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Abstract: The aim of this paper was to assess the association between desalinated seawater and
cardiovascular diseases (CVDs). We conducted a nested case-control prospective study on a cohort of
7806 subjects who live on an island of China that lacks fresh water. From this cohort, we identified
140 paired CVD cases and matched controls by sex and age during the same period. Questionnaires
were used in order to investigate basic sociodemographic information and risk factors for CVDs,
and urine samples were collected to measure calcium and magnesium levels. Using these data we
developed and tested both univariate and multivariate logistic regression models. We observed no
significant differences in risk of CVDs between groups with desalinated seawater and fresh water
intake. From multivariate logistic regression, we found that obesity (OR = 5.38, 95% CI: 1.05-27.45),
physical activity (OR = 0.35, 95% CI: 0.16-0.75), hypertension (OR = 3.61, 95% CI: 1.58-8.25), alcohol
consumption (OR = 2.57, 95% CI: 1.02-6.47), and irritability (OR = 4.30, 95% CI: 1.93-9.60) were
associated with an increased risk of CVD. In this population, we found no association between
desalinated seawater intake and CVDs; the incidence of CVDs was primarily related to lifestyle.

Keywords: desalination; cardiovascular disease; incidence

1. Introduction

With both increases in global population and environmental pollution, safe water
sources around the world are becoming less available. According to the United Nations
World Water development report 2018: Nature-Based Solutions for Water (Executive Sum-
mary), about 3.6 billion people (more than half the global population) live in areas that
potentially lack water resources for at least one month per year, and this population could
increase to some 4.8-5.7 billion by 2050 [1]. As one of the most water-deficient countries in
the world, China’s average water resources per capita is only one-quarter of that of the rest
of the world [2]. As an expanding resource brought about by new technology, desalinated
water can effectively alleviate this shortage of fresh water. So far, the technology has been
vigorously promoted and applied in many countries around the world.

In the Middle East and North Africa, for example, desalinated water has already
been incorporated into municipal water supplies as the major source of water. In addition,
the installed capacity of seawater desalination in these areas accounts for 48% of the
world’s total desalination [3]. Some cities [4-6] have also successively carried out seawater
desalination projects to cope with their own water resource crises. Recently, though, China
has aggressively developed its desalination industry. According to China’s 2019 National
Seawater Utilization Report, there were 115 desalination projects producing 1.5 million tons
of fresh water daily by the end of 2019 [7].

Seawater desalination involves three phases: pretreatment, desalination, and post-
treatment. This 3-phase process removes most of the toxic substances in seawater such as
microorganisms and organic matter and also reduces salt volume. Currently, mainstream
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seawater desalination technologies include multistage flash distillation (MSF), reverse
osmosis (RO), and low-temperature multi-effect distillation (MED). However, the desalina-
tion process not only removes harmful substances from seawater but also removes some
beneficial substances, such as calcium, magnesium, fluorine, and other elements, resulting
in a low hardness of desalinated water. Israeli studies have shown that desalinated seawater
in Kibbutz Maagan Michael contains 0.8 mg/L Mg, and 34.0 mg/L Ca which significantly
lower than Mg and Ca levels of Hadera (20.5 mg/L and 94.2 mg/L, respectively) and Beer
Sheva (18.5 mg/L and 50.7 mg/L, respectively) in fresh water [8].

Cardiovascular diseases (CVDs) are the leading cause of death globally; an estimated
17.9 million people died from CVDs in 2019, representing 32% of all global deaths [9]. There
are many risk factors for CVDs including hypertension, dyslipidemia, diabetes, smoking,
excessive drinking, and obesity. In addition, many studies have shown that higher calcium
and magnesium concentrations can reduce the incidence of CVDs. Momeni et al. revealed
that a higher calcium content was associated with a reduced number of CVDs in Khansar
County in Isfahan province, Iran [10], and Kousa et al. investigated the acute myocardial
infarction incidence among patients aged 35-74 years in rural Finland and found that the
incidence of acute myocardial infarction decreased by 2% for every 1 mg/L increase in
water magnesium concentration [11]. In 2003, scientists in Israel found that drinking water
with a Mg concentration of 10-40 mg/L or higher can reduce coronary heart disease (CHD)
mortality by 30-35% [12] and in 2016, a meta-analysis indicated that higher magnesium
levels were associated with lower CHD mortality risk. (RR = 0.89, 95% CI: 0.79-0.99) [13].
Additionally, some studies have shown that there is no relationship between the hardness
of water and CVDs. Leurs et al. showed that there was no relationship between hardness
and ischemic CVDs or stroke when exposure assessment was carried out by hardness
classification [14], and the results of prospective studies by Morris et al. showed that higher
hardness could not significantly prevent CHDs or CVDs and neither could higher calcium
nor higher magnesium [15].

