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Altitudes of residential areas affect salt intake in a rural
area in Japan: a Shimane CoHRE Study

Sonia I Ferdaus1,2,3, Kunie Kohno3, Tsuyoshi Hamano3, Miwako Takeda3, Masayuki Yamasaki1,3,
Minoru Isomura2,3, Kuninori Shiwaku1,3 and Toru Nabika2,3

There is increasing evidence of an association between residential environments and hypertension. As shown in our previous

study, the inconvenience of the locations of residential areas may be one of the factors influencing the blood pressures of

inhabitants. Salt intake is one of the likely mediators between inconvenience and hypertension. Therefore, in this study, we

evaluated the association between the altitudes of residential areas and salt intake in a rural Japanese region because altitude

may be one of the proxies for inconvenience. In this cross-sectional study, 1016 participants living in a mountainous region in

Japan were recruited during health examinations. The altitude of each participant’s residence was estimated using a geographic

information system. Subjects were divided into quartile groups according to the altitudes of their residences. To evaluate salt

intake, we employed the 24-h salt intake estimation of Kawano et al. (e24-h salt intake) and the urinary sodium-to-potassium

ratio (uNa/K). Linear regression analyses indicated that altitude was an independent factor influencing both e24-h salt intake

and uNa/K after adjustments for age, sex, body mass index, physical activity, alcohol consumption, triglycerides and county of

residence. The same result was observed when the subjects who did not take antihypertensive medications were analyzed

(N=633). The present study indicated that altitude of residence had a significant positive influence on salt intake in a rural

area of Japan.
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INTRODUCTION

There is a growing interest in the association between residential
environments and hypertension.1–5 Residential environments have
both physical (for example, climate and geography) and social (for
example, socioeconomic conditions and social capital) aspects that
may contribute to individual health.6 Inconvenience in daily life may
be one such factor. Japan has wide mountainous regions (hilly and
mountainous areas make up ~ 70% of the land) in which people have
greatly reduced access to facilities that support their health and daily
lives (grocery stores, hospitals and so on).7–9

In a previous study, we showed that distance from an urban
area influenced the average blood pressure (BP) of inhabitants.10

Considering the mechanisms underlying this observation, we hypothe-
sized that inconvenience caused by geographic features may influence
salt intake, which may result in increased BPs.11 Evidence from
previous studies has revealed the cardiovascular complications and
negative effects on BPs caused by high salt intake.12–14 Furthermore, a
recent study in the UK reported that salt intake differed among
subjects according to their socioeconomic statuses and the geographi-
cal features of the places where they lived.15

Therefore, in this study, we examined the association between
altitudes of residence, which is a possible index of inconvenience in
Japan, and salt intake in a rural area.

MATERIALS AND METHODS

Participants
This cross-sectional population-based study was conducted as part of the
Shimane CoHRE Study, a cohort study designed to determine risk factors of
lifestyle-related diseases, including hypertension. Health examinations were
performed in six counties (Kakeya, Mitoya, Daito, Kamo, Yoshida and Kisuki)
located in Un-nan City in 2012. Un-nan City is located in a rural mountainous
area in the eastern part of Shimane Prefecture, Japan. People receiving health
examinations were invited to participate in the study and were included when
they gave written informed consent. After excluding individuals with missing
data, we recruited 1016 individuals who were included in the study. The study
was approved by the ethics committee at Shimane University.

Measurements
BP was measured in subjects twice with automatic sphygmomanometers after a
15-min rest period in the sitting position, and the lower value was taken as the
representative BP. An interview included questions regarding individuals’
history of hypertension, and their use of antihypertensive drugs was verified
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by checking the subject’s prescription records. Regular physical activity, alcohol
consumption and smoking habits were investigated in the interview as well.
Subjects who participated in 1 h or more of physical activity (for example,
walking) per day were categorized as having high physical activity. Drinkers
were defined as those who consumed alcohol once a week or more.
High-density and low-density lipoprotein cholesterol, triglycerides and

fasting blood glucose were measured in serum by standard methods.
Altitudes of residences were estimated with a geographic information system

