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G roundwater supplies nearly half of all drinking water in
the world.1 Freshwater from rain, lakes, and rivers

absorbs into the ground by a process referred to as
infiltration. The geological formations through which the
water infiltrates can have varying mineral content, thereby
impacting the groundwater salinity. However, global climate
change likely has impacts on mineral composition of ground-
water. Particularly in coastal regions at risk of rising sea
levels, more frequent cyclones, and reduced upstream river
flow,2 changes in drinking water salinity should be expected.
The varying mineral content that contributes to water salinity
may also impact health. It is generally well accepted that
increased dietary sodium intake is associated with hyperten-
sion in the general population.3 Higher drinking water salinity
is also associated with elevated blood pressure.4,5 However,
most published research has only measured sodium content
as a proxy to water salinity, so it is unclear what effect the
other minerals in groundwater may have on blood pressure.

In this issue of the Journal of the American Heart
Association (JAHA), Nasser et al explore the association
between drinking water salinity and hypertension in the
Southwest coastal population of Bangladesh.6 Using data
from 2 cohorts (an observational study during pre-monsoon
and monsoon seasons [when water salinity is low], and a
stepped-wedge randomized trial during the dry season [when
water salinity is high]), the investigators evaluated the
association of 3 categories of drinking water salinity (fresh,
mild, and moderate) with blood pressure in 1574 adults with a
median age of 40 years. Using household drinking water
samples, salinity was measured by electrical conductivity (EC),

which considers all dissolved ions as conductors.6 The major
cations contributing to water EC are sodium, calcium,
magnesium, and potassium. Contrary to their hypothesis, a
negative association between salinity by EC and blood
pressure was observed. Twenty-four-hour urinary excretion
concentrations of contributing cations were also measured, to
reflect intake of these minerals. As might be hypothesized,
higher urinary sodium excretion was associated with slightly
higher systolic blood pressure; however, higher urinary
calcium and magnesium were associated with lower systolic
blood pressure and diastolic blood pressure. Also contradic-
tory to their hypothesis, mild-salinity water consumption was
associated with lower risk of stage 1 and 2 hypertension as
compared with the freshwater category. The authors con-
cluded that this somewhat unexpected finding was because of
protective effects of higher calcium and magnesium concen-
trations in mild- and moderate-salinity water.

The current literature is inconclusive with respect to these
findings. Numerous studies have confirmed a link between
high dietary sodium intake and blood pressure.3–5,7 This link is
traditionally explained by the Guyton Hypothesis, whereby
increased sodium intake promotes increased blood pressure
via extracellular fluid volume expansion.8 More recent liter-
ature also supports a key role of the vasculature to elevate
blood pressure in response to sodium intake, independent of
renal sodium excretion.9 With regard to calcium, the literature
is controversial. Some research supports that high urinary
calcium excretion is associated with elevated blood pres-
sure.10,11 Other evidence suggests that diets supplemented
with calcium mildly reduce blood pressure, with a possible
dose–response effect.12 It should also be noted that high
dietary calcium consumption may increase cardiovascular risk
via promotion of arterial calcification.13 The role of magne-
sium in blood pressure control is less clear. However,
magnesium supplementation has been used to prevent
eclampsia.14 Although not completely characterized, magne-
sium likely acts as a vasodilator to reduce peripheral vascular
resistance or to relieve vasoconstriction.15

While most published research has focused on individual
mineral impact on health, the current study’s measurement of
water EC to assess the contribution of multiple cations to
salinity was novel. In addition, a large sample size was
included to assess an important global health question in the
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context of changing climate. However, it is important to
consider several limitations when interpreting the results of
the study. As the authors note, the concentrations of
individual cations in the drinking water could not be
measured, because of high cost. The association of mild-
salinity drinking water with lower blood pressure was
attributed to the protective effects of calcium and magne-
sium, because urinary levels of these cations associated
negatively with blood pressure and differed across the 3
drinking water salinity categories. However, excretion cannot
distinguish the source of these minerals, which may include
alternate sources such as diet or supplements (Figure). It was
assumed that the predominate source of measured minerals
in the urine was from the drinking water, as a result of mineral
deposition from the surrounding geology. There was also no
direct measurement of consumed water volume. It is reason-
able to hypothesize that participants who were drinking saltier
water would tend to drink a higher volume of water; assuming
normal renal function, this would increase both urine volume
and sodium excretion, although information regarding kidney
function was limited. Additionally, there may have been
mineral loss to perspiration, particularly if activity level was
high, which is challenging to quantify.

Because this study assessed water samples and blood
pressure at a single time point, future research should explore
the long-term effects of drinking water salinity on blood
pressure, incident hypertension, and cardiovascular health. It
is also important to note that while the association between
salinity and blood pressure was in the opposite direction of
what was hypothesized, the statistically significant difference
was clinically small (moderate-salinity water drinkers had a
�1.58 [95% CI: �3.13, �0.03] mm Hg difference in systolic
blood pressure). One possible explanation for the unexpected
finding that higher drinking water salinity was associated with
lower blood pressure is the small number of subjects
consuming very high-salinity water. The distribution may have
skewed towards samples in the mild-salinity and lower end of
the moderate-salinity categories. However, the data pre-
sented in restricted cubic spline plots suggest a J-shape
curve,6 demonstrating a trend of higher systolic blood
pressure with higher water EC. An interesting follow-up study
could assess blood pressure with more participants consum-
ing higher-salinity water.

Despite some key limitations, this study offers interesting
insights. With almost 40% of the world’s population living
within 100 km of an ocean or sea,16 there is a high demand
for fresh groundwater extraction. In fact, half a billion people
in the world face severe freshwater scarcity year-round.17 Sea
level rise associated with global climate change, coupled with
increased demand for groundwater, may increase water
salinity via saltwater intrusion in coastal regions.2 The severity
of such saltwater intrusion may compromise groundwater

supply, increasing the need for consideration of water
desalination. Managed aquifer recharge is a valuable tech-
nique to manage groundwater quantity and quality, including
preventing some of the negative consequences of saltwater
intrusion.18 Managed aquifer recharge is likely a key solution
for managing salinity in the drinking water in southwest
coastal Bangladesh, but effectiveness can vary by season, as
well as management of the process.19 Another factor
impacting groundwater supply is the location and depth of
the well. The degree to which seawater infiltrates the
groundwater can depend on the porosity or clay-like condi-
tions of the surrounding soil. Shallow wells may be more
susceptible to seawater intrusion than deeper-drilled wells.19

There can also be seasonal differences affecting the drinking
water supply, which may be exacerbated by climate change.
These are all important considerations, not only for future
clinical research on this topic, but for geologists, hydrologists,
and public health officials alike.

This study highlights an important public health issue. If
more people will be consuming water with a higher salinity
globally, the long-term impact of water salinity on blood
pressure and cardiovascular health must be determined.
Future studies, including randomized controlled trials, are
needed to elucidate the blood pressure effects of each
mineral in higher-salinity water. These studies should also
assess the impact of potential confounding factors, including
disease status, diet, and physical activity. It is still unclear
how increased sodium content in the groundwater drinking
supply may be offset by other mineral content, including
calcium and magnesium. As such, the contribution of each
individual mineral to overall health should be further
examined. These questions represent an exciting area of
future research with a potentially large impact on global
health.

Figure. The network of minerals (sodium [Na+], calcium [Ca2+],
magnesium [Mg2+], and potassium [K+]) infiltrating the drinking
groundwater supply, potential sources of water and mineral intake
through diet, potential water and mineral excretion through
physical activity, and their incompletely understood role in blood
pressure and cardiovascular health.
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