Mineral water as food for bone: an overview
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ABSTRACT

Water is a primary asset and contributes significantly to human health. Although water requirements vary from person to
person, an intake of 1.5-2 L per day is known to guarantee proper hydration, and is essential to maintaining the body’s
water balance.

Water for human use includes “water” (treated or not) intended to be drinkable, used for the preparation of food and
drinks, and for other domestic uses, and “natural mineral water”, meaning waters that “originate from an aquifer or from a
groundwater basin, which flow from one or more natural or reamed (perforated) springs and which have specific hygienic
characteristics and, possibly, health properties”.

According to European legislation (Directive 2009/54/EC), mineral waters can be classified on the basis of analysis of
their main chemical-physical characteristics. Natural mineral waters can also be classified into many categories on the
basis of their mineral composition and principal component. Natural mineral waters are known to have many beneficial
(and non-beneficial) effects on human health and several studies have explored their properties and their role in different
physiological and pathological conditions.

Despite concerns about possible negative effects due to the plasticizers and/or endocrine disruptors that may be present
in bottled mineral waters, their consumption is widespread.

Calcium-rich mineral waters (calcium content >150 mg/L) supply excellent amounts of highly bioavailable calcium and
are a very useful way of taking in calcium regularly and in a well distributed way throughout the day, without experiencing
side effects; they therefore contribute to the achievement of the recommended intakes.

Mineral waters can also be used as supplements to reduce the risk of deficiency of other micronutrients important for
bone health such as boron, strontium and fluoride. Finally, gut microbiota is emerging as a key player in bone turnover
regulation due to its ability to modulate the immune system, controlling inflammation and also influencing calcium ab-
sorption and vitamin D levels. Intestinal dysbiosis may promote bone mass loss in older people and after menopause.
For this reason, the maintenance of a healthy and efficient intestinal microbiota is considered fundamental in the man-

agement of skeletal pathologies, both to prevent them and to support possible drug therapies.
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Introduction

Water is an essential element for life. The fact that it covers
about 70% of the Earth’s surface and makes up about 60-70%
of the human body is enough to give an idea of the importance
of the relationships between water, health and the ecosystem.
Most of the world’s waters are unavailable, being preserved in
ice form in the polar caps and in Greenland. Of the free waters,
only about 1% consists of fresh water that collects in basins,
lakes and rivers, or flows underground, and of this 1% only a
small part can be used for human needs. And now, with pollu-
tion-related climate change clearly under way, the amount of
water that can be used by people is destined to decline still fur-
ther. A key aspect of climate change is its impact on the Earth’s
water cycle, through which water is continuously distribut-
ed from our oceans to the atmosphere, soil, rivers and lakes,
and then returned to our seas and oceans. Climate change is
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increasing water vapor levels in the atmosphere and making
water availability less predictable. Climate change has also
increased the average water temperature of rivers and lakes,
shortening the length of the ice cover seasons. These chang-
es, together with the increase in river flows in winter and their
reduction in summer, are having important impacts on water
quality and freshwater ecosystems. Some of the changes trig-
gered by climate change exacerbate other pressures on aquatic
habitats, including pollution. For example, a river flow reduced
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as an effect of decreased rainfall will result in a higher con-
centration of pollutants, as there is less water to dilute them 1.

Although water is such an important element for life and
plays a fundamental protective role for human health, its con-
tribution to maintaining health, as well as its use as real food
which provides human body with essential nutrients, is very
often ignored, especially in richer countries.

The human body is made up of about 60% water, well
distributed between the extra and intracellular compartments,
which contain respectively about 35% and 65% of all the water
contained in the body. Water is used by our body for several
functions: the distribution of nutrients and molecules through
the bloodstream, the elimination of waste products and toxins,
and the lubrication of membranes and cells; it is also used to
support organs, tissues and joints. Since the human body con-
tains no mechanism allowing us to accumulate and store water,
we need to ensure a daily supply of it, sufficient to keep the lev-
el of water in the body constant and efficient. Although a cer-
tain amount of water is introduced through solid foods in our
diet - fruit and vegetables, in particular, can contain up to 85%
water - an intake of approximately 1.5/2 L per day is still es-
sential to ensure adequate hydration and to maintain the body’s
water balance. This amount may vary as needs differ according
to age, level of physical activity, personal circumstances and
weather conditions 2.