Compared with common water resources, desalinated water has higher purity and
lower hardness; the total hardness of desalinated water by reverse osmosis technology is
lower than 75 mg/L, the magnesium concentration is less than 7 mg/L, and the calcium
concentration is less than 6 mg/L [16,17], which are far lower than the limiting values
described in China’s Hygienic Standard of Mineralization for Drinking Water with Low Mineral
Level[s] (GBJ 1335-92) [18]. Despite such findings, there is no research that specifically
clarifies the association between hardness, calcium, and magnesium and the incidence
of CVDs. Hence, this study evaluated the association between desalinated water and
CVDs using a nested case-control study, specifically discussing the effects of calcium
and magnesium in drinking water on CVDs. Further, the study analyzes the broad risk
factors of CVDs in coastal residents and lays a theoretical foundation for following studies
about the interaction between different risk factors in desalinated seawater and CVDs.
Finally, this study provides basic data for future health risk assessments of desalinated
seawater. The novelty of this paper is to explore the risk between desalinated seawater
and CVDs by the nested case-control study which is better than previous case-control
studies and cohort studies in both efficiency and demonstration ability. At the same time,
we analyzed the differences in Ca and Mg levels in urine in different groups from the
two perspectives of exposure and outcome, respectively. As well, it provides a theoretical
basis for subsequent study.

2. Population and Methods
2.1. Study Sites

We selected Shengsi County as the study site, which is located in the northernmost
part of Zhoushan City and the easternmost part of Zhejiang Province in China (Figure 1).
Zhejiang Province is located in the east of Hangzhou Bay and the southeast of the Yangtze
River estuary, between the northern latitudes 30°24’ and 31°04’ and eastern longitudes
121°30" and 123°25'. Shengsi County consists of 404 islands, 16 of which are inhabited.
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It covers an area of 8824 square kilometers, including 86 square kilometers on land and
8738 square kilometers on the sea. Shengsi County was one of the earliest areas in China
that developed desalination projects and has used desalinated seawater as one of the
primary sources of drinking water since 1997.
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Figure 1. The study sites of Huang Long Town (H town) and Gou Qi Town (G town) in Shengsi County.

Shengsi County has 3 towns and 4 townships, and this study takes two towns with a
similar population base and different water resources as study sites. Huang Long Town
(H town) had a registered population of 9046 in 2016. In addition, 8349 residents were
registered in Gou Qi Town (G town), which is further away from the county center than
H town. Due to its severe shortage of freshwater resources, G town built a desalination
plant in 2009 that consistently provides desalinated water for residents. In contrast, H town
has abundant fresh water that is stored in local reservoirs, and our previous unpublished
studies have indicated that the water total hardness is significantly different between G
town (<5 mg/L) and H town (140 mg/L). An early study has shown that the total hardness
of fresh water and desalinated seawater was obviously different in Shengsi County [19].

2.2. Study Design and Population

We conducted a nested case-control study based on a previous cohort in 2013 that was
approved by the Ethics Committee of the National Institute of Environment Health, China
CDC (Protocol ID: 2017018). Residents living in the island areas for more than 10 years
were selected for the baseline population, and they have undergone complete physical
examinations and chronic disease surveillance during follow-up periods beginning in
2013. The participants who were previously diagnosed with CVDs and/or stroke were
excluded, and we also excluded individuals with incomplete follow-up information. In
total 7806 participants were enrolled in the study.

During the period from 1 January 2013 to 31 December 2016, 147 new cases diagnosed
with CVDs and stroke were enrolled in the case group. A gender and age matched
control without CVDs and stroke was selected randomly with a ratio of 1:1 in the baseline
population, where the matching rule required the same gender and an age gap of no more
than 2 years. Finally, 140 pairs of participants were investigated in this study with a loss to
follow-up of 4.8%.
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2.3. Field Investigation

The Field investigation included information surveyed by questionnaire and urine
sample collection. Before the survey, subjects were informed of the study content in detail,
and they agreed to participate in the investigation and signed informed consent forms.

2.3.1. Questionnaire

The subjects filled out this study’s questionnaire with the help of professionally
trained investigators. The questionnaire contains four parts: (1) General information,
including gender, age, ethnicity, marital status, education, and occupation; (2) Health
status, including height, weight, medical history of CVDs, stroke, and other diseases, and
family medical history; (3) Drinking water and dietary habits, including the acceptance of
desalinated seawater, water consumption, and household salt and oil use; and (4) Living
habits and mental health, including smoking, exposure to second-hand smoke, alcohol use,
tea drinking, physical activities, and psychological inquiries.

We defined BMI > 24 as overweight and BMI > 28 as obesity. Without taking antihyper-
tensive drugs, systolic blood pressure > 140 and/or diastolic blood pressure > 90 mmHg
were measured three times on different days, which could be diagnosed as hyperten-
sion. With taking antihypertensive drugs, the patient who has a history of hypertension
was still diagnosed with hypertension, although blood pressure was <140/90 mmHg. Fast
blood glucose > 7.0 mmol/L or the patient who is undergoing diabetes treatment was defined as
diabetes. We defined the following conditions as hyperlipidemia: total cholesterol > 5.2 mmol/L
(or 200 mg/dL); triglyceride > 1.7 mmol/L (or 150 mg/dL); HDL-C < 1.0 mmol/L
(or 40 mg/dL). Smoking was defined as continuous or cumulative smoking for 6 months
or more in a lifetime. Secondhand smoke is defined as smoke exhaled by the smoker and
exhaled from the end of the cigarette.

2.3.2. Urine Sample Collection

After finishing the questionnaire, subjects received urine cups and zip-locked bags
from investigators and were informed how to collect their own urine samples. The follow-
ing day 30 mL of a midstream specimen of the morning’s urine was collected from each
subject and stored at 4 °C. The samples were then sent back to the laboratory by a cold
chain in order to measure urinary creatinine, calcium, and magnesium levels. All tests were
provided by Beijing minsheng sino assessment group Co., Ltd., Beijing, China.

