are at high risk for CVD-related morbidity
and mortality,26–32 owing to various underlying factors such as fluid
accumulation, sympathetic nervous activation, arteriosclerosis and
endothelial dysfunction.33

Accordingly, the impact of natural disasters upon patients under-
going dialysis might have significant relevance, but no data have been
published in this regard. Here, we examined the impact of the Great
East Japan Earthquake on the blood pressure of patients undergoing
regular hemodialysis therapy in the devastated area.

METHODS

Study district and population
The Great East Japan Earthquake (magnitude 9.0 on the Richter scale) was

followed by a tsunami that struck the coast of northeastern Japan on 11 March

2011. The death toll was 15 841, with 3485 missing. Fukushima City

(population, 294 000), located 180 km from the epicenter, is an area that was

affected by the earthquake. Although the residents in the city faced transient
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damage to lifelines such as limited water and gasoline supplies during the

first week after the earthquake, the destruction of homes and buildings was

limited, and the city was not affected by the subsequent tsunami that hit the

coast. Approximately 900 patients were on regular dialysis in Fukushima City

before the earthquake (information obtained from The Japanese Society for

Dialysis Therapy survey conducted at the end of 2010).

We retrospectively analyzed blood pressure in 205 individuals who had been

undergoing regular hemodialysis at three dialysis centers in Fukushima City

(Fukushima Minami Junkankika (FM) Hospital, Ogihara (O) Clinic and Fujita

General (FG) Hospital) between 28 February and 7 May 2011. Table 1 shows

the profiles of the patients. We excluded patients who fled the coastal area that

was seriously damaged by the tsunami after the earthquake, those with

immediate relatives who died or were injured, those whose homes were

destroyed and those who were physically injured.

We defined the period from 28 February—5 March as baseline (1 week

before the earthquake) and the periods from 14 to 19 March, 21 to 26 March,

4 to 9 April, 18 to 23 April and 18 to 23 May as 1, 2, 4, 6 and 8 weeks,

respectively, after the earthquake. Importantly, no significant changes were

found in pre- and post-dialysis mean blood pressure values among 207

patients who had been treated at the three dialysis centers during the same

period of the previous year (between 1 March and 4 May 2010).

We analyzed the time course of changes in blood pressure among the

patients and possible influences on changes in the blood pressure after the

earthquake.

The Ethics Committees of Fukushima Medical University School of

Medicine approved the study protocol, which complied with the tenets of

the Declaration of Helsinki. The procedures and possible risks of the study

were explained to all of the patients, who then provided written informed

consent to participate.

Data collection
Systolic and diastolic blood pressure as well as pulse rates were measured in

supine participants using oscillometric devices provided with the dialysis

machines. Pre-dialysis blood pressure and pulse rates were measured after

5 min of rest and before the dialysis needle was inserted. Post-dialysis blood

pressure and pulse rates were recorded at 5 min after completing each

hemodialysis session. Values for blood pressure, pulse rate and body weight

at each time point were averaged for the analysis.

Clinical data were obtained from a review of the medical records of the

participants. We defined CVD as a history of myocardial infarction, coronary

artery bypass or angioplasty, carotid endarterectomy, stroke, peripheral

bypass, peripheral angioplasty or amputation. Diabetes was defined as plasma

glucose 4200 mg dl�1 at any time, fasting glucose 4126 mg dl�1 or the

use of insulin or oral hypoglycemic drugs. Hyperlipidemia was defined

as medication with lipid-lowering drugs or low-density lipoprotein cholesterol

4140 mg dl�1, triglycerides 4150 mg dl�1 and high-density lipoprotein

cholesterol o40 mg dl�1 in men and o50 mg dl�1 in women. A single sample

was taken from dry dialysis needles before the dialysis sessions started.