Given the fundamental importance of water, countries
across the world define recommended intake levels for their
populations. Table I shows the recommended daily amounts for
different age groups and physiological conditions in Italy ©!.

Water for human use includes “water” (treated or not) in-
tended to be drinkable, used for the preparation of food and
beverages, and for other domestic uses, and “natural mineral
water”. According to Italian law, drinking water must be “clear,
odorless, tasteless, colorless and harmless, that is, free of path-
ogenic microorganisms and chemical substances harmful to
humans” and safe on the basis of verification of its microbio-
logical, physical and chemical parameters .

Natural mineral water can be clearly distinguished from
ordinary drinking water by the purity and preservation of the
springs from which it is obtained, by the presence of constant
levels of minerals (trace elements or other constituents), and by
any effects they may cause.

According to European legislation (Directive 2009/54/EC)
B3 and its subsequent implementation in Italian law ', natural
mineral waters are those that “originate from an aquifer or from
a groundwater basin, which flow from one or more natural or
reamed (perforated) springs and which have specific hygien-
ic characteristics and, possibly, health properties”. Moreover,
composition, temperature and other essential characteristics of
natural mineral waters must remain constant at source even in
the presence of natural variations, including changes in flow.

In the United States, the Food and Drug Administration
(FDA), the regulatory agency for food and beverages, is the
body responsible for regulating bottled water as food. The FDA
identifies mineral waters as “water containing not less than 250
parts per million (PPM) of total dissolved solids (TDS) taken
from a spring with one or more wells, or from a geologically
and physically protected underground spring” !,
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Table | Recommended daily intake of water for the Italian population.

AGE RANGES ADEQUATE INTAKE (mL/day)

Infants
6-12 months 800
Children-Teenagers
1-3 years 1200
4-6 years 1600
7-10 years 1800
Males 11-14 years 2100
15-17 years 2500
Females 11-14 years 1900
15-17 years 2000
Adults
Males 18 -29 years 2500
30 -59 years 2500
60-74 years 2500
>75 years 2500
Females 18-29 years 2000
30-59 years 2000
60-74 years 2000
>75 years 2000
Pregnancy
+350
Breastfeeding
+700

Most of the mineral waters consumed in the world are
stored in plastic bottles. Several studies have focused on the
safety of bottled mineral waters and one of the main concerns
over their use concerns the possible migration of chemicals
from plastic containers to the water. Plastic bottles can release
free monomers, which, after migrating into the water and be-
ing absorbed by the human body, can potentially interfere with
endocrine systems. This phenomenon, which can occur with
stored food in general, can be amplified in food products that
are consumed in large quantities, as ascertained in the case of
water. Bisphenol A is one of the best characterized endocrine
disruptors commonly used in the plastic food packaging pro-
duction industry. Such disruptors may migrate into food, espe-
cially if the packaging is stored under conditions that favor this.
Favorable conditions include long storage times, high tempera-
tures, and exposure to sunlight and UV rays 1.

Despite concerns about possible negative effects due to the
possible presence of plasticizers and/or endocrine disruptors
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that may be present in bottled mineral waters, they continue

to be widely consumed. In recent years, bottled mineral water

consumption has significantly increased worldwide. According
to a U.S. and International Developments and Statistics report,
the United States, Western European countries, and several

Asian nations have seen an increase in their bottled water mar-

kets 12

As recently reported in the Libro Bianco “II valore dell’ac-
qua 20217, Italy consumes 200 liters per capita per year, and is
the world’s leading consumer of bottled mineral water (com-
pared to a European average of 118 liters). It is also the EU’s
second largest pumper of water for potable use, drawing 153
m? per capita per year (twice the European average) ..