2.4. Quality Control

A pilot investigation was conducted. Qualified investigators were responsible for
introducing and filling in questionnaires after professional training, and the coincidence
rate of random inspection on the questionnaire was 95%. In order to ensure the accuracy of
the results, we implemented double entry and logical validation methods. Urine analysis
reports were issued by a third-party inspection agency with China Inspection Body and
Laboratory Mandatory Approval (CMA) and China National Accreditation Service for
Conformity Assessment (CNAS) qualifications. Quality control during urine creatinine test:
(1) The creatinine standard reserve solution was prepared before the experiment. As well,
standard series was configured with it by doubling dilution; (2) The chromogenic agent was
mixed before each batch of the samples was used; (3) Each batch of samples: Correlation
coefficient r > 0.998. Two blanks detection, and the blank absorption value Ay < 0.002.
No less than 10% of parallel samples, and relative error < 10%; (4) A standard recovery
experiment was conducted for each 15 to 20 samples, and at least one standard recovery
experiment was conducted for each batch. The recovery rate was controlled between 90%
and 110%.

2.5. Statistical Analysis

All statistical analysis was conducted using SAS, version 9.3. Continuous variables
were tested using independent-samples t-tests, and Chi-squared tests were used to com-
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pare categorical data in different groups. The total number of cases > 40, a theoretical
frequency > 1 and <5, x2 test results to the Continuity Correction; the total number of
cases > 40, at least 2 theoretical frequencies > 1 and <5, see Fisher’s Exact Test results;
the total number of cases < 40 or theoretical frequency < 1, see Fisher’s Exact Test results.
Univariate analysis and multivariate analysis were performed using conditional logistic
regression. The number of cases < 5 in the independent variable group was analyzed by
accurate logistic regression or properly merged. As well, we considered p < 0.05 to indicate
a statistically significant test result for all of our statistical tests.

3. Results
3.1. General Information in the Case and Control Groups

Among the 140 pairs of subjects in the study, the mean age was 74.12 + 16.35 years,
ranging from 43 to 89 years. Most of these participants (about 63.57%) were married or
widowed. In total, 257 (91.80%) subjects had only primary schooling or below. The average
household income (per year) of 218 (77.90%) subjects was 20,000 RMB or less, and most
subjects worked as fishermen (43.21%) or house-workers (40.36%). The average height was
159.79 £ 8.3 cm, and the average weight was 60.45 + 9.38 kg. The average weight in the
case group was 60.49 & 10.93 kg, which was significantly higher than that in the control
group, and this difference was statistically significant. Other detailed information is shown
in Table 1.

Table 1. Baseline characteristics in the case group and control group *.

Variable (::sle 450) ﬁlo:tiz(ls Total —Statlstlc p
x2 t
Marital status 0.55 0.45
Married 92 (65.71%) 86 (61.43%) 178 (63.57%)
Other 48 (34.29%) 54 (38.57%) 102 (36.43%)
Education 0.43 0.51
Primary and below 130 (92.86%) 127 (90.71%) 257 (91.79%)
Junior high school and above 10 (7.14%) 13 (9.29%) 23 (8.21%)
Occupation ® 1.50 0.96
1 8 (5.71%) 9 (6.43%) 17 (6.07%)
2 8 (5.71%) 6 (4.29%) 14 (5.00%)
3 5 (3.57%) 6 (4.29%) 11 (3.93%)
4 62 (44.29%) 59 (42.14%) 121 (43.21%)
5 2 (1.43%) 2 (1.43%) 4 (1.43%)
6 55 (39.29%) 58 (41.43%) 113 (40.36%)
Economic status (ten thousand RMB) * 291 0.41
<2 105 (75.00%) 113(80.71%) 218 (77.86%)
2- 25 (17.86%) 17 (12.14%) 42 (15.00%)
5- 6 (4.29%) 5 (3.57%) 11 (3.93%)
8- 4 (2.86%) 5 (3.57%) 9 (3.21%)
Height (cm) 159.72 + 7.53 159.96 + 7.25 159.79 + 8.30 0.33 0.75
Weight (kg) 60.49 + 10.93 57.28 +9.66 60.45 + 9.38 -3.07 <0.01*

* When the number of cases in the independent variable group was lower than 5, exact logistic regression was used.
A Occupation code: 1. Administrative, enterprise, institution personnel, and related personnel; 2. Professional and
technical personnel; 3. Business, catering, and service personnel; 4. Production personnel in agriculture, forestry,
animal husbandry, fishing, and water conservancy industries; 5. Production and transportation equipment and
related personnel; 6. Housework and leisure at home. * Economic status: average household income (per year).
# Indicates a significant difference in the case group and control group.

3.2. Desalinated Water Intake and Calcium and Magnesium Concentrations in Urine

We found no significant difference in the desalinated water intake percentage between
the case and control groups (x2 = 0.032, p > 0.05, see Table 2). The mean concentrations
of urinary calcium and magnesium were also not statistically different between the two
groups (t = 0.399, p > 0.05 and t = 0.527, p > 0.05, see Table 3). Additionally, when grouped
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by desalinated water intake or no such intake, we observed no significant association
between the calcium and magnesium levels in urine between the two groups (t = —0.59,
p >0.05and ¢ = 0.31, p >0.05, see Table 4).

Table 2. Desalinated water intake in the case group and control group.