Statistical analysis
Continuous variables are expressed as the mean± s.d. for those with a normal

distribution and otherwise as median values and interquartile ranges. We

determined whether continuous variables such as blood pressure significantly

differed after the earthquake using a paired t-test or the Wilcoxon signed-rank

test with the Bonferroni correction. For example, when five tests were

predefined and conducted per variable (baseline vs. 1, 2, 4, 6 and 8 weeks),

0.05/5 (¼ 0.01) was considered significant to adjust for the a-level. We used

multiple regression analyses to assess anti-hypertensive agents such as renin–

angiotensin system inhibitors, calcium channel blockers, a-blockers, b-block-

ers, diuretics and direct renin inhibitors, which could contribute to changes in

blood pressure after disasters. Dichotomous variables were entered into

regression models as indicator variables (yes¼ 1; no¼ 0).

RESULTS

Among the 205 patients, 196 were on dialysis on 7 May 2011. Two
patients died, and seven fled or underwent dialysis at other centers
after the earthquake. The mean durations of dialysis were 4.3±0.6,
3.9±0.3, and 3.8±0.3 h at O clinic and at the FG and FM hospitals,
respectively, before the earthquake, and the duration was reduced to
3 h at all three dialysis centers during the 2 weeks after the earthquake.

Changes in blood pressure during the 8 weeks after the earthquake
Pre-dialysis systolic and diastolic blood pressures were significantly
elevated at 1 week after the earthquake compared with baseline
(Po0.01) (Table 2). However, these values returned to baseline at
2 weeks after the earthquake. Post-dialysis systolic blood pressure was
significantly elevated at 1, 2, 4, 6 and 8 weeks after the earthquake
compared with baseline (Po0.01), and post-dialysis diastolic blood
pressure remained significantly elevated at 1, 2 and 6 weeks after the
earthquake compared with baseline (Po0.01).

Table 1 Profiles of the patients

N¼205

Age (years) 66.6±13.0

Male, n (%) 106 (51.7)

Dialysis vintage (years) 6.0 (2.0–11.0)

Pre dialysis

Systolic blood pressure (mm Hg) 148.1±19.5

Diastolic blood pressure (mm Hg) 77.3±12.8

Pulse rate (per min) 77.0±11.9

Post dialysis

Systolic blood pressure (mm Hg) 141.7±20.8

Diastolic blood pressure (mm Hg) 75.2±12.5

Pulse rate (per min) 72.8±12.0

Body weight (kg) 54.5±11.6

Underlying kidney disease, n (%)

Diabetic nephropathy 79 (38.5)

Nephrosclerosis 49 (23.9)

Chronic glomerulonephritis 42 (20.5)

Others 35 (17.0)

Comorbidity, n (%)

Hypertension 187 (91.2)

Diabetes 87 (42.4)

Hyperlipidemia 54 (26.3)

Medical history, n (%)

Cardiovascular disease 69 (33.7)

Anti-hypertensive agents, n (%)

RAS-I 144 (70.2)

CCB 124 (60.5)

a-Blockers 42 (20.5)

b-Blockers 38 (18.5)

Diuretics 59 (28.8)

DRI 24 (11.7)

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor
blocker; CCB, calcium channel blocker; DRI, direct renin inhibitor; RAS-I, renin–angiotensin
system inhibitor.
Numerical data are presented as means±s.d. for normal distribution, and otherwise as
medians and interquartile ranges (dialysis vintage). Categorical variables are expressed as
ratios (%).
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Factors influencing changes in blood pressure
We analyzed possible factors influencing the significant change in
blood pressure during the first week after the earthquake (Table 3).
Multivariate regression analysis was used to compare pre- (or post-)
dialysis systolic (or diastolic) blood pressure at 1 week after the
earthquake with baseline as a dependent variable. The adjusted
potential confounding variables in these regression models were age,
gender, dialysis vintage, hypertension, diabetes, hyperlipidemia, CVD,
pre- (or post-) dialysis systolic (or diastolic) blood pressure at
baseline, pre- (or post-) dialysis heart rate at baseline and anti-
hypertensive agents.