According to the Italian National Institute of Statistics
(ISTAT), 46.5% of Italians do not drink tap water. Parents, in
particular, often prefer to give their children bottled mineral
water. Considering the good quality of water supplied by local
waterworks, this practice is, for most of Italy, at least partially
unjustified. As mentioned, Italy consumes more bottled min-
eral water (an average of 155 L/person/year) than any other
European nation %,

As we have outlined, water in all its forms is fundamental
for human survival. In particular, drinking water can be consid-
ered in two ways: “a drink” if we refer to a liquid that hydrates
human body, or “food” if we consider its mineral, nutritious
content.

“Natural mineral water” means microbiologically pure water,

the term denoting absence of the main indicators of contami-

nation, such as parasites and pathogenic microorganisms 2. A

natural mineral water can be defined as such in the presence of

the following:

*a detailed description of the hydrogeological basin from
which it originates, including the nature of the soil and the
way in which the water was collected

e a detailed physico-chemical analysis, performed to define its
final characteristics (source flow rate, source temperature, an-
ions, cations, trace elements, presence of toxic elements)

e microbiological analysis, performed to ensure that the main
indicators of contamination are not present.

This information shall be clearly indicated on the label, which

will also include possible beneficial physiological effects on

human health, if supported by appropriate clinical and scien-
tific studies ',

The water can also be classified on the basis of its “fixed res-

idue 180 °C”, that is, the amount of residual mineral salts (in

mg) after evaporation of 1 liter of water at 180 °C.

Finally, it is also possible to classify natural mineral waters,

into many categories, on the basis of the presence of certain

specific minerals. According to Directive 2009/54/EC, mineral
waters can currently be classified as:

* bicarbonate water, if the bicarbonate content is >600 mg/L

* sulphate water, if the sulphate content is >200 mg/L

» chlorinated water, if the chloride content is >200 mg/L

e calcium water, if the calcium content is >150 mg/L

* magnesian water, if the magnesium content is >50 mg/L

* fluorinated water, if the fluoride content is >1 mg/L (more
than 1.5 mg/L fluoride is not suitable for children under 7
years of age)
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* acid water, if the CO2 content is >250 mg/L

e sodium water, if the sodium content is >200 mg/L. The note
“Suitable for a low-sodium diet” may be added to labels if the
sodium content is <20 mg/L.

Calcic and magnesian waters

Mineral waters with a calcium (Ca) content >150 mg/L are
defined as “calcic waters”. They supply excellent amounts of
highly bioavailable Ca, and are therefore a very useful way of
taking Ca regularly and in a well distributed way throughout
the day, without experiencing side effects; they therefore con-
tribute substantially to the achievement of the recommended
intakes.

Several studies on osteoporosis prevention and therapies
based on Ca supplements have shown that mineral water can be
usefully transformed from “food” into “nutrient”. If properly
consumed, in fact, calcic water can be considered an excellent
Ca supplement.

As effectively summarized in the table published in 2019
by Vannucci et al. ", the past thirty years have seen many pub-
lications on the effectiveness of mineral water for maintaining
adequate Ca intake. In a cross-sectional study involving 21
healthy men aged 18-50 years, recruited from the German gen-
eral population, Greupner et al. evaluated the bioavailability of
Ca from three mineral waters with different mineral concen-
trations, from milk, and from a calcium carbonate supplement
(CaCo3). Serum and urine analysis results indicated that the bi-
oavailability of Ca from mineral water with different levels of
mineralization, milk and food supplements was comparable '),

Calcium-rich mineral water is a calorie-free and fat-free
source of Ca that contributes to the optimal supply. In this con-
text, individuals’ usual patterns of mineral water consumption
should be considered, because greater intake during the day can
increase the bioavailability of Ca.

The amount of Ca in drinking water is variable, ranging
from negligible levels to values higher than those contained in
several dairy products. This variability depends on the origin
of the water, the treatment it underwent, and the distribution
system used. In many areas of China, to ensure the quality and
safety of classically produced tap water, the government has
widely implemented direct drinking water (DDW) systems
in several public spaces, including school campuses. DDW is
obtained from municipal tap water using a series of advanced
water treatment technologies and can be consumed safely with-
out further treatment. The result of such systems, however, is
a purified very low mineral water that, widely consumed by
the population, can drastically reduce the mineral intake thus
posing several health risks.

