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Abstract: Blood pressure responses to sodium intake are heterogeneous among populations.
Few studies have assessed occupational disparities in the association between sodium intake and
hypertension in older people. We used cross-sectional data from 14,292 participants aged 60 years
or older in Xiamen, China, in 2013. Self-reported salt-eating habit was examined with three levels:
low, medium, and high. The main lifetime occupation was classified into indoor laborer and outdoor
laborer. Multivariable logistic regression was used to examine associations of hypertension with
self-reported salt-eating habit, main lifetime occupation, and their interactions by adjusting for
some covariates, with further stratification by sex. Overall, 13,738 participants had complete data,
of whom 30.22% had hypertension. The prevalence of hypertension was 31.57%, 28.63%, and 31.97%
in participants who reported to have low, medium, and high salt-eating habit, respectively. Outdoor
laborers presented significantly lower prevalence of hypertension than indoor laborers (26.04% vs.
34.26%, p < 0.001). Indoor laborers with high salt-eating habit had the greatest odds of hypertension
(OR = 1.32, 95% CI [1.09–1.59]). An increased trend of odds in eating habit as salt-heavier was
presented in indoor laborers (p-trend = 0.048), especially for women (p-trend = 0.001). No clear
trend presented in men. Conclusively, sex-specific occupational disparities exist in the association
between self-reported salt-eating habit and hypertension in older individuals. Overlooking the
potential moderating role of sex and occupation might affect the relationship between sodium intake
and hypertension.

Keywords: dietary salt intake; hypertension; multivariable logistic regression; occupation;
older adults

1. Introduction

Hypertension has become the leading risk factor of death worldwide [1–4], especially in China,
because of the unprecedented rapid growth of the older population. A recent nationally-representative
study showed that more than half of Chinese people aged 60 years or older suffered from
hypertension [5], which is responsible for 11.7% of the total mortality [3]. Hypertension is the leading
risk factor for heart attack and stroke. An estimated 47% of ischemic heart disease and 54% of stroke
events were contributed by hypertension [2]. High blood pressure makes the heart work much harder
than it should, but no warning signs appear until the heart has been considerably damaged. Therefore,
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hypertension is called a “silent killer”. Nevertheless, it can still be prevented by controlling some
risk factors.

Excessive sodium is a risk factor for hypertension which has been well documented in
epidemiological [6,7] and clinical [8,9] studies. A previous meta-analysis included nine randomized,
controlled trials with 14 comparisons between low and normal sodium intake groups [8]. This
meta-analysis showed that low sodium intake decreased systolic blood pressure by 0.844 mmHg and
diastolic blood pressure by 0.87 mmHg. Some major health organizations, including the United States
Department of Agriculture, the Department of Health and Human Services, the Academy of Nutrition
and Dietetics, and the American Diabetes Association, provided a consensus recommendation that
humans should limit themselves to 1500 mg sodium intake, with no more than 2300 mg per day [10,11].

Nevertheless, whether reduction of sodium intake can decrease arterial blood pressure is still
controversial [12,13]. The Institute of Medicine has stated that there is insufficient evidence to
recommend sodium intake <2300 mg/day in the general population [14]. Additionally, there is
evidence that, for some special populations, low sodium intake may be associated with poorer health
outcomes [14]. A panel of experts has also reported that potential adverse effects could result from
a reduction in sodium intake, such as unhealthy changes in blood lipid and catecholamine levels,
and a decline in renal function [15–17]. Similarly, a recent study showed that salt intake was not
associated with systolic blood pressure [18]. The authors provided an explanation that the link
between salt and hypertension was overstated or more complex than once believed. A recent cohort
study concluded a J-shaped association between sodium intake and cardiovascular event, and the
populations who consume moderate sodium intake (3000–5000 mg/day) have the lowest risk of
cardiovascular event that indicated the complex link between sodium intake and blood pressure [19].
Furthermore, some investigators believe that blood pressure responses to alterations in sodium intake
are heterogeneous among different populations [20,21]. For example, some studies [22,23] have shown
that Black individuals excrete less sodium and have a higher blood pressure after saline administration
than White individuals. Therefore, further studies are required to better understand the relationship
between sodium intake and hypertension for different populations.

Sodium in the body mainly comes from salt in the diet and is excreted by sweat and urine to
maintain fluid balance. Sweat rates and sodium concentrations have been reported to be related
to occupational category [24]. Generally, individuals whose job involves a high air temperature,
strenuous physical activity, or a radiant heat source have a high potential to sweat more and this
may even lead to excessive sodium loss. Appropriate supplementation of salt is necessary for these
individuals. Therefore, we hypothesize that the amount of salt excretion is related to occupational
category and, because of this, there may be occupational disparities in the association between
sodium intake and hypertension. Additionally, because the effects of sodium intake on the blood
pressure regulation are cumulative [25] and dietary sodium consumption can predict future blood
pressure [26], the main lifetime occupation instead of current or most recent occupation was used here.
In addition, self-reported salt-eating habit has been proved to be an effective predictor of, or a proxy
for, actual dietary salt intake [27,28] and, thus, self-reported salt-eating habit was assessed in this study.
The present study aims to (1) determine the prevalence of hypertension in older adults in Xiamen and
(2) examine the association between dietary salt intake and hypertension in older people, taking into
account different types of main lifetime occupation.

2. Methods

2.1. Study Population

We carried out a cross-sectional survey among local household-registered adults aged 60 years or
older in Xiamen, China, in 2013. To create a baseline database, we proposed to cover 5% of overall
registered individuals aged 60 years or older in Xiamen, where there were 261,043 eligible subjects
at the time of this survey. Therefore, approximately 13,000 participants were needed. Additionally,
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for consideration of the effectiveness of returned questionnaires, we expanded our sample size by 10%.
Therefore, approximately 14,300 individuals were recruited. This survey took place from 1 August
to 2 November in 2013, and the participants were enrolled by a multi-stage sampling procedure.
In the first stage, sub-districts in Xiamen (38 sub-districts in total) were all selected. In stage two,
one third of communities were randomly sampled from each sub-district and a total of 173 communities
were finally included. Randomization of these communities was performed by computer-generated
random numbers. In stage three, participants were conveniently recruited from each community by
controlling for sex and age composition. The number of individuals to be sampled in each community
was determined according to its proportion of eligible older adults. Questionnaires included basic
demographic characteristics, activities of daily living, physical health, psychological health, and social
support. Questionnaires were completed by face-to-face interview. Interviewers read the questions
exactly as they appeared on the questionnaire. Choices of options were verbally provided by the
participants and the corresponding codes were then ticked in the questionnaires by the interviewers.
Finally, a total of 14,292 questionnaires were recovered. This study was approved by the ethical review
committee of the School of Public Health, Xiamen University. Written informed consent was obtained
for each participant in the first page of the questionnaire.