Desalinated Cases Controls Total 2

Water Intake (n =140) (n =140) (n =280) X P
Yes 19 (13.57%) 18 (12.86%) 37 (13.21%) 0,082 0.86
No 121 (86.43%) 122 (87.14%) 243 (86.79%) ) ’

Table 3. Urinary calcium and magnesium levels in the case group and control group (mg/g creatinine).

Variable Cases Controls Total t p

Calcium in urine 211.55 £145.86  200.41 + 134.63 206.19 £ 137  0.399 0.53
Magnesium in urine  117.16 £ 62.59 119.80 £ 59.88 118.88 +£31.3  0.527 0.47

Table 4. Urinary calcium and magnesium levels in different desalinated seawater intake groups
(mg/g creatinine).

No Drink Desalinated Water Drink Desalinated Water
Variable t P
n X*s n X*s
Calcium in urine 203 205.00 + 140.63 37 220.47 £+ 126.15 —0.59 0.56
Magnesium in urine 203 119.94 4 62.56 37 108.92 + 40.74 1.31 0.20

3.3. CVDs Risk Factors

Twenty-one risk factors including location, marital status, educational, and economic
status were included in the univariate logistic regression analysis. This single-factor
analysis showed that obesity, family history of hypertension, hypertension, diabetes, alcohol
consumption, irritability, and depression were all risk factors for CVDs (p < 0.05) (see
Tables 5 and 6)

Table 5. Univariate analysis of baseline information in CVDs *.

Variable (nC:sle;O) (Cnozter(l)i Wald x2 OR 95% CI p
Location
H town 91 (65.00%) 104 (74.29%)
G town 49 (35.00%) 36 (25.71%) 0.44 0.80 0.42-1.54 0.51
Marital status
Married 92 (65.71%) 86 (61.43%)
Other 48 (34.29%) 54 (38.57%) 2.26 1.69 0.83-3.35 0.13
Education
Primary and below 130 (92.86%) 127 (90.71%)
Junior high school and above 10 (7.14%) 13 (9.29%) 0.24 0.78 0.30-2.01 0.61
Economic status (ten thousand RMB)
<2 105 (75.00%) 113 (80.71%)
2- 25 (17.86%) 17 (12.14%) 0.81 1.39 0.68-2.87 0.37
5- 6 (4.29%) 5 (3.57%) 0.53 1.61 0.45-5.76 047
8- 4 (2.86%) 5 (3.57%) 1.08 0.42 0.08-2.17 0.30

* When the number of cases in the independent variable group was lower than 5, exact logistic regression
was used.
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Table 6. Univariate analysis of CVDs factors *.

Variable (nC:S&SO) g\":tlrz(l; Wald x2 OR 95% CI p
Desalinated water intake
No 121 (86.43%) 122 (87.14%)
Yes 19 (13.57%) 18 (12.86%) 0.03 0.94 0.49-1.83 0.87
BMI
normal 85 (60.71%) 91 (65.00%)
overweight 43 (30.71%) 41 (29.29%) 1.54 1.42 0.82-2.46 0.21
obesity 12 (8.57%) 8 (5.71%) 4.58 3.60 1.11-11.64 0.03*
Physical activity
No 91 (65.00%) 74 (52.86%)
Yes 49 (35.00%) 66 (47.14%) 043 1.02 0.95-1.10 0.51
Family history of Hypertension
No 114 (81.43%) 123 (87.86%)
Yes 26 (18.57%) 17 (12.14%) 6.30 2.46 1.22-4.95 0.01#
Family history of diabetes
No 136 (97.14%) 137 (97.86%)
Yes 4 (2.86%) 3(2.14%) 2.75 6.00 0.72-49.84 0.10
History of Hypertension
No 46 (32.86%) 54 (38.57%)
Yes 94 (67.14%) 86 (61.43%) 18.99 3.71 2.06-6.70 <0.01#
History of diabetes
No 117 (83.57%) 119 (85.00%)
Yes 23 (16.43%) 21 (15.00%) 6.00 2.75 1.22-6.18 0.01#
History of hyperlipidemia
No 127 (90.71%) 132 (94.29%)
Yes 13 (9.29%) 8 (5.71%) 3.70 4.50 0.97-20.83 0.05
Health care products intake
No 111 (79.29%) 114 (81.43%)
Yes 29 (20.71%) 26 (18.57%) 0.11 1.11 0.59-2.10 0.75
Cooking oil consumption
<30 g/day 76 (54.29%) 70 (50.00%)
>30 g/day 64 (45.71%) 70 (50.00%) 1.32 0.74 0.45-1.23 0.25
Salt consumption
<10 g/day 100 (71.43%) 105 (75.00%)
>10 g/day 40 (28.57%) 35 (25.00%) 0.02 0.96 0.55-1.68 0.89
Smoking status
Never 93 (66.43%) 85(60.71%)
Ever 13 (9.29%) 16 (11.43%) 1.81 1.92 0.74-4.98 0.18
Current 34 (24.29%) 39 (27.86%) 0.90 1.49 0.65-3.39 0.34
Second-hand smoke exposure
hardly 106 (75.71%) 112 (80.00%)
Yes 34 (24.29%) 28 (20.00%) 0.13 0.88 0.43-1.73 0.71
Alcohol drinking
No 92 (65.71%) 138 (98.57%)
Yes 48 (34.29%) 29 (20.71%) 3.98 1.93 1.01-3.68 0.05*
Tea drinking
No 128 (91.43%) 130 (92.86%)
Yes 12 (8.57%) 10 (7.14%) 0.21 1.15 0.63-2.10 0.65
Irritability
No 79 (56.43%) 100 (71.43%)
Yes 61 (43.57%) 40 (28.57%) 19.13 4.60 2.32-9.11 <0.01#
Anxious
No 127 (90.71%) 129 (92.14%)
Yes 13 (9.29%) 11 (7.86%) 1.28 171 0.68—4.33 0.26
Depression
No 104 (74.29%) 113 (80.71%)
Yes 36 (25.71%) 27 (19.29%) 5.33 2.07 1.12-3.83 0.02#

* When the number of cases in the independent variable group was lower than 5, exact logistic regression was
used. * Indicates a significant difference in the case group and control group and as risk factor.