Huang et al. conducted a retrospective cohort study in 660
children aged 10-13 years divided into two groups who, for
four years, were given, at school, drinking water with normal
or very low mineral content, respectively. They evaluated the
relationships between water consumption and bone remodeling
in these children, and concluded that consumption of very low
mineral water, even though it is not the only source of daily
drinking water, might be associated with osteoblast inhibition,
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bone resorption activation, bone mineral reduction, and height
development retardation. The authors considered these effects
to be attributable to the fact that, by consuming this water, chil-
dren did not achieve the recommended Ca intake '],

Although drinking water may be extremely important in
achieving recommended levels of Ca, its consumption is regu-
larly omitted in food intake surveys, and not all chemical com-
position tables show the Ca content of water.

In Europe the mineral content of water varies greatly, and
that applies to both tap water and bottled waters. Stoot et al.
analyzed 126 brands of carbonated or sparkling water, in 10
countries, and confirmed this great variability in the mineral
composition of water across Europe. The lowest average con-
centration of Ca (about 43 mg/L) was found in Italy, and the
highest (91 mg/L) in Switzerland .

Concentrations of Ca and magnesium (Mg) in drinking wa-
ter in Europe vary considerably due to the composition of the
bedrock, i.e., the source of the water supply. Although there is
no regulation imposing minimum Ca and Mg or water hardness
levels, many studies agree that the presence of Ca and Mg is
beneficial for health.

Even though the current position of the World Health Or-
ganization "'!7 is that the strength of evidence is insufficient
to propose guidelines for Ca, Mg or water hardness levels,
Kozisek, in a paper published in 2020, looked at whether EU
member states have rules on levels of these minerals and of
hardness of drinking water. The author observed that there are
several studies suggesting that Ca- and Mg-rich mineral waters
have a protective and beneficial effect on many chronic dis-
eases including neurological disturbances, amyotrophic lateral
sclerosis, preeclampsia in pregnant women, high blood pres-
sure, and metabolic syndrome. And many publications have
also shown that a lack of Ca or Mg in drinking water seems to
cause lower bone mass density (BMD), a higher incidence of
fractures, and disturbed bone development in children !'8).

In recent review, Rosborg and Kozisek (2020) evaluated six
epidemiological studies carried out in Taiwan and Slovakia on
water hardness and water Mg content. The studies showed that
the presence of Mg and hardness of water were associated with
a lower risk of certain neoplasms, in particular esophageal, co-
lon, rectal, prostate and breast cancers %,

Even though the health benefits of this type of water appear
clear, consumption of water with very high levels of Ca and
Mg may be reduced by lower acceptability of the water due to
its taste. Moreover, the high level of total dissolved solids may
raise fears of increased risk of kidney stones. That said, there is
evidence that Ca can reduce the risk of certain types of kidney
stones by reducing urinary oxalate excretion !,

Although the importance of the presence of these minerals
in water intended for human consumption is evident, there is
still no clear European directive setting minimum limits for the
presence of Ca and Mg in public drinking water.

The decision on limit values was left to the member states,
taking into account local conditions: the minimum concentra-
tions of calcium and magnesium or of total solids dissolved
in softened or demineralized water could be established taking
into account the characteristics of the water entering these pro-
cesses 121,
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It would therefore be desirable for these health observa-
tions to be translated into a single directive establishing the
characteristics of drinking water intended for human use, also
because, as Kozisek concludes: “Concentrations of Ca and Mg
in sources of drinking water in Europe vary considerably due
to composition of the bedrock, from which water source orig-
inates. We can find a wide range of water hardness from very
soft to extremely hard, and even though these drinking waters
may comply with all microbiological and toxicological require-
ments, their consumption may influence the health of popula-
tions supplied” 8],