2.2. Measurements

The primary outcome in the present study was the status of hypertension. This was obtained by
the question of “Do you suffer from the following physician-diagnosed chronic diseases? (check all
that apply)”. Hypertension was the first option among the listed chronic diseases. If this option was
ticked, we assumed that the individual suffered from hypertension. Self-reported hypertension has
been verified to be highly correlated with physician’s records [29] and its reliability and validity has
been examined [30]. The exposure of interest was daily dietary salt intake, represented by self-reported
salt-eating habit, was assessed by the question of “What is your daily dietary habit?”, and three options
were provided: low, medium and high. Before the participants answered this question, the interviewers
showed them a teaspoon, which was promoted by the Center for Disease Control and Prevention (CDC)
in Xiamen (Figure 1). There were approximately 2 g of salt in one teaspoon, and the CDC in Xiamen
recommends that individuals should limit salt intake to less than 6 g/day (three teaspoons/day),
which approximately equates to 2300 mg of sodium. If the participant took three or less teaspoons
of salt per day, they were suggested to answer the questionnaire as “low”. If they took three to nine
teaspoons per day, they were “medium” and if took more than nine teaspoons, they were “high”.
We hypothesized that the main lifetime occupation was a modifier in the association between dietary
salt intake and hypertension, because the sweat rates and sodium concentrations in sweat were related
to the occupational type [24]. Occupation was classified into two categories, which were indoor
labor (including office worker in government, non-government and private company, production
line worker, waiter, housekeeping, individual merchant, housewife, and homemaker) and outdoor
labor (including farming, fishing, forestry, construction worker, and others who work in the open
air). Outdoor laborers were supposed to have a high sweat rate and excrete more sodium than indoor
laborers. Additionally, some demographic characteristics (age, sex, body mass index [BMI], marriage,
education, and the number of children), and life habits (smoking, alcohol drinking, and exercise)
were considered as covariates. Among them, BMI was classified into four categories according to
the BMI cut-off points for Chinese: <18.5 kg/m2 for underweight, (18.5–22.9) kg/m2 for normal
weight, (23.0–26.9) kg/m2 for overweight, and ě27 kg/m2 for obese [31]. Smoking (alcohol drinking)
was measured by the question that “How often do you smoke cigarettes (have drinking containing
alcohol)?”. Exercise was measured by the question that “How often do you do physical activities for
health (not including activities for work)?”. Since sex-specific differences in hypertension have been
frequently addressed, we further stratified the analyses by sex.
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Figure 1. Teaspoon which was promoted by Center for Disease Control and Prevention (CDC) in
Xiamen and used to assess the dietary salt intake. There were approximately 2 g of salt in one teaspoon,
and CDC in Xiamen recommended that individuals should limit the salt intake to less than 6 g/day
(three teaspoons). Chinese characters were circled and the translations were put beside them.

2.3. Statistical Analysis

First, we summarized the characteristics of participants by their status of hypertension using
descriptive statistics. Percentage distributions of participant for dietary salt intake in each occupational
category were also provided. The Chi-square test (for categorical variable) or Cochran-Armitage
trend test (for ordinal variables) was used to assess the associations between various factors and
hypertension status, and also to evaluate the association between self-reported salt-eating habit and
occupation. A p-value < 0.05 was considered statistically significant. Second, multivariable logistic
regression (Equation (1)) was performed to model the associations of hypertension with self-reported
salt-eating habit, occupation, and their interactions, adjusting for the covariates mentioned above.

logit rProbabilitypHqs „ Occupation + Salt + Occupation ˆ Salt + Covariates (1)

where H represented hypertension status, Occupation represented main lifetime occupation, Salt was
the self-reported salt-eating habit, and Covariates included sex, age level, education, BMI, marriage,
number of children, smoking, alcohol drinking, and exercise. Finally, we stratified the regression by sex.
Odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were estimated, where the indoor
laborer who reported to have low salt-eating habit was the reference category. The trends of odds ratio
in three levels of salt intake were evaluated by treating it as a continuous variable, i.e., coding low,
medium and high salt-eating habit as 0, 1, and 2, respectively. All the analyses were performed using
R script. More specifically, the logistic regression was performed using the function of glm() in the
package of “stats” and the ORs when accounted for interactions were estimated by the function of
glht() in the package of “multcomp” in R script.

3. Results

3.1. Hypertension Prevalence

Among the 14,292 recovered questionnaires, 213 had missing data on one or more adjustment
variables and 341 were long term jobless, and both were excluded. Table 1 shows the characteristics of
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the 13,738 participants according to the status of hypertension. The overall prevalence of hypertension
was 30.22%. Women presented significant higher prevalence of hypertension than men (p = 0.044).
As age advanced, the prevalence of hypertension increased (p < 0.001), and we found that the average
age was higher in hypertensive participants than in those who were not hypertensive (p < 0.001).
Although self-reported salt-eating habit was associated with hypertension status (p < 0.001 for
Chi-square test), but the trend was not significant (p = 0.976 for Cochran-Armitage trend test). Moreover,
multiple comparison tests indicated that individuals who reported to have medium salt-eating habit
had lower prevalence of hypertension than people with low or high salt-eating habit, with false
discovery rate adjusted p values 0.006 and 0.032, respectively. Indoor laborers presented significantly
higher prevalence of hypertension than outdoor laborers (p < 0.001). Unexpectedly, attainment of
a higher education appeared to be related to older adults being at a disadvantage in controlling
blood pressure as older people with a higher education had greater prevalence of hypertension
compared with those with a lower education (p < 0.001). Participants who had more children showed
higher prevalence of hypertension (p = 0.003). Conclusively, sex, age, salt-eating habit, main lifetime
occupation, education, number of children, smoking, and alcohol drinking were significantly associated
with hypertension status (p < 0.05). Table 2 depicted the percentage distributions of participant for
self-reported salt-eating habit in each occupational category stratified by sex. Most (>90%) of the
participants reported to have low or medium salt-eating habits. The percentages of high salt-eating
habit were higher for men than women (9.38% vs. 6.18%, p < 0.001). The Chi-square tests indicated
that self-reported salt-eating habit were associated with the occupational category (p < 0.001).

Table 1. Basic characteristics of 13,738 participants according to the status of hypertension.