based on the addresses of the participants (ESRI Japan, Tokyo, Japan). In the
analysis, subjects were divided into quartile groups according to their altitudes
of residence: 29–44m, N= 261; 45–68m, N= 237; 69–195m, N= 245 and
196–485m, N= 250.
We used two different parameters to evaluate salt intake: (1) estimated 24-h

salt intake (e24-h salt intake), which was calculated with the formula proposed
by Kawano et al.,16 and (2) the urinary sodium-to-potassium ratio (uNa/K).
The uNa/K has been reported to be an index of salt intake.17–19 A significant
correlation was observed between the e24-h salt intake and the log-transformed
uNa/K in the present study (Pearson’s r= 0.72; Po0.0001, see Supplementary
Figure 1). Although the ability of these methods to accurately estimate salt
intakes in individuals is limited, they are still useful and practical for estimating
salt intake in a large population.16–20 Spot urine samples were collected at the
site of the health examination, and the concentrations of sodium and potassium
were measured using the electrode method (TBA-c16000, Toshiba Medical
System Corporation, Tochigi, Japan).

Statistical analysis
All of the measures were represented as the mean± the s.d. Parameters
influencing salt intake were analyzed by the linear regression analysis. We used
a linear regression analysis instead of a multilevel analysis because (1) the
number of counties analyzed here was rather small and (2) the subjects in this
study were not to be stratified, because they voluntarily participated in the
study. In addition, the counties studied covered a wide area, allowing for
substantial randomization. Furthermore, regression coefficients provided by the
linear regression analysis were a useful parameter for interpreting the results.
Po0.05 was considered statistically significant. All of the statistical analyses
were performed using JMP 11 (SAS Institute, Cary, NC, USA) and SPSS (v.23,
IBM, Armonk, NY, USA).

RESULTS

Characteristics of the studied population are displayed in Table 1. We
found significant differences in the e24-h salt intakes as well as in the
uNa/K results between the quartiles according to the altitudes of
residence. A post-hoc analysis indicated that the e24-h salt intakes and
the uNa/K measures were significantly different between quartile (Q) 1
and the other quartiles (Dunnett’s test using Q1 as the reference).
Factors influencing the salt intake are presented in Table 2. In

Spearman’s non-parametric correlation analysis, sex, age, body mass
index, systolic and diastolic BPs (SBP and DBP, respectively), high-
density lipoprotein cholesterol, TG and alcohol consumption were
found to have significant correlations with salt intake in addition to
the altitude of residence. In addition to the factors included in this
univariate analysis, we accounted for effects of the county of residence;
as presented in Figure 1, the county of residence appeared to have an
effect on the e24-h salt intake independent of the altitude.
Therefore, we performed a linear regression analysis on the e24-h

salt intake and included the county of residence as a nominal variance.
Because BP was probably the result of salt intake, we excluded SBP
and DBP from the model. The results are summarized in Table 3.
Even if the county of residence was included in the model, the altitude
displayed an independent effect on the salt intake in addition to sex,
age, body mass index and physical activity. Collinearity among the
parameters was not high when variance inflation factors were
calculated (the maximal variance inflation factor for the altitude was
1.96). When the analysis was performed on the uNa/K measurements,

the altitude was a significant independent factor influencing it in
parallel with sex and the county of residence (see Table 4). The
addition of SBP (or DBP) in the model did not affect the results; the
altitude was still an independent factor affecting the salt intake (data
not shown). Adjusted e24-h salt intakes and uNa/K measurements
according to the county of residence and altitude are summarized in
Supplementary Table 1.
Out of all of the participants, 383 were receiving treatment with

antihypertensive drugs. Therefore, we performed the same analysis on
those who were not taking antihypertensive drugs (N= 633) to avoid
potential perturbation by antihypertensive treatment. The results
indicated that the effect of altitude was significant in this population
as well (Supplementary Table 2).