On the other hand, the problem of the effect of mineral-
ized water on human health has long been addressed globally.
The study conducted by Cormick and colleagues, published in
2020, aimed to evaluate the Ca content of waters from Argen-
tine waterworks and of bottled natural mineral waters, to assess
how it may help the population to meet recommended intakes.
Data on the mineral content of waters from the United States
show an average of 34 mg/L for tap water coming from surface
sources, 52 mg/L for tap water coming from ground sources,
and 100 mg/L for mineral waters. Data from Spain show an
average Ca concentration of about 38.9 mg/L for public drink-
ing waters and 39.6 mg/L for mineral waters. Cormick et al.
showed that, in Argentina, most tap or commercially available
bottled waters had Ca levels well below 50 mg/L. The sam-
ples the authors analyzed had an average Ca level of 13.1-15.8
mg/L with those from water supply systems and those from
private wells found to have similar values. Considering that the
recommended Ca intake is about 1000 mg/day, these results
show that the Ca concentration in the evaluated Argentinian
waters could cover 1.3 to 1.9% of the required amount per liter
of water consumed. The authors conclude that Ca contained
in waters distributed in Argentina, both tap and commercially
bottled, do not significantly contribute to achieving the recom-
mended amounts. So, given the benefits that arise from proper
Ca intake, and in the light of the low Ca intake reported in dif-
ferent regions of the world, increasing the amount of Ca in tap
water and commercially bottled water could be a valid means
of bringing about a “universally and fair improvement of cal-
cium intake”. Strategies to increase the Ca content of water
should therefore be developed 2.

Published in 2002, a study conducted in France by Galan
et al. showed that mineral water, depending on the amount of
Ca it provides, can contribute up to a quarter of an individu-
al’s total daily Ca intake. Subjects who regularly drink miner-
al-rich water have a significantly higher Ca intake than those
who drink low mineral or tap water. The authors also noted
that only mineral water can bring about significant differences
in dietary Mg intake. Depending on the concentration of Mg,
mineral water can contribute from 6% to 17% of total daily Mg
intake. People who drink water rich or moderately rich in Mg
have a significantly higher intake than those who drink water
low in minerals or tap water. These authors, too, conclude that
a mineralized water can significantly contribute to improving
intake of Ca and Mg, and is also a valid option for those who
cannot or do not want to consume dairy products .

A recent review published by Rondanelli et al. in 2021
shows that Mg has been considered of fundamental importance
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for bone health since 2009, the year in which a European Food
Safety Agency (EFSA) panel concluded that “a cause-and-ef-
fect relationship has been established between the dietary in-
take of magnesium (Mg) and maintenance of normal bone”.
In the light of the numerous studies analyzed, the authors re-
marked that “from the various studies carried out since 2009 on
the serum concentration of Mg and its relationship with bone,
it has been shown that lower values are linked to the presence
of osteoporosis, and that about 30-40% of the subjects analyz-
ed (mainly menopausal women) have hypomagnesemia. Con-
sidering the intervention studies published to date on supple-
mentation with Mg, most have used this mineral in the form
of citrate, carbonate or oxide, with a dosage varying between
250 and 1800 mg. In all studies a benefit in terms of both bone
mineral density and fracture risk was found” 4,

It is therefore clear that adequate intake of Mg through diet
has a protective effect on the onset of osteoporotic fractures,
especially in the female population. Women meeting the rec-
ommended Mg intake had a 27% decreased risk of future frac-
tures .

A study conducted 20 years ago in the SU.VI.MAX cohort
in France showed that subjects who drank Mg-rich water had
significantly higher intakes of Mg than those who drank oli-
gomineral water or tap water %1,

It is worth noting that bioavailability of Mg from water is
generally greater than from food, and while it is relatively easy
to fortify water, it is practically impossible to add Mg to foods.
Moreover, using water rich in Mg for cooking, in particular for
boiling foods, can help to reduce mineral losses from food 2.

A magnesian water can be considered an excellent alter-
native source in order to achieve optimal intake of Mg, even
as a possible alternative to oral supplements (as in the case of
calcic waters).