Characteristic Normotension Hypertension Prevalence a (%) p b

Total, N 9586 4152 30.22

Sex, N (%) 0.044
Female 5033 (52.5) 2258 (54.38) 30.97
Male 4553 (47.5) 1894 (45.62) 29.38

Age, mean(SD)/years 70.92 (8.34) 72.91 (8.21) - <0.001
Age level, N (%) <0.001

60~ 2751 (28.7) 790 (19.03) 22.31
65~ 2211 (23.06) 858 (20.66) 27.96
70~ 1508 (15.73) 759 (18.28) 33.48
75~ 1416 (14.77) 786 (18.93) 35.69
80~ 961 (10.03) 575 (13.85) 37.43
85~ 739 (7.71) 384 (9.25) 34.19

Salt-eating habit, N (%) <0.001/0.976 d

Low 4283 (44.68) 1976 (47.59) 31.57
Medium 4584 (47.82) 1839 (44.29) 28.63
High 719 (7.5) 337 (8.12) 31.91

Occupation, N (%) <0.001
Indoor labor 4591 (47.89) 2393 (57.63) 34.26
Outdoor labor 4995 (52.11) 1759 (42.37) 26.04

Education, N (%) <0.001
Illiterate 3230 (33.69) 1295 (31.19) 28.62
Primary 3033 (31.64) 1169 (28.16) 27.82
Junior high school 1763 (18.39) 838 (20.18) 32.22
Senior high school and beyond 1560 (16.27) 850 (20.47) 35.27

BMI (kg/m2) c, N (%) 0.132
Underweight (<18.5) 477 (4.98) 189 (4.55) 28.38
Normal (18.5–22.9) 5733 (59.81) 2453 (59.08) 29.97
Overweight (23.0–26.9) 2735 (28.53) 1239 (29.84) 31.18
Obese (ě27) 641 (6.69) 271 (6.53) 29.71
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Table 1. Cont.

Characteristic Normotension Hypertension Prevalence a (%) p b

Marriage, N (%) 0.079
In-marriage 6730 (70.21) 2826 (68.06) 29.57
Single 98 (1.02) 42 (1.01) 30.00
Divorced 96 (1) 49 (1.18) 33.79
Widowed 2662 (27.77) 1235 (29.74) 31.69

Number of Children, N (%) 0.003
0 246 (2.57) 84 (2.02) 25.45
1 1482 (15.46) 578 (13.92) 28.06
2 2518 (26.27) 1112 (26.78) 30.63
ě3 5340 (55.71) 2378 (57.27) 30.81

Smoking, N (%) <0.001
Never 6024 (62.84) 2832 (68.21) 31.98
Sometimes 1365 (14.24) 489 (11.78) 26.38
Often 1660 (17.32) 526 (12.67) 24.06
Quit 537 (5.6) 305 (7.35) 36.22

Alcohol Drinking, N (%) <0.001
Never 6469 (67.48) 2896 (69.75) 30.92
Sometimes 2279 (23.77) 861 (20.74) 27.42
Often 491 (5.12) 193 (4.65) 28.22
Quit 347 (3.62) 202 (4.87) 36.79

Exercise, N (%) 0.057
Never 3602 (37.58) 1472 (35.45) 29.01
Sometimes 3505 (36.56) 1581 (38.08) 31.09
Often 2479 (25.86) 1099 (26.47) 30.72
a prevalence of hypertension; b p value of Chi-square test or Cochran-Armitage trend test to assess the
relationship between hypertension and the other variables. For the ordinal variables including age, salt-eating
habit, education, BMI, and number of children, Cochran-Armitage trend test was used, and for the others,
Chi-square test was used; c BMI: body mass index; d Both Chi-square test or Cochran-Armitage trend test were
used, obtaining p value < 0.001 and p value = 0.976, respectively.

Table 2. Percentage distributions of participant for self-reported salt-eating habit in each occupational
category stratified by sex.

Salt-Eating Habit Occupation, N (%) p a

Indoor Outdoor

Male (N = 6447) <0.001
Low 1201 (45.46) 1377 (36.19)
Medium 1179 (44.63) 2085 (54.80)
High 262 (9.92) 343 (9.01)

Female (N = 7291) <0.001
Low 2281 (52.53) 1400 (47.47)
Medium 1784 (41.09) 1375 (46.63)
High 277 (6.38) 174 (5.90)

a p value of Chi-square test to assess the association between dietary salt intake and occupation

3.2. Interactions of Occupation and Self-Reported Salt-Eating Habit on Hypertension

Table 3 shows the ORs with corresponding 95% CIs for joint association of occupation and
self-reported salt-eating habit on hypertension. Indoor laborers who reported to have low salt-eating
habit were the reference category. Among all of the groups, indoor laborers with high salt-eating
habit had the greatest odds of hypertension (OR = 1.32, 95% CI [1.09–1.59]). ORs of hypertension
for outdoor laborers were obviously lower than indoor laborers at all three levels of salt-eating habit.
Participants who consumed more dietary salt had higher odds of hypertension for indoor laborers
(p-trend = 0.048), but no clear trend was presented for outdoor laborers (p-trend = 0.091). ORs with
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corresponding 95% CIs stratified by sex are shown in Figure 2. Overall, female participants appeared
to have a greater variation in ORs under the same occupational category than male participants,
which may suggest that women were more salt sensitive. Additionally, an increased trend of odds
as eating habit was salt-heavier presented in female indoor laborers (p-trend = 0.001), but no such
trend, or even an opposed trend despite not statistically significant (p-trend = 0.186), was shown for
female outdoor laborers. No clear trend presented in men. Moreover, almost all of the ORs presented
higher for women than men in participants who were engaged in the same occupational category
and simultaneously had the same level of salt-eating habit. Outdoor laborers showed lower ORs than
indoor laborers for both men and women.

Table 3. Odds ratios (ORs) with 95% confidence intervals (CI) obtained from multivariable logistic
regression a.

Occupation Low Medium High
p-trend b

OR 95% CI OR 95% CI OR 95% CI

Indoor labor 1 - 1.01 0.91–1.13 1.32 1.09–1.59 0.048
Outdoor labor 0.84 0.75–0.95 0.75 0.67-0.85 0.75 0.60-0.94 0.091

a Estimates were adjusted sex, age, salt-eating habit, occupation, education, body mass index, marriage, number
of children, smoking, alcohol drinking, and exercise; b p-trend: p-value of trends for odds ratio for three levels of
self-reported salt-eating habit.
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Figure 2. Sex-stratified odds ratios with corresponding 95% confidence intervals of joint association of
self-reported salt-eating habit and main lifetime occupations on hypertension. The symbols indicate
point estimates of odd ratios and the vertical bars indicate the corresponding 95% confidence intervals.
Indoor laborers who reported to have low salt-eating habit in both sexes were the reference categories.
p-trend was p-value of trends for odds ratio for three levels of self-reported salt-eating habit.