Pre-dialysis systolic blood pressure at baseline was identified as an
independent factor influencing a change in the pre-dialysis systolic
blood pressure at 1 week after the earthquake (b�0.29, Po0.01).
Baseline post-dialysis systolic (or diastolic) blood pressure was also
independently related to changes in post-dialysis systolic (or diastolic)
blood pressure at 1 week after the earthquake (systolic, b�0.30,
Po0.01; diastolic, b�0.19, Po0.01).

Among the anti-hypertensive agents, a-blockers were identified
as independent suppressive factors of a change in pre-dialysis
systolic blood pressure at 1 week after the earthquake (b�0.15,
P¼ 0.03). Furthermore, multivariate analysis revealed that a-blockers
remained an independent factor for changes in systolic and diastolic
blood pressure for several weeks after the earthquake (Supplementary
Data).

Moreover, renin–angiotensin system inhibitors were also identified
as an independent suppressive factor for a change in pre-dialysis
diastolic blood pressure but only at 1 week after the earthquake
(b�0.15, P¼ 0.03) (Supplementary Data). Figure 1 shows the
changes in blood pressure over a period of 8 weeks in patients with
or without a-blockers.

DISCUSSION

This study is the first to show the time course of changes in blood
pressure among patients on regular dialysis after a major earthquake.
Blood pressure became significantly elevated in hemodialysis patients
after the Great East Japan Earthquake. Moreover, blood pressure at
baseline and treatment with a-blockers were significantly associated
with changes in blood pressure.

Blood pressure in patients with low blood pressure at baseline
significantly changed after the earthquake. Accordingly, the results
might suggest that patients with relatively low blood pressure at
baseline tended to be more affected by the earthquake, possibly due to
exaggerated sympathetic activation. Whether such patients could be at
high risk of CVD development after earthquakes might be clinically
significant and should be assessed in the future.

Stress activates the sympathetic nervous system3,4 and influences
the aggravation of blood pressure.34–37 We found that blood pressure
was less aggravated in patients treated with a-blockers (Figure 1),
which comprised an independent suppressive factor for changes in
blood pressure during the study period even after adjusting for
confounders. These findings indicated that sympathetic activation has
a central role in the mechanism of blood pressure elevation after
earthquakes. In addition, renin–angiotensin system inhibitors were
also an independent suppressive factor for changes in pre-dialysis
diastolic blood pressure but only during the first week after the
earthquake. We speculate that a reduced circulating blood volume
transiently activated the renin–angiotensin system during this time.
This hypothesis needs to be tested in the future.

This study has some limitations. First, the post-observational
protocol cannot completely exclude all factors that might influence
the control of blood pressure, such as temperature, salt intake and
individual variations in the ability to cope with external stress.

Table 2 Changes in pre- and post-dialysis systolic and diastolic blood pressure, body weight, pulse rate and laboratory parameters between

baseline values and 1–8 weeks after the earthquake

Baseline 1 Week 2 Weeks 4 Weeks 6 Weeks 8 Weeks

Pre dialysis

Systolic blood pressure (mmHg) 148.6±20.0 153.1±20.2a 150.7±19.8 147.1±19.2 150.9±20.0 149.6±19.0

Diastolic blood pressure (mm Hg) 77.5±12.8 80.1±13.5a 78.6±12.0 77.0±12.2 78.0±12.3 77.1±11.7

Body weight (kg) 55.4 (47.7–64.7) 55.3 (47.5–64.3)a 55.2 (47.8–64.2)a 55.5 (47.7–64.6) 55.5 (47.7–64.6) 55.4 (47.8–64.6)

Pulse rate (per min) 75.6 (69.3–84.6) 76.3 (70.3–87.3)a 75.6 (67.0–83.3)a 74.0 (66.6–84.6) 76.0 (67.6–84.6) 75.0 (67.6–84.6)