Table 7 shows the information on the OR of CVD risk factors using stepwise regression
to filter variables and taking multivariate conditional logistic regression and precise logistic
regression to analyze the data. From this, we found that obesity was an adverse factor for
CVDs. Compared with the normal BMI group, the obesity group was associated with a
5.38 times greater chance of getting CVDs (OR = 5.38, 95% CI: 1.05-7.45, p = 0.04). History
of hypertension had negative correlation with CVDs (OR = 3.61, 95% CI: 1.58-8.25, p < 0.01),
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and drinking status and irritability were also inversely associated with CVDs (OR = 2.57,
95% CI: 1.02-6.47, p = 0.05 and OR = 4.30, 95% CI: 1.93-9.60, p < 0.01). Nevertheless, physical
activity had a significantly positive impact on CVDs (OR = 0.35, 95% CI: 0.16-0.75, p = 0.01).

Table 7. Multivariate logistic analysis of CVD factors.

Variable Wald x2 OR 95% CI p
BMI
Obesity vs. normal 4.09 5.38 1.05-27.45 0.04

Physical activity

Yes vs. No 7.22 0.35 0.16-0.75 0.01
History of hypertension

Yes vs. No 9.28 3.61 1.58-8.25 <0.01
Alcohol drinking

Yes vs. No 3.98 2.57 1.02-6.47 0.05
Irritability

Yes vs. No 12.08 4.30 1.93-9.60 <0.01

4. Discussion

According to the Global Burden of Disease Study in 2017, the largest number of
deaths from non-communicable diseases (NCDs) were estimated to come from CVDs, and
ischemic heart disease and stroke accounted for 84.9% of all CVDs deaths. More specifically,
ischemic heart disease and stroke ranked as the first and the third, respectively, in terms of
years of life lost (YLL) in 2017 [20]. Recently, the prevalence of CVDs in China has begun to
increase, and some studies predict that the prevalence may grow from 2018 to 2025 [21].

The lack of traditional freshwater resources has always been an important problem
faced by China as well as many other parts of the world. Seawater desalination technology
can increase the total amount of available fresh water and effectively solve the problem of
freshwater resource shortage in China. Compared with freshwater, desalinated water is
less susceptible to precipitation which is unevenly distributed in regions during the whole
year. However, water hardness significantly declines after the desalination process. As
classified by calcium carbonate concentration, water with hardness lower than 75 mg/L is
normally classified as soft and classified as hard when this concentration is higher than
75 mg/L. Moreover, from the distillation or reverse osmosis processes, the level of calcium
and magnesium in water can decline to varying degrees, and the content can become
extremely low. The World Health Organization has indicated that hard water may reduce
the risk of certain CVDs, possibly due to the protective effect of calcium and magnesium
ions on the cardiovascular system. However, this conclusion is still controversial and there
is no corresponding causal inference evidence to support it [22].

In this paper, we found that there was no significant difference in urinary calcium
and magnesium content between different levels of desalinated seawater intake, but these
results were not consistent with those from Israel. Israeli studies have shown that in cities
that use desalinated water as the source of water, serum magnesium in the body decreased
significantly after desalinated water intake, while in cities without desalinated water, serum
magnesium in the body increased significantly during the same period [23]. Therefore,
we infer that during the same period, the serum magnesium of the people who drank
the desalinated water was significantly lower than that of the people who did not drink
the desalinated water. We present the following reasons why the results of this study are
different from those of the Israeli (and other) studies.

First, the different results may be due to the different detection methods and different
biological samples selected by the different studies. Urinary magnesium and serum mag-
nesium are both indices that measure the magnesium level in the body, but the half-life
of magnesium concentration is different in different biological media. Serum magnesium
generally measures the variation of magnesium over a long time such as several weeks or
months, and urinary magnesium indicates the concentration range of magnesium during
recent dietary intake [24]. Magnesium in the blood accounts for less than 1% of the whole
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body, so evaluating it by serum magnesium may not be the most accurate method [25].
However, some studies suggest that continuous monitoring of serum magnesium can
effectively assess individual levels, although relatively stable excretion by urine shows
the sufficiency of dietary magnesium [26]. Urinary magnesium is usually used to detect
the absorption of magnesium in the intestinal tract, but a high variation of urinary mag-
nesium may affect the test’s accuracy [27]. At present, there is no agreed-upon standard
for detection method selection in CVDs studies, and there are few studies that focus on
urinary magnesium and CVDs. Some studies have found that when urinary magnesium is
at a low level, the risk and mortality of fatal and nonfatal ischemic heart disease are both
increased, but no association between serum magnesium and the risk of ischemic heart
disease has been found [28]. Compared with serum magnesium, the question of whether
the association between urine magnesium and CVDs is more significant still needs further
research, and this paper makes a small contribution to the knowledge of the relationship
between urinary magnesium and CVDs.