4. Discussion

There is a growing consensus of opinion that a reduction in dietary salt intake has favorable effects
in controlling blood pressure. Numerous studies have shown the salt sensitivity is heterogeneous
among different populations [20,21]. While most research on hypertension has focused on some
non-modifiable factors, such as sex [32], genes [33,34], and race [35,36], involvement of occupational
disparities in the association between dietary salt intake and hypertension has been poorly investigated.
Different OR patterns among occupations may reflect the importance of occupational mediation. In this
study, varied OR patterns were observed in outdoor laborers and indoor laborers. We found that
female indoor laborers were most salt-sensitive, with significantly higher odds of hypertension when
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they reported to have higher salt-eating habits. However, such a disadvantage was not significant in
outdoor laborers and male indoor laborers.

Our study indicated that the joint association of self-reported salt-eating habit and main
lifetime occupation on hypertension was more pronounced in women than in men. Some previous
studies [37,38] have also reported that the blood pressure response to dietary salt intake is stronger
in women than in men. Such differences may be due to the effect of female sex hormones, such
as estrogen and progesterone, which are thought to be related to sodium reabsorption and water
retention [39,40]. Men might also excrete more salt (approximately 0.3 g/day) than women through
urine [41] which, in turn, makes men less salt sensitive. Additionally, in a previous study [42],
a significant interaction between perceived stress and occupation was observed in women only.
Perceived stress then contributes to elevated blood pressure. Similarly, a recent study on the effect
of working hours and hypertension in Koreans showed that there was a higher hazard ratio of
hypertension in female workers than male workers [43]. The authors explained that women have to
bear the burden of a job and domestic work, and moreover, the working burden is higher for female
workers than male workers.

In the present study, the prevalence of hypertension was higher in women than men. Although
pre-menopausal women have a lower rate of hypertension than age-matched men, their blood
pressure elevated much faster after menopause [44]. The women in this study were probably in
their post-menopause years as they were all aged 60+ years. The mechanisms by which blood pressure
increases in postmenopausal women were not completely understood, but there are some possibilities:
(1) post-menopausal women exhibit enhanced activation of the renin-angiotensin system, an important
regulator of blood pressure and fluid and sodium balance, and this contributes to salt retention and
the evolution of hypertension [45]; (2) women were found to have a tendency to gain weight during
the menopause [46], which makes them more prone to high blood pressure; (3) anxiety and depression
are common symptoms of the menopause [47], which may also negatively impact on the blood
pressure [48]; (4) post-menopausal women secrete slightly more testosterone than premenopausal
women [49], and this hormone may also contribute to elevated blood pressure by altering a number of
humoral factors [50,51].

In the current study, outdoor laborers showed a slightly decreased trend in the odds of
hypertension when they reported to have higher salt-eating habits, although the trend was not
significant (p-trend = 0.091). They perform a lot of physical activity during work and, thus, likely
have a higher sweat rate. Therefore, they may excrete more sodium. Proper supplementation of salt
can regulate blood pressure in a healthy manner [52]. Moreover, occupation can directly affect the
individual’s blood pressure through many other ways, such as working circumstances, working hours,
and stress [42,53,54]. A previous study suggested that working with high noise levels significantly
elevated blood pressure [53]. Individuals who work 40 h per week were 14% more likely to suffer from
hypertension than those who work between 11 and 39 h per week [55].

Education has been well demonstrated as a protecting factor for hypertension in developed
countries [56]; however, a reverse gradient result was presented in this study. Illiterate participants
showed the lowest prevalence of hypertension (28.62%) while those who received senior high school
or beyond showed the highest one (35.27%), with a p-value of trend <0.001. A similar result was also
found in populations in other developing countries, such as in Indians [57], Cuban men [58], Mexican
women [59], and Jamaican men [60]. Some have argued the reverse association could be caused by
dietary factors. Higher-educated participants always have a higher socioeconomic status and, thus,
may have higher income. However, among low-income populations, higher socioeconomic status may
be used to purchase “unnecessary” calories and, thus, increase the risk of hypertension [59]. Another
possible causation explaining the positive relationship between higher education and hypertension
could be that more educated people had higher rates of self-reported hypertension while less educated
people may have never heard of hypertension.
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5. Limitations of the Study

To the best of our knowledge, this is the first study to investigate the modification of occupation
on the association between dietary salt intake and hypertension. There are a number of strengths in
this study, including using recent, large-scale samples and stratifying the modification of occupation
by sex. Nevertheless, some limitations should also be acknowledged. First, despite a large sample size,
the findings were based on a cross-sectional survey in a single city. Salt-eating habits are regionally
characterized and, therefore, our results may be localized and, thus, limit the applicability of the
findings throughout the country. Previous study has revealed that mean northern sodium intake was
4733 mg/person/day, significantly higher than the southern 2491 mg/person/day [61]. Moreover,the
Xiamen CDC has pointed out that Xiamen residents usually have a light diet, and the average daily
salt intake per person is 8–10 g (approximately 3.14–3.93 g sodium). Second, the status of hypertension
was obtained by self-reported questionnaires and only physician-diagnosed hypertensive participants
were assumed to have hypertension. Therefore, we may have underestimated the prevalence of
hypertension. However, self-reported hypertension was highly correlated with physician’s records [29]
and its reliability and validity had been examined [30]. Moreover, for medical screening purposes,
people who were aged 60 years or older in Xiamen can participate in an annual physical examination
for free in recent years, including checking blood pressure. Third, the measurement of dietary salt
intake was rough and relatively subjective. Recently, inaccuracy of self-reported low sodium diet
among Chinese has been reported [62]. However, the samples in that study were all from Shangdong,
a province in Northern China where people consume significantly more sodium than subjects in
Xiamen [61]. Due to the higher average sodium intake, people in Northern China probably have
higher standard level of self-reported salt intake than Southern China and, therefore, the conclusion
that inaccuracy of a self-reported low sodium diet may merely be applicable for Northern China.
In addition, some articles have also pointed out that self-reported taste preference or salt-eating habit
can be a proxy for daily sodium intake [27,28]. To further confirm the relationships among occupation,
sex, sodium intake, and hypertension, studies using objective or quantitative measurements, such as
blood pressure and urinary sodium excretion, are urgently required. Fourth, changes in salt dietary
habits were not tracked. People may change their dietary habits in a healthy direction if they realize
the effects of salt intake on health. Tracking dietary habits of salt intake can effectively and accurately
assess its cumulative effect on hypertension.

6. Conclusions

In summary, there are sex-specific occupational disparities in the association between self-reported
salt-eating habit and hypertension. Female indoor laborers have the highest salt sensitivity. A reduction
in dietary salt intake may not have advantages in preventing hypertension among outdoor laborers.
Moreover, older women have a higher prevalence and greater variation in the ORs of hypertension.
Therefore, more detailed guidelines of sodium administration according to specifications of an
individual are required. Finally, to accurately confirm the relationships among sex, occupation, dietary
salt intake and hypertension, studies using objective or quantitative measurements are required.