Post dialysis

Systolic blood pressure (mmHg) 141.9±20.7 148.5±21.7a 149.8±20.6a 146.4±20.9a 148.7±22.1a 146.9±21.7a

Diastolic blood pressure (mm Hg) 75.2±12.2 77.7±12.9a 78.0±12.1a 76.4±12.8 77.3±13.3a 76.4±12.0

Body weight (kg) 53.1 (45.4–62.5) 53.3 (45.9–62.5) 53.4 (45.7–62.4) 53.3 (45.6–62.6) 53.2 (45.6–62.3)a 53.6 (45.6–62.3)a

Pulse rate (per min) 72.3 (62.6–79.3) 72.0 (64.0–80.0) 71.3 (62.3–79.6) 71.3 (64.0–80.6) 70.6 (62.6–78.0)a 69.6 (61.6–79.0)a

Laboratory parameters

Total protein (g dl�1) 6.4 (6.2–6.8) — 6.4 (6.1–6.8) — 6.5 (6.2–6.9) —

Hemoglobin (g dl�1) 10.0 (9.4–10.7) — 9.8 (9.1–10.5)a — 9.8 (9.1–10.4)a —

Urea (mg dl�1) 55.9±14.0 — 54.6±14.0 — 57.0±14.4 —

Creatinine (mg dl�1) 9.8 (7.9–11.3) — 9.9 (8.0–11.5)b — 9.8 (8.1–11.3) —

Uric acid (mg dl�1) 6.7±1.4 — 6.6±1.3 — 6.9±1.4b —

Sodium (mEq l�1) 140 (138–142) — 141 (139–143)a — 140 (139–142) —

Potassium (mEq l�1) 4.7±0.6 — 4.8±0.7 — 4.8±0.7 —

Chloride (mEq l�1) 105 (103–108) — 105 (104–108)b — 105 (103–105) —

Calcium (mg dl�1) 8.8 (8.4–9.2) — 8.7 (8.3–9.1)a — 8.7 (8.4–9.1)a —

Phosphorus (mg dl�1) 4.6 (3.9–5.3) — 4.5 (3.8–5.1) — 4.8 (4.1–5.5) —

Data are shown as means±s.d. for normal distribution and otherwise as medians and interquartile ranges. Differences between periods were evaluated using paired t-tests or the Wilcoxon signed
rank test with the Bonferroni multiple comparison correction. aPo0.01 and bP¼0.01 vs. baseline.
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Furthermore, we cannot provide control blood pressure values
derived from patients in Japan who had never been affected by the
earthquake because it was closely followed by the Fukushima-Daiichi
nuclear power plant disaster, which resulted in nationwide social
panic. However, blood pressure in patients on dialysis did not
significantly change at the three centers during the same period of

the year before the earthquake (2010). Therefore, disaster-related
factors most likely increased blood pressure in these patients. Second,
although several reports have documented increased heart rates after
earthquakes,7,8,16 the changes in heart rate were not significant in the
present study. We suppose that these contradictory findings may have
been influenced by the timing of data sampling and the medical

Table 3 Factors contributing to changes in blood pressure at 1 week after the earthquake

(A) Pre dialysis

Change in systolic blood pressure Change in diastolic blood pressure

Multivariate Multivariate

Univariate R2¼0.09 Univariate R2¼0.02

r P-value B P-value r P-value B P-value

Age (years) 0.10 0.06 NS 0.08 0.12 NS

Gender (male) �0.12 0.03 NS �0.06 0.18 NS

Dialysis vintage (years) �0.03 0.32 NS �0.07 0.15 NS

Hypertension �0.11 0.05 NS �0.12 0.33 NS

Diabetes �0.05 0.23 NS �0.01 0.42 NS

Hyperlipidemia 0.03 0.31 NS 0.05 0.22 NS

Cardiovascular disease 0.07 0.15 NS 0.07 0.13 NS

Pre-dialysis systolic/diastolic blood pressure at baseline (mm Hg) �0.33 o0.01 �0.29 o0.01 �2.00 o0.01 NS