Second, dietary habits are very important for mineral intake. In this study, we found
no significant difference between urinary calcium and magnesium levels between our two
groups. This may be because desalinated water intake had little effect on urinary calcium
and magnesium levels in residents living in this area in general since drinking water is
not the only way the body gets minerals; diet is more important. The subjects studied in
this paper live in coastal areas, where seafood intake is quite large, and this may make up
for the reduced intake of calcium and magnesium ions from desalinated seawater. In the
future, adding a no seafood intake habits group might help to shed some light on this.

Third, accurate exposure assessments of desalinated water intake are very important.
Here, in the process of investigation, we found that some residents still had doubts about
the safety of desalinated seawater, and some residents thought that desalinated seawater
has problems such as poor taste and no nutrition. In this study, only 37 subjects use the
desalinated water as direct drinking water; 40 people used the desalinated seawater in
indirect ways, such as cooking; and 203 people did not drink the desalinated water at all.
One paper [29] in 2019 showed that only 9.7% of people in the county used desalinated
water as the only source of drinking water and that 49.9% of people used desalinated water
when cooking. Most people preferred to use desalinated water for washing or cleaning. In
this study, the small population who chose desalinated water as the only water source may
have led to selection bias.

At present, the drinking water standard for calcium and magnesium ion content in
China is set forth in the Standards for Drinking Water Quality from 2006. Here, the total
hardness is required to be less than 450 mg/L, and no lower limit is specified. There are
some studies indicate that the total hardness generated by reverse osmosis technology is less
than 75 mg/L, the concentration of magnesium is less than 7 mg/L, and the concentration
of calcium is less than 6 mg/L [16,17], which are all lower than the Hygienic Standard of
Mineralization for Low-Mineral-Level Drinking Water.

Our multivariate logistic regression analysis showed that obesity, hypertension, al-
cohol consumption, and irritability were all risk factors for CVDs, while physical activity
was a positive factor against CVD risk. The previous work on CVDs has indicated that
dyslipidemia of different obesity types over 35 years old in China is higher than that of
the general population, and the Report on Cardiovascular Health and Diseases in China 2020
showed that tobacco use, diet, physical activity, body weight, and psychology can affect
CVD risk as well [30]. In addition, studies in Suzhou have shown that drinking alcohol
more than 2 times a week can increase the risk of CVDs compared with non-drinking [31].
Analysis of high-risk factors for CVDs in Jilin Province [32] has also indicated that people
who drink alcohol, and are overweight or obese are more likely to suffer from CVDs.
The analysis also found that anxiety, irritability, and other adverse emotions can inter-
act with the central nervous system and endocrine nervous system so as to bring about
vasoconstriction, increase blood pressure and glucose levels, accelerate the progression of
atherosclerosis, and even increase the risk of CHD [33]. Water accounts for about 70% of the
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total mass of the human body. According to the Chinese Dietary Guidelines, healthy adults
need about 2500 mL of water every day. As a new source of fresh water to help alleviate the
shortage of fresh water throughout parts of China and the rest of the world, the long-term
effects of desalinated water on human health cannot be ignored. Our research suggests that
further studies should therefore be carried out, especially those that can establish a cohort
focused on the long-term effects of the calcium and magnesium levels in desalinated water
on CVDs.

5. Conclusions

This nested case-control study does not provide evidence for an appreciable effect of
desalinated water on the risk of CVDs. Any effect is likely to be extremely small and of
considerably less risk than that of already-well-recognized cardiovascular risk factors. The
results in this study clearly show that CVDs were related to unhealthy lifestyles, such as
lack of physical activity, alcohol consumption, and negative mood. Future large prospective
studies are required to examine the association between desalinated water and the risk
of CVDs further. In addition, longer follow-up times are also needed to investigate the
association between the level of calcium and magnesium in people living in different
environments (such as heavy seafood eaters and no seafood eaters) and the incidence
of CVDs.

Author Contributions: J.S. and Y.L. contributed equally to this work. They both wrote and edited
the manuscript, developed the methodology, and completed the analysis. Y.L. and B.Y. contributed to
the field survey. Q.W. and X.H. performed investigation and provided resources for the laboratory
detection. S.D. conceptualized, supervised, and critically reviewed the study, offering, commentary,
and revisions. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by grants from the National Public Welfare Industry Research
Project (No. 201302004 and No. 201305039).

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the National Institute of Environment Health,
China CDC (Protocol ID:2017018, approved on 1 December 2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: The datasets used and analyzed in this study are available from the
corresponding author upon reasonable request.

Acknowledgments: The authors would like to thank the participants in this study, who gave their
time, information, and biosamples. This study was successfully carried out with the help of CDCs,
including those of Zhoushan City and Shengsi County, and was completed under the strong support
of Community Health Service Centers in H and G townships.

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

References

1.

Connor, R.; Coates, D.; Uhlenbrook, S.; Koncagiil, E. The United Nations World Water Development Report 2018: Nature-Based
Solutions for Water; Executive Summary; United Nations Development Programme: New York, NY, USA, 2018.