Acknowledgments: This work was supported by National Natural Science Foundation of China (grant number
81573257); National Natural Science Foundation of China (grant number 81402768); National Natural Science
Foundation of China (grant number 71403229) and the Xiamen Committee on Ageing Fund (grant number
XDHT2013357A). We would like to thank the Xiamen Committee on Ageing for supporting this study. We are also
grateful to the students in School of Public Health, Xiamen University who participated in the data entry.

Author Contributions: Ya Fang and Bogang Teng conceived and designed the experiments; Wei Chen performed
the experiments; Manqiong Yuan analyzed the data; Manqiong Yuan, Bogang Teng, and Ya Fang wrote the paper;
Ya Fang critically revised the paper.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Environ. Res. Public Health 2016, 13, 148 10 of 13

References

1. He, J.; Gu, D.; Chen, J.; Wu, X.; Kelly, T.N.; Huang, J.F.; Chen, J.C.; Chen, C.S.; Bazzano, L.A.; Reynolds, K.; et al.
Premature deaths attributable to blood pressure in China: A prospective cohort study. Lancet 2009,
374, 1765–1772. [CrossRef]

2. Lawes, C.M.; Vander Hoorn, S.; Rodgers, A.; International Society of Hypertension. Global burden of
blood-pressure-related disease, 2001. Lancet 2008, 371, 1513–1518. [CrossRef]

3. He, J.; Gu, D.; Wu, X.; Reynolds, K.; Duan, X.; Yao, C.; Wang, J.; Chen, C.S.; Chen, J.; Wildman, R.P.; et al.
Major causes of death among men and women in China. N. Engl. J. Med. 2005, 353, 1124–1134. [CrossRef]
[PubMed]

4. Kearney, P.M.; Whelton, M.; Reynolds, K.; Muntner, P.; Whelton, P.K.; He, J. Global burden of hypertension:
Analysis of worldwide data. Lancet 2005, 365, 217–223. [CrossRef]

5. Sheng, C.S.; Liu, M.; Kang, Y.Y.; Wei, F.F.; Zhang, L.; Li, G.L.; Dong, Q.; Huang, Q.F.; Li, Y.; Wang, J.G.
Prevalence, awareness, treatment and control of hypertension in elderly Chinese. Hypertens. Res. 2013,
36, 824–828. [CrossRef] [PubMed]

6. Kumar, J.; Deshmukh, P.R.; Garg, B.S. Prevalence and correlates of sustained hypertension in adolescents of
rural Wardha, central India. Indian J. Pediatr. 2012, 79, 1206–1212. [CrossRef] [PubMed]

7. Dalai, N.; Cui, H.; Yan, M.; Rile, G.; Li, S.; Su, X. Risk factors for the development of essential hypertension
in a mongolian population of China: A case-control study. Genet. Mol. Res. 2014, 13, 3283–3291. [CrossRef]
[PubMed]

8. Cook, N.R.; Kumanyika, S.K.; Cutler, J.A. Effect of change in sodium excretion on change in blood pressure
corrected for measurement error. The trials of hypertension prevention, phase I. Am. J. Epidemiol. 1998,
148, 431–444. [CrossRef] [PubMed]

9. Sacks, F.M.; Svetkey, L.P.; Vollmer, W.M.; Appel, L.J.; Bray, G.A.; Harsha, D.; Obarzanek, E.; Conlin, P.R.;
Miller, E.R., 3rd; Simons-Morton, D.G.; et al. Effects on blood pressure of reduced dietary sodium and the
dietary approaches to stop hypertension (Dash) diet. Dash-sodium collaborative research group. N. Engl.
J. Med. 2001, 344, 3–10. [CrossRef] [PubMed]

10. U.S. Department of Agriculture; U.S. Department of Health and Human Services. Dietary Guidelines for
Americans, 2010, 7th ed.; U.S. Government Printing Office: Washington, DC, USA, 2010.

11. Evert, A.B.; Boucher, J.L.; Cypress, M.; Dunbar, S.A.; Franz, M.J.; Mayer-Davis, E.J.; Neumiller, J.J.;
Nwankwo, R.; Verdi, C.L.; Urbanski, P.; et al. Nutrition therapy recommendations for the management of
adults with diabetes. Diabetes Care 2013, 36, 3821–3842. [CrossRef] [PubMed]

12. Graudal, N.; Jurgens, G.; Baslund, B.; Alderman, M.H. Compared with usual sodium intake, low- and
excessive-sodium diets are associated with increased mortality: A meta-analysis. Am. J. Hypertens. 2014,
27, 1129–1137. [CrossRef] [PubMed]

13. Whelton, P.K.; Appel, L.J. Sodium and cardiovascular disease: What the data show. Am. J. Hypertens. 2014,
27, 1143–1145. [CrossRef] [PubMed]

14. Alderman, M.H.; Cohen, H.W. The iom report fails to detect evidence to support dietary sodium guidelines.
Am. J. Hypertens. 2013, 26, 1198–1200. [CrossRef] [PubMed]

15. Alderman, M.H.; Cohen, H.W. Dietary sodium intake and cardiovascular mortality: Controversy resolved?
Curr. Hypertens. Rep. 2012, 14, 193–201. [CrossRef] [PubMed]

16. Graudal, N.A.; Hubeck-Graudal, T.; Jurgens, G. Effects of low sodium diet versus high sodium diet on blood
pressure, renin, aldosterone, catecholamines, cholesterol, and triglyceride. Cochrane Database Syst. Rev. 2011,
CD004022. [CrossRef]

17. Alderman, M.H. Reducing dietary sodium: The case for caution. JAMA 2010, 303, 448–449. [CrossRef]
[PubMed]

18. Lelong, H.; Galan, P.; Kesse-Guyot, E.; Fezeu, L.; Hercberg, S.; Blacher, J. Relationship between nutrition and
blood pressure: A cross-sectional analysis from the nutrinet-sante study, a french web-based cohort study.
Am. J. Hypertens. 2015, 28, 362–371. [CrossRef] [PubMed]