Table 1 Demographic data of the studied subjects

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P

Number 261 237 245 250

Altitude, m 38±5 53±6 125±38 307±82 o0.0001

Sex, % male 37.2 38.8 40.4 40.8 0.8

Age, years 71±7 70±8 70±7 71±7 0.02

BMI, kgm−2 22.2±3.2 22.3±3.5 21.9±2.7 22.6±2.9 0.06

SBP, mmHg 129±16 128±15 127±15 128±15 0.8

DBP, mmHg 77±10 78±10 76±10 77±10 0.3

Physical activity,

%yes

47.3 46.6 47.5 51.2 0.7

Drinking, % 44.7 42.5 54.5 46.8 0.04

Smoking, % 5.3 6.5 4.3 5.2 0.8

e24-h salt intake,

g per day

9.2±2.0 9.7±2.0 9.6±2.2 9.7±2.0 0.02

uNa/K 2.3±1.6 2.6±1.6 2.6±1.7 2.6±1.7 0.01

HDL-C, mg dl−1 66±14 64±17 66±15 63±16 0.2

LDL-C, mg dl−1 123±28 124±27 118±29 122±30 0.1

TG, mg dl−1 85±1.5 89±1.5 83±1.5 83±1.5 0.3

FBG, mg dl−1 96±15 95±13 96±13 96±13 0.8

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood
glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
SBP, systolic blood pressure; TG, triglyceride.
Log-transformed uNa/K and TG were used in the analysis. The means and the s.d. calculated
back to the untransformed form were shown in the table.

Table 2 Factors correlated with e24-h salt intake

ρ P

Sex, M vs. F 0.11 0.0003

Age −0.11 0.0008

BMI 0.18 o0.0001

SBP 0.17 o0.0001

DBP 0.16 o0.0001

HDL-C −0.06 0.05

LDL-C −0.03 0.3

TG 0.08 0.006

FBG −0.05 0.09

Smoking, Y vs. N 0.004 0.9

Drinking, Y vs. N 0.10 0.002

Physical activity, Y vs. N 0.05 0.08

Altitude, quartile 0.10 0.002

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; F, female; FBG, fasting
blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; M, male; N, no; SBP, systolic blood pressure; TG, triglyceride; Y, yes.
Spearman’s ρ was employed in the analysis.
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DISCUSSION

To the best of our knowledge, this is the first study to examine the
association between altitude of residence and salt intake. The major
finding of our study was that salt intake was associated with higher
altitudes in a rural area of Japan. This association seemed robust even
after adjusting for the county of residence (see Table 3). Furthermore,

the same significant association was observed after excluding the
subjects taking antihypertensive drugs (Supplementary Table 1) and
between the altitude and uNa/K measurements, which are another
estimate of daily salt intake (see Table 4).
Previous studies noted that climbing at high altitudes acutely

increased BP.21,22 Several factors in addition to lower air pressure
have been suggested to be responsible for this, such as hypoxia, low
temperatures, wind, stress and dehydration.23,24 In contrast, chronic
effects of living at high altitudes have been controversial.25 However,
the subjects in this study lived at altitudes between 29 and 485m in
height. These are much lower than those in previous studies, which
usually included altitudes above 2000m. Accordingly, the effects of
altitude observed in this study were probably not consequences of
physical effects of the altitudes.
In this context, it is of interest that Tyrovolas et al. reported

that people living in mountainous regions (above 400m in height)
on Mediterranean islands had a greater incidence of metabolic
syndromes, including hypertension.26 They argued that people living
in mountainous regions had fewer opportunities to use health-
promoting facilities due to inconvenience or remoteness. To examine
whether similar inconveniences were indeed present in our popula-
tion, we assessed the number of food shops and bus stops in the
studied counties according to their altitudes using the geographic
information system. As expected, the results indicated that number of
these facilities decreased with increasing altitudes, suggesting that
living at high altitudes is more inconvenient (Supplementary Figure 2).
Based on the above analysis, it is possible to hypothesize that people
living at higher altitudes in this area might consume more processed
food, which contains more salt because of the reduced access to fresh
food. This hypothesis needs to be examined in future studies, and, if it
is confirmed, strategies for reducing consumption of processed foods
would be required.27