Liu, Y.M. Status of Water Resources and Developing Countermeasures of Efficient Water-saving Agriculture in China. Inf. Agric.
Sci. Technol. 2020, 16, 80-81, 83. [CrossRef]

Jones, E.; Qadir, M.; van Vliet, M.T.H.; Smakhtin, V.; Kang, S.M. The state of desalination and brine production: A global outlook.
Sci. Total Environ. 2019, 657, 1343-1356. [CrossRef] [PubMed]

Sahin, O.; Stewart, R.A.; Helfer, F. Bridging the Water Supply—demand Gap in Australia: Coupling Water Demand Efficiency with
Rain-independent Desalination Supply. Water Resour. Manag. 2015, 29, 253-272. [CrossRef]

Kusuma, B.; Octastefani, T. Water Governance of Singapore in Achieving Sustainable Water Security. SSRN Electron. J. 2016, 7.
[CrossRef]

Martinez-Alvarez, V.; Maestre-Valero, ].E; Gonzélez-Ortega, M.].; Gallego-Elvira, B.; Martin-Gorriz, B. Characterization of the
Agricultural Supply of Desalinated Seawater in Southeastern Spain. Water 2019, 11, 1233. [CrossRef]

Ministry of Natural Resources of the People’s Republic of China. 2019 National Seawater Utilization Report. Natl. Land Resour.
Inf. 2020, 20, 40-48.


http://doi.org/10.3969/j.issn.1003-6997.2020.16.033
http://doi.org/10.1016/j.scitotenv.2018.12.076
http://www.ncbi.nlm.nih.gov/pubmed/30677901
http://doi.org/10.1007/s11269-014-0794-9
http://doi.org/10.2139/ssrn.3432252
http://doi.org/10.3390/w11061233

Int. |. Environ. Res. Public Health 2022, 19, 7422 11 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Spungen, ].H.; Goldsmith, R.; Stahl, Z.; Reifen, R. Desalination of water: Nutritional considerations. Isr. Med. Assoc. ]. 2013, 15,
164-168. [PubMed]

World Health Organization (WHO). Cardiovascular Diseases (CVDs). Available online: https:/ /www.who.int/en/news-room/
fact-sheets/detail /cardiovascular-diseases-(cvds) (accessed on 28 October 2021).

Momeni, M.; Gharedaghi, Z.; Amin, M.M.; Poursafa, P.; Mansourian, M. Does water hardness have preventive effect on
cardiovascular disease? Int. . Prev. Med. 2014, 5, 159-163.

Kousa, A.; Havulinna, A.; Moltchanova, E.; Taskinen, O.; Nikkarinen, M.; Salomaa, V.; Karvonen, M. Magnesium in Well Water
and the Spatial Variation of Acute Myocardial Infarction Incidence in Rural Finland. Appl. Geochem. 2008, 23, 632-640. [CrossRef]
Monarca, S.; Zerbini, I.; Simonati, C.; Gelatti, U. Drinking water hardness and chronic degenerative diseases. II. Cardiovascular
diseases. Ann. Ig. 2003, 15, 41-56.

Jiang, L.; He, P,; Chen, J; Liu, Y.; Liu, D.; Qin, G.; Tan, N. Magnesium Levels in Drinking Water and Coronary Heart Disease
Mortality Risk: A Meta-Analysis. Nutrients 2016, 8, 5. [CrossRef] [PubMed]

Leurs, LJ.; Schouten, L.J.; Mons, M.N.; Goldbohm, R.A.; van den Brandt, P.A. Relationship between tap water hardness,
magnesium, and calcium concentration and mortality due to ischemic heart disease or stroke in The Netherlands. Environ. Health
Perspect. 2010, 118, 414-420. [CrossRef] [PubMed]

Morris, R.W.; Walker, M.; Lennon, L.T.; Shaper, A.G.; Whincup, PH. Hard drinking water does not protect against cardiovascular
disease: New evidence from the British Regional Heart Study. Eur. ]. Prev. Cardiol. 2008, 15, 185-189. [CrossRef] [PubMed]
Yang, X.X. Water Quality Monitoring and Health Survey in Typical Area Using Desalinated Seawater as Drinking Water. Master’s
Thesis, Chinese Center for Disease Control and Prevention, Beijing, China, 2016.

Zhang, ].P,; Zhang, ].Z.; Wu, J.R,; Ding, B.Q.; Huang, EM.; Zou, S.Y. Quality detection and hygienic analysis of reverse osmosis
desalinated seawater in islets. Chin. J. Health Lab. Technol. 2012, 22, 255-257.

GJB1335-92; Hygienic Standard of Mineralization for Drinking Water with Low Mineral Level. The Chinese People’s Liberation
Army General Logistics Department of the Ministry of Health: Beijing, China, 1992.

Zhang, Y.L.; Ying, N.H.; Zheng, W.D.; Fang, H.].; Ni, H.]J. Study and analysis of desalinated water quality in Shengsi County. Chin.
J. Health Lab. Technol. 2007, 17, 371-372, 384. [CrossRef]

Roth, G.A.; Abate, D.; Abate, K.H.; Abay, S.M.; Abbafati, C.; Abbasi, N. Global, regional, and national age-sex-specific mortality
for 282 causes of death in 195 countries and territories, 1980-2017: A systematic analysis for the Global Burden of Disease Study
2017. Lancet 2018, 392, 1736-1788. [CrossRef]

Cao, X.X;; Xu, C.J.; Hou, Y.B.; Wang, Y.; Fan, N.; Xu, ES.; Wang, Y.G. The epidemic trend and prediction of chronic diseases with
high incidence in China from 1990 to 2025. Chin. J. Prev. Control Chronic Dis. 2020, 28, 14-19. [CrossRef]

WHO. WHO. WHO Guidelines Approved by the Guidelines Review Committee. In Guidelines for Drinking-Water Quality: Fourth
Edition Incorporating the First Addendum; World Health Organization: Geneva, Switzerland, 2017.