Pre-dialysis heart rate at baseline (per min) �0.07 0.34 NS �0.05 0.42 NS

RAS-I �0.15 0.01 NS �0.15 0.01 �0.15 0.03

CCB �0.02 0.38 NS �0.05 0.20 NS

a-Blockers �0.19 o0.01 �0.15 0.03 �0.16 o0.01 NS

b-Blockers �0.09 0.08 NS �0.09 0.09 NS

Diuretics �0.09 0.09 NS �0.01 0.41 NS

DRI �0.08 0.11 NS �0.12 0.03 NS

(B) Post dialysis

Change in systolic blood pressure Change in diastolic blood pressure

Multivariate Multivariate

Univariate R2¼0.10 Univariate R2¼0.03

R P-value B P-value r P-value B P-value

Age (years) �0.01 0.39 NS �0.01 0.40 NS

Gender (male) �0.01 0.43 NS �0.05 0.22 NS

Dialysis vintage (years) �0.005 0.47 NS 0.02 0.38 NS

Hypertension 0.003 0.48 NS �0.005 0.47 NS

Diabetes �0.04 0.28 NS 0.002 0.48 NS

Hyperlipidemia 0.001 0.49 NS 0.03 0.29 NS

Cardiovascular disease 0.04 0.25 NS 0.02 0.35 NS

Post-dialysis systolic/ diastolic blood pressure at baseline (mm Hg) �0.25 o0.01 �0.30 o0.01 �0.18 o0.01 �0.19 o0.01

Post-dialysis heart rate at baseline (per min) 0.06 0.38 NS 0.02 0.38 NS

RAS-I 0.03 0.33 NS �0.01 0.43 NS

CCB 0.11 0.05 0.18 0.01 0.05 0.20 NS

a-Blockers �0.03 0.29 NS �0.11 0.05 NS

b-Blockers 0.01 0.39 NS �0.10 0.06 NS

Diuretics �0.06 0.18 NS �0.06 0.17 NS

DRI �0.02 0.37 NS �0.02 0.35 NS

Abbreviations: CCB calcium channel blocker; CVD, cardiovascular disease; DRI, direct renin inhibitor; RAS-I, renin–angiotensin inhibitor.
Multivariate logistic regression analysis included pre-dialysis changes in systolic (or diastolic) blood pressure at 1 week (A) and post-dialysis changes in systolic (or diastolic) blood pressure at
1 week (B) as dependent variables. Adjusted potential confounding variables comprised age, gender, dialysis vintage, hypertension, diabetes, hyperlipidemia, CVD, pre- (or post-) dialysis systolic
(or diastolic) blood pressure at baseline, pre- (or post-) dialysis heart rate at baseline, RAS-I, CCB, a-blockers, b-blockers, diuretics and DRI.
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backgrounds of the patients. The present study analyzed data from
maintenance hemodialysis patients several days after the disaster,
and this patient group is frequently associated with autonomic
dysfunction. Third, we could not exclude the possibility that excess
body fluid accumulation was associated with the mechanism of
elevated blood pressure among dialysis patients because brain
natriuretic peptide and human atrial natriuretic peptide data were
unavailable. Finally, 80% of the patients in the present study were
prescribed with calcium channel blockers and/or renin–angiotensin
system inhibitors, and none were prescribed only a-blockers.
Although we identified a-blockers as a significant factor for amelior-
ating earthquake hypertension, the clinical significance of this agent
remains to be determined.

In conclusion, the present study demonstrated that the Great East
Japan Earthquake significantly increased blood pressure in patients on
dialysis and that an activated sympathetic nervous system could be
involved, at least in part, in the mechanism.
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