In addition to the altitude, it is of interest that physical activity
showed a positive effect on salt intake. Currently, we only have a
speculative explanation for this: increased food consumption might be
associated with increased physical activity, which might result in
increased salt intake. To prove this hypothesis, it will be necessary to
examine the food intake in this population. This has not been
done yet.
In contrast to salt intake, altitudes did not influence BP. When

factors influencing SBP were evaluated by a linear regression analysis,
the e24-h salt intake was a strong independent risk factor for increased
SBP (B± s.e.= 1.1± 0.2, Po0.0001), along with age and body mass
index (data not shown). This indicated that although the altitude did
indeed affect salt intake in this population, many other factors,
especially those related to the individual’s lifestyle, probably had a
larger influence on the salt intake and BP of each subject. In the
previous study, we showed that distance from an urban area was an
independent risk factor for hypertension.10 In that report, we argued
that distance from an urban area was a parameter representing
inconvenience as well. At the moment, we cannot provide a hypothesis
for the reason that altitude and distance from an urban area gave
different results for hypertension. Further analyses may be needed to
this inconsistency between the two parameters.
It is of interest that the county of residence had an independent

effect on the salt intake in addition to the altitude. Several parameters
were significantly different among the counties (see Supplementary
Table 3). Nevertheless, the effect of the county of residence
remained significant after these parameters were adjusted in a linear
regression analysis (see Table 3). Potential confounding factors, such

Table 3 Linear regression analysis on the e24-h salt intake

B± s.e. t P

Sex, M vs. F 0.40±0.13 3.16 0.002

Age −0.03±0.009 −2.90 0.004

BMI 0.11±0.02 5.18 o0.0001

Physical act, Y vs. N 0.27±0.12 2.19 0.03

Altitude 0.27±0.08 3.45 0.001

County, vs. Daito
Kakeya −1.18±0.24 −5.04 o0.0001

Yoshida −1.14±0.25 −4.53 o0.0001

Mitoya −0.44±0.18 −2.46 0.01

Kamo −0.62±0.24 −2.60 0.009

Kisuki −0.60±0.20 −3.06 0.002

Abbreviations: BMI, body mass index; F, female; M, male; N, no; Y, yes.
High-density lipoprotein cholesterol, triglyceride, drinking status and fasting blood glucose were
excluded from the independent factors by the analysis.
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Figure 1 Altitude and e24-h salt intake by county. A closed circle indicates
the median altitude and mean e24-h salt intake of each county. Vertical
lines and horizontal broken lines represent the s.d. of the e24-h salt intake
and the 25/75 percentiles of the altitude, respectively.

Table 4 Linear regression analysis on the urinary Na/K ratio

B± s.e. t P

Sex, M vs. F 0.05±0.01 3.59 o0.0001

Altitude 0.03±0.009 3.94 o0.0001

County, vs. Daito
Kakeya −0.11±0.03 −4.19 o0.0001

Yoshida −0.13±0.03 −4.65 o0.0001

Mitoya −0.007±0.01 −0.34 0.7

Kamo −0.06±0.03 −2.07 0.04

Kisuki −0.34±0.02 −1.56 0.1

Abbreviations: F, female; M, male.
Log transformation of Na/K ratio was done before the analysis due to a skewed distribution of
the ratio. Age, body mass index, high-density lipoprotein cholesterol, triglyceride, fasting blood
glucose, drinking status and the physical activity were excluded from independent factors by the
analysis.
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as differences in urbanization, might contribute to this observation.
Further analyses are warranted on this issue as well.
Our study has several limitations. First, owing to its cross-sectional

design, it was, in general, difficult to argue the causal relationship
between the independent and dependent parameters. However, in the
present case, it seems reasonable to assume that the altitude of
residence causally influences salt intake, because the opposite is not
likely. Second, our data did not allow for the assessment of other
important socioeconomic factors related to hypertension, such as
income, education and occupation, which could be confounding
factors that explain the effect of the county of residence on salt intake
described above. In spite of these limitations, this is a unique study
evaluating the altitude of residence as a factor influencing people’s
dietary habits. The implementation of geographical factors as a risk
factor may be warranted in future studies of lifestyle-related diseases.
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