Koren, G.; Shlezinger, M.; Katz, R.; Shalev, V.; Amitai, Y. Seawater desalination and serum magnesium concentrations in Israel.
J. Water Health 2017, 15, 296-299. [CrossRef]

Larsson, S.C. Urinary magnesium excretion as a marker of heart disease risk. Am. J. Clin. Nutr. 2013, 97, 1159-1160. [CrossRef]
Elin, R.J. Assessment of magnesium status for diagnosis and therapy. Magnes. Res. 2010, 23, S194-5198. [CrossRef]

Djurhuus, M.S.; Gram, ].; Petersen, P.H.; Klitgaard, N.A.; Bollerslev, J.; Beck-Nielsen, H. Biological variation of serum and urinary
magnesium in apparently healthy males. Scand. . Clin. Lab. Investig. 1995, 55, 549-558. [CrossRef] [PubMed]

Trauninger, A.; Pfund, Z.; Koszegi, T.; Czopf, J. Oral magnesium load test in patients with migraine. Headache 2002, 42, 114-119.
[CrossRef] [PubMed]

Joosten, M.M.; Gansevoort, R.T.; Mukamal, K.J.; van der Harst, P; Geleijnse, ].M.; Feskens, E.].; Navis, G.; Bakker, S.J.; Group, P.S.
Urinary and plasma magnesium and risk of ischemic heart disease. Am. J. Clin. Nutr. 2013, 97, 1299-1306. [CrossRef] [PubMed]
Li, Y. Study on the Present Situation and Health Risk of Desalinated Water in an Island County of Zhejiang Province. Master’s
Thesis, Chinese Center for Disease Control and Prevention, Beijing, China, 2019.

Wang, Z.; Hu, S. Interpretation of Report on Cardiovascular Health and Diseases in China 2020. Chin. ]. Cardiovasc. Med. 2021, 26,
209-218. [CrossRef]

Shi, Q.W,; Dai, N.B.; Sheng, H.Y.; Qin, Y.; Su, J.; Cui, L.; Luo, PE,; Du, W.C.; Zhou, J.Y. Correlation between drinking frequency
and the high-risk of cardiovascular disease. Chin. . Prev. Control Chronic Dis. 2019, 27, 171-175. [CrossRef]

Fu, Y,; Liu, SJ.; Liu, T.; Hou, Z.L.; Li, L; Jia, Y.Y. Epidemiological characteristics and influencing factors of high risk population of
cardiovascular disease in Jilin Province. Chin. |. Dis. Control Prev. 2020, 24, 1297-1301. [CrossRef]

Baghai, T.C.; Varallo-Bedarida, G.; Born, C.; Héfner, S.; Schiile, C.; Eser, D.; Zill, P.; Manook, A.; Weigl, ].; Jooyandeh, S.; et al.
Classical Risk Factors and Inflammatory Biomarkers: One of the Missing Biological Links between Cardiovascular Disease and
Major Depressive Disorder. Int. J. Mol. Sci. 2018, 19, 1704. [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/23781750
https://www.who.int/en/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/en/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
http://doi.org/10.1016/j.apgeochem.2007.10.015
http://doi.org/10.3390/nu8010005
http://www.ncbi.nlm.nih.gov/pubmed/26729158
http://doi.org/10.1289/ehp.0900782
http://www.ncbi.nlm.nih.gov/pubmed/20064792
http://doi.org/10.1097/HJR.0b013e3282f15fce
http://www.ncbi.nlm.nih.gov/pubmed/18391646
http://doi.org/10.3969/j.issn.1004-8685.2007.02.081
http://doi.org/10.1016/S0140-6736(18)32203-7
http://doi.org/10.16386/j.cjpccd.issn.1004-6194.2020.01.004
http://doi.org/10.2166/wh.2016.164
http://doi.org/10.3945/ajcn.113.063354
http://doi.org/10.1684/mrh.2010.0213
http://doi.org/10.1080/00365519509075394
http://www.ncbi.nlm.nih.gov/pubmed/8571086
http://doi.org/10.1046/j.1526-4610.2002.02026.x
http://www.ncbi.nlm.nih.gov/pubmed/12005285
http://doi.org/10.3945/ajcn.112.054114
http://www.ncbi.nlm.nih.gov/pubmed/23485414
http://doi.org/10.3969/j.issn.1007-5410.2021.03.001
http://doi.org/10.16386/j.cjpccd.issn.1004-6194.2019.03.003
http://doi.org/10.16462/j.cnki.zhjbkz.2020.11.011
http://doi.org/10.3390/ijms19061740

	Introduction 
	Population and Methods 
	Study Sites 
	Study Design and Population 
	Field Investigation 
	Questionnaire 
	Urine Sample Collection 

	Quality Control 
	Statistical Analysis 

	Results 
	General Information in the Case and Control Groups 
	Desalinated Water Intake and Calcium and Magnesium Concentrations in Urine 
	CVDs Risk Factors 

	Discussion 
	Conclusions 
	References