19. O’Donnell, M.J.; Yusuf, S.; Mente, A.; Gao, P.; Mann, J.F.; Teo, K.; McQueen, M.; Sleight, P.; Sharma, A.M.;
Dans, A.; et al. Urinary sodium and potassium excretion and risk of cardiovascular events. JAMA 2011,
306, 2229–2238. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/S0140-6736(09)61199-5
http://dx.doi.org/10.1016/S0140-6736(08)60655-8
http://dx.doi.org/10.1056/NEJMsa050467
http://www.ncbi.nlm.nih.gov/pubmed/16162883
http://dx.doi.org/10.1016/S0140-6736(05)70151-3
http://dx.doi.org/10.1038/hr.2013.57
http://www.ncbi.nlm.nih.gov/pubmed/23759756
http://dx.doi.org/10.1007/s12098-011-0663-y
http://www.ncbi.nlm.nih.gov/pubmed/22203427
http://dx.doi.org/10.4238/2014.April.29.6
http://www.ncbi.nlm.nih.gov/pubmed/24841660
http://dx.doi.org/10.1093/oxfordjournals.aje.a009668
http://www.ncbi.nlm.nih.gov/pubmed/9737555
http://dx.doi.org/10.1056/NEJM200101043440101
http://www.ncbi.nlm.nih.gov/pubmed/11136953
http://dx.doi.org/10.2337/dc13-2042
http://www.ncbi.nlm.nih.gov/pubmed/24107659
http://dx.doi.org/10.1093/ajh/hpu028
http://www.ncbi.nlm.nih.gov/pubmed/24651634
http://dx.doi.org/10.1093/ajh/hpu138
http://www.ncbi.nlm.nih.gov/pubmed/25122868
http://dx.doi.org/10.1093/ajh/hpt150
http://www.ncbi.nlm.nih.gov/pubmed/24042549
http://dx.doi.org/10.1007/s11906-012-0275-6
http://www.ncbi.nlm.nih.gov/pubmed/22639013
http://dx.doi.org/10.1002/14651858.CD004022.pub3
http://dx.doi.org/10.1001/jama.2010.69
http://www.ncbi.nlm.nih.gov/pubmed/20124541
http://dx.doi.org/10.1093/ajh/hpu164
http://www.ncbi.nlm.nih.gov/pubmed/25189870
http://dx.doi.org/10.1001/jama.2011.1729
http://www.ncbi.nlm.nih.gov/pubmed/22110105


Int. J. Environ. Res. Public Health 2016, 13, 148 11 of 13

20. Peters, R.M.; Flack, J.M. Salt sensitivity and hypertension in african Americans: Implications for
cardiovascular nurses. Prog. Cardiovasc. Nurs. 2000, 15, 138–144. [CrossRef] [PubMed]

21. Haddy, F.J. Salt-sensitive hypertension. N. Engl. J. Med. 2002, 347, 448–449. [PubMed]
22. Luft, F.C.; Grim, C.E.; Fineberg, N.; Weinberger, M.C. Effects of volume expansion and contraction in

normotensive whites, blacks, and subjects of different ages. Circulation 1979, 59, 643–650. [CrossRef]
[PubMed]

23. Wright, J.T., Jr.; Rahman, M.; Scarpa, A.; Fatholahi, M.; Griffin, V.; Jean-Baptiste, R.; Islam, M.; Eissa, M.;
White, S.; Douglas, J.G. Determinants of salt sensitivity in black and white normotensive and hypertensive
women. Hypertension 2003, 42, 1087–1092. [CrossRef] [PubMed]

24. Bates, G.P.; Miller, V.S. Sweat rate and sodium loss during work in the heat. J. Occup. Med. Toxicol. 2008, 3, 4.
[CrossRef] [PubMed]

25. Gu, J.W.; Bailey, A.P.; Tan, W.; Shparago, M.; Young, E. Long-term high salt diet causes hypertension and
decreases renal expression of vascular endothelial growth factor in sprague-dawley rats. J. Am. Soc. Hypertens.
2008, 2, 275–285. [CrossRef] [PubMed]

26. Takase, H.; Sugiura, T.; Kimura, G.; Ohte, N.; Dohi, Y. Dietary sodium consumption predicts future blood
pressure and incident hypertension in the Japanese normotensive general population. J. Am. Heart Assoc.
2015, 4, e001959. [CrossRef] [PubMed]

27. Takachi, R.; Ishihara, J.; Iwasaki, M.; Ishii, Y.; Tsugane, S. Self-reported taste preference can be a proxy for
daily sodium intake in middle-aged Japanese adults. J. Acad. Nutr. Diet. 2014, 114, 781–787. [CrossRef]
[PubMed]

28. Lee, H.; Cho, H.J.; Bae, E.; Kim, Y.C.; Kim, S.; Chin, H.J. Not salt taste perception but self-reported salt eating
habit predicts actual salt intake. J. Korean Med. Sci. 2014, 29, S91–S96. [CrossRef] [PubMed]

29. Okura, Y.; Urban, L.H.; Mahoney, D.W.; Jacobsen, S.J.; Rodeheffer, R.J. Agreement between self-report
questionnaires and medical record data was substantial for diabetes, hypertension, myocardial infarction
and stroke but not for heart failure. J. Clin. Epidemiol. 2004, 57, 1096–1103. [CrossRef] [PubMed]

30. Vargas, C.M.; Burt, V.L.; Gillum, R.F.; Pamuk, E.R. Validity of self-reported hypertension in the national
health and nutrition examination survey III, 1988–1991. Prev. Med. 1997, 26, 678–685. [CrossRef] [PubMed]

31. Wildman, R.P.; Gu, D.; Reynolds, K.; Duan, X.; He, J. Appropriate body mass index and waist circumference
cutoffs for categorization of overweight and central adiposity among chinese adults. Am. J. Clin. Nutr. 2004,
80, 1129–1136. [PubMed]

32. Thrift, A.G.; Evans, R.G.; Kalyanram, K.; Kartik, K.; Fitzgerald, S.M.; Srikanth, V. Gender-specific effects
of caste and salt on hypertension in poverty: A population-based study. J. Hypertens. 2011, 29, 443–450.
[CrossRef] [PubMed]

33. Kishimoto, T.; Suyama, A.; Igarashi, A.; Osaki, Y.; Okamoto, M.; Yamamoto, T.; Nanba, E.; Kurosawa, Y.;
Fukumoto, S. Angiotensinogen gene variation and hypertension in a cohort study in Japanese. J. Epidemiol.
2001, 11, 115–119. [CrossRef] [PubMed]

34. Verwoert, G.C.; Hofland, J.; Amin, N.; Mattace-Raso, F.U.; Sijbrands, E.J.; Hofman, A.; van den
Meiracker, A.H.; Uitterlinden, A.G.; van Duijn, C.M.; de Jong, F.H.; et al. Expression and gene
variation studies deny association of human HSD3B1 gene with aldosterone production or blood pressure.
Am. J. Hypertens. 2015, 28, 113–120. [CrossRef] [PubMed]

35. Jones, D.W.; Hall, J.E. Racial and ethnic differences in blood pressure: Biology and sociology. Circulation
2006, 114, 2757–2759. [CrossRef] [PubMed]

36. Naidu, B.R.; Ngeow, Y.F.; Pang, T. Ethnic distribution of chlamydophila pneumoniae antibodies in a
Malaysian population and possible correlation with coronary heart disease. Eur. J. Epidemiol. 2003,
18, 135–137. [CrossRef] [PubMed]

37. He, J.; Gu, D.; Chen, J.; Jaquish, C.E.; Rao, D.C.; Hixson, J.E.; Chen, J.C.; Duan, X.; Huang, J.F.; Chen, C.S.; et al.
Gender difference in blood pressure responses to dietary sodium intervention in the gensalt study.
J. Hypertens. 2009, 27, 48–54. [CrossRef] [PubMed]

38. Wesseling, S.; Koeners, M.P.; Joles, J.A. Salt sensitivity of blood pressure: Developmental and sex-related
effects. Am. J. Clin. Nutr. 2011, 94, 1928S–1932S. [CrossRef] [PubMed]

39. Stachenfeld, N.S.; Taylor, H.S. Effects of estrogen and progesterone administration on extracellular fluid.
J. Appl. Physiol. 2004, 96, 1011–1018. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/j.0889-7204.2000.080404.x
http://www.ncbi.nlm.nih.gov/pubmed/11098526
http://www.ncbi.nlm.nih.gov/pubmed/12167693
http://dx.doi.org/10.1161/01.CIR.59.4.643
http://www.ncbi.nlm.nih.gov/pubmed/421305
http://dx.doi.org/10.1161/01.HYP.0000101687.89160.19
http://www.ncbi.nlm.nih.gov/pubmed/14610097
http://dx.doi.org/10.1186/1745-6673-3-4
http://www.ncbi.nlm.nih.gov/pubmed/18226265
http://dx.doi.org/10.1016/j.jash.2008.03.001
http://www.ncbi.nlm.nih.gov/pubmed/19122855
http://dx.doi.org/10.1161/JAHA.115.001959
http://www.ncbi.nlm.nih.gov/pubmed/26224048
http://dx.doi.org/10.1016/j.jand.2013.07.043
http://www.ncbi.nlm.nih.gov/pubmed/24144991
http://dx.doi.org/10.3346/jkms.2014.29.S2.S91
http://www.ncbi.nlm.nih.gov/pubmed/25317023
http://dx.doi.org/10.1016/j.jclinepi.2004.04.005
http://www.ncbi.nlm.nih.gov/pubmed/15528061
http://dx.doi.org/10.1006/pmed.1997.0190
http://www.ncbi.nlm.nih.gov/pubmed/9327477
http://www.ncbi.nlm.nih.gov/pubmed/15531658
http://dx.doi.org/10.1097/HJH.0b013e328341888c
http://www.ncbi.nlm.nih.gov/pubmed/21119531
http://dx.doi.org/10.2188/jea.11.115
http://www.ncbi.nlm.nih.gov/pubmed/11434422
http://dx.doi.org/10.1093/ajh/hpu103
http://www.ncbi.nlm.nih.gov/pubmed/24951726
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.668731
http://www.ncbi.nlm.nih.gov/pubmed/17179032
http://dx.doi.org/10.1023/A:1023004323444
http://www.ncbi.nlm.nih.gov/pubmed/12733835
http://dx.doi.org/10.1097/HJH.0b013e328316bb87
http://www.ncbi.nlm.nih.gov/pubmed/19145767
http://dx.doi.org/10.3945/ajcn.110.000901
http://www.ncbi.nlm.nih.gov/pubmed/21849600
http://dx.doi.org/10.1152/japplphysiol.01032.2003
http://www.ncbi.nlm.nih.gov/pubmed/14660504


Int. J. Environ. Res. Public Health 2016, 13, 148 12 of 13

40. Stachenfeld, N.S.; DiPietro, L.; Palter, S.F.; Nadel, E.R. Estrogen influences osmotic secretion of AVP and
body water balance in postmenopausal women. Am. J. Physiol. 1998, 274, R187–R195. [PubMed]

41. Tamaki, J.; Kikuchi, Y.; Yoshita, K.; Takebayashi, T.; Chiba, N.; Tanaka, T.; Okamura, T.; Kasagi, F.; Minai, J.;
Ueshima, H.; et al. Stages of change for salt intake and urinary salt excretion: Baseline results from the
high-risk and population strategy for occupational health promotion (HIPOP-OHP) study. Hypertens. Res.
2004, 27, 157–166. [CrossRef] [PubMed]

42. Wiernik, E.; Nabi, H.; Pannier, B.; Czernichow, S.; Hanon, O.; Simon, T.; Simon, J.M.; Thomas, F.;
Ducolombier, C.; Danchin, N.; et al. Perceived stress, sex and occupational status interact to increase
the risk of future high blood pressure: The ipc cohort study. J. Hypertens. 2014, 32, 1979–1986, discussion
1986. [CrossRef] [PubMed]

43. Yoo, D.; Kang, M.Y.; Paek, D.; Min, B.; Cho, S.I. Effect of long working hours on self-reported hypertension
among middle-aged and older wage workers. Ann. Occup. Environ. Med. 2014, 26, 25. [CrossRef] [PubMed]

44. Kim, J.M.; Kim, T.H.; Lee, H.H.; Lee, S.H.; Wang, T. Postmenopausal hypertension and sodium sensitivity.
J. Menopausal Med. 2014, 20, 1–6. [CrossRef] [PubMed]

45. Yanes, L.L.; Romero, D.G.; Iliescu, R.; Zhang, H.; Davis, D.; Reckelhoff, J.F. Postmenopausal hypertension:
Role of the renin-angiotensin system. Hypertension 2010, 56, 359–363. [CrossRef] [PubMed]

46. Matthews, K.A.; Abrams, B.; Crawford, S.; Miles, T.; Neer, R.; Powell, L.H.; Wesley, D. Body mass index
in mid-life women: Relative influence of menopause, hormone use, and ethnicity. Int. J. Obes. Relat.
Metab. Disord. 2001, 25, 863–873. [CrossRef] [PubMed]

47. Steiner, M.; Dunn, E.; Born, L. Hormones and mood: From menarche to menopause and beyond. J. Affect.
Disord. 2003, 74, 67–83. [CrossRef]

48. Lambert, E.; Dawood, T.; Straznicky, N.; Sari, C.; Schlaich, M.; Esler, M.; Lambert, G. Association between
the sympathetic firing pattern and anxiety level in patients with the metabolic syndrome and elevated blood
pressure. J. Hypertens. 2010, 28, 543–550. [CrossRef] [PubMed]

49. Laughlin, G.A.; Barrett-Connor, E.; Kritz-Silverstein, D.; von Muhlen, D. Hysterectomy, oophorectomy, and
endogenous sex hormone levels in older women: The Rancho Bernardo study. J. Clin. Endocrinol. Metab.
2000, 85, 645–651. [PubMed]

50. Coylewright, M.; Reckelhoff, J.F.; Ouyang, P. Menopause and hypertension: An age-old debate. Hypertension
2008, 51, 952–959. [CrossRef] [PubMed]

51. Dubey, R.K.; Oparil, S.; Imthurn, B.; Jackson, E.K. Sex hormones and hypertension. Cardiovasc. Res. 2002,
53, 688–708. [CrossRef]

52. Karppanen, H. Minerals and blood pressure. Ann. Med. 1991, 23, 299–305. [CrossRef] [PubMed]
53. Fogari, R.; Zoppi, A.; Corradi, L.; Marasi, G.; Vanasia, A.; Zanchetti, A. Transient but not sustained

blood pressure increments by occupational noise. An ambulatory blood pressure measurement study.
J. Hypertension 2001, 19, 1021–1027. [CrossRef]

54. Yoshimura, T. Occupational health. J. Epidemiol. 1996, 6, S115–S120. [CrossRef] [PubMed]
55. Yang, H.; Schnall, P.L.; Jauregui, M.; Su, T.C.; Baker, D. Work hours and self-reported hypertension among

working people in California. Hypertension 2006, 48, 744–750. [CrossRef] [PubMed]
56. Grotto, I.; Huerta, M.; Sharabi, Y. Hypertension and socioeconomic status. Curr. Opin. Cardiol. 2008,

23, 335–339. [CrossRef] [PubMed]
57. Singh, R.B.; Sharma, J.P.; Rastogi, V.; Niaz, M.A.; Singh, N.K. Prevalence and determinants of hypertension

in the Indian social class and heart survey. J. Hum. Hypertens. 1997, 11, 51–56. [CrossRef] [PubMed]
58. Ordunez, P.; Munoz, J.L.; Espinosa-Brito, A.; Silva, L.C.; Cooper, R.S. Ethnicity, education, and blood pressure

in Cuba. Am. J. Epidemiol. 2005, 162, 49–56. [CrossRef] [PubMed]
59. Fernald, L.C.; Adler, N.E. Blood pressure and socioeconomic status in low-income women in Mexico:

A reverse gradient? J. Epidemiol. Community Health 2008, 62, e8. [CrossRef] [PubMed]
60. Mendez, M.A.; Cooper, R.; Wilks, R.; Luke, A.; Forrester, T. Income, education, and blood pressure in adults

in Jamaica, a middle-income developing country. Int. J. Epidemiol. 2003, 32, 400–408. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/9458917
http://dx.doi.org/10.1291/hypres.27.157
http://www.ncbi.nlm.nih.gov/pubmed/15080374
http://dx.doi.org/10.1097/HJH.0000000000000288
http://www.ncbi.nlm.nih.gov/pubmed/24999800
http://dx.doi.org/10.1186/s40557-014-0025-0
http://www.ncbi.nlm.nih.gov/pubmed/25852938
http://dx.doi.org/10.6118/jmm.2014.20.1.1
http://www.ncbi.nlm.nih.gov/pubmed/25371885
http://dx.doi.org/10.1161/HYPERTENSIONAHA.110.152975
http://www.ncbi.nlm.nih.gov/pubmed/20679182
http://dx.doi.org/10.1038/sj.ijo.0801618
http://www.ncbi.nlm.nih.gov/pubmed/11439301
http://dx.doi.org/10.1016/S0165-0327(02)00432-9
http://dx.doi.org/10.1097/HJH.0b013e3283350ea4
http://www.ncbi.nlm.nih.gov/pubmed/20139772
http://www.ncbi.nlm.nih.gov/pubmed/10690870
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.105742
http://www.ncbi.nlm.nih.gov/pubmed/18259027
http://dx.doi.org/10.1016/S0008-6363(01)00527-2
http://dx.doi.org/10.3109/07853899109148064
http://www.ncbi.nlm.nih.gov/pubmed/1930921
http://dx.doi.org/10.1097/00004872-200106000-00005
http://dx.doi.org/10.2188/jea.6.3sup_115
http://www.ncbi.nlm.nih.gov/pubmed/8800282
http://dx.doi.org/10.1161/01.HYP.0000238327.41911.52
http://www.ncbi.nlm.nih.gov/pubmed/16940208
http://dx.doi.org/10.1097/HCO.0b013e3283021c70
http://www.ncbi.nlm.nih.gov/pubmed/18520717
http://dx.doi.org/10.1038/sj.jhh.1000384
http://www.ncbi.nlm.nih.gov/pubmed/9111158
http://dx.doi.org/10.1093/aje/kwi163
http://www.ncbi.nlm.nih.gov/pubmed/15961586
http://dx.doi.org/10.1136/jech.2007.065219
http://www.ncbi.nlm.nih.gov/pubmed/18431833
http://dx.doi.org/10.1093/ije/dyg083
http://www.ncbi.nlm.nih.gov/pubmed/12777427


Int. J. Environ. Res. Public Health 2016, 13, 148 13 of 13

61. Anderson, C.A.; Appel, L.J.; Okuda, N.; Brown, I.J.; Chan, Q.; Zhao, L.; Ueshima, H.; Kesteloot, H.; Miura, K.;
Curb, J.D.; et al. Dietary sources of sodium in China, Japan, the United Kingdom, and the United States,
women and men aged 40 to 59 years: The intermap study. J. Am. Diet. Assoc. 2010, 110, 736–745. [CrossRef]
[PubMed]

62. Zhang, J.; Guo, X.L.; Seo, D.C.; Xu, A.Q.; Xun, P.C.; Ma, J.X.; Shi, X.M.; Li, N.; Yan, L.X.; Li, Y.; et al. Inaccuracy
of self-reported low sodium diet among Chinese: Findings from baseline survey for Shandong & Ministry of
Health Action on Salt and Hypertension (SMASH) project. Biomed. Environ. Sci. 2015, 28, 161–167. [PubMed]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons by Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jada.2010.02.007
http://www.ncbi.nlm.nih.gov/pubmed/20430135
http://www.ncbi.nlm.nih.gov/pubmed/25716570
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	Introduction 
	Methods 
	Study Population 
	Measurements 
	Statistical Analysis 

	Results 
	Hypertension Prevalence 
	Interactions of Occupation and Self-Reported Salt-Eating Habit on Hypertension 

	Discussion 
	Limitations of the Study 
	Conclusions 