An extensive Norwegian study of elderly people living in
urban and rural communities provided interesting information
about the effects of Mg in drinking water distributed through
municipal aqueducts and the risk of hip fracture. Norway has
a high incidence of hip fractures that varies according to de-
gree of urbanization. The hypothesis behind the study was
that this variation could reflect a difference in environmental
factors and in particular could be due to variations in the con-
centration of Ca and Mg supplied to the population through
municipal drinking water. So, Dahal et al. set up a study with
the precise purpose of investigating the association between the
presence of Ca and Mg in municipal drinking water and the
risk of hip fracture, taking into account degree of urbanization,
variation between geographical regions, type of water source
(surface or groundwater), and acidity (pH) of the water. Frac-
ture events recorded by NOREPOS (Norwegian Epidemiologic
Osteoporosis Studies) between 1999 and 2008 were analyzed.
The composition of the water from about 500 aqueducts that
supply 64% of the Norwegian population was analyzed and its
mineral characteristics were related to hip fractures recorded
in subjects (men and women between the ages of 50 and 85)
who used the analyzed water as drinking water. The study was
conducted between years 1994 and 2000 with the participants
being observed for a period of between 3 and 14 years. During
that time 5,433 fracture events in men and 13,493 in women
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were identified. The study concluded that both men and women
aged 50-85 who drink municipal water with a relatively high
concentration of Mg had a significantly reduced risk of hip
fracture. On the basis of these results, the authors argued that
one possibility, currently not exploited, to improve the mineral
status of the Norwegian elderly could be to add Mg to munici-
pal drinking water 7).

In 2015 a further study was published whose purpose was
to assess in particular the possible association between Ca in
municipal drinking water and the risk of hip fracture in the
same sample of Norwegian men and women, and whether this
risk could be modified by the simultaneous presence of dif-
ferent levels of trace minerals. The study considered a large
population covering about two thirds of the Norwegian popu-
lation and analyzed 19000 hip fracture events. It is interesting
to note that a lower risk of hip fracture was shown in men who
consumed, daily, water with a higher Ca content, and that this
inverse association between the amount of Ca in drinking water
and hip fracture was even more marked when the copper level
in the water was high The results showed that the presence of
copper changed the relationship between the quantity of calci-
um and the risk of hip fracture and that it was possible to evince
an inverse association between calcium in drinking water and
hip fracture risk in men that was stronger when the copper con-
centration in the water was high 2.

Strongly mineralized waters are a great resource for en-
suring an optimal supply of mineral salts through diet, which
in turn contributes in a substantial way to the maintenance of
good skeletal health. The mineral composition of drinking wa-
ter depends on the geological characteristics of the source zone
and the local distribution systems. It is important to be aware
of the mineral characteristics of water, as substances that can
be important for skeletal health may be present in low concen-
trations.

Trace minerals: strontium, boron, fluoride

Strontium

Strontium (Sr) is also a mineral that contributes to the mainte-
nance of the health of our skeleton; in fact, up to 99% of the Sr
present in our body is stored in the bone. Strontium promotes
bone growth and helps to prevent and treat osteoporosis. Stron-
tium ranelate is an organic salt widely used in the treatment of
osteoporosis. Strontium is taken in through food and drink and,
in particular, mineral waters. It is a mineral well known to com-
pete with calcium for absorption, which is why a correct Ca/
Sr ratio is considered important for osteoporosis prevention.
Although Sr can be considered an important element for public
health, the WHO has not established limits for the presence of
Sr in drinking water ['7),

A recent study published by Peng et al., in 2021, evaluat-
ed Sr levels in samples of public water collected in 314 Chi-
nese cities. The study assessed the health risks, in different age
groups and in different regions, in relation to the presence of
Sr in drinking water and therefore its intake. In the study, per-
formed between December 2019 and January 2020, the authors
estimated that daily intake of Sr through public drinking wa-
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ter amounted to 24-42% of total daily intake of Sr correlation
analysis showed a significantly positive correlation between Sr
concentration and lumbar bone mineral density in the elderly
population, and concluded that the Sr present in the drinking
water could have a positive effect on the prevention of osteo-
porosis 2%,

Thus, although this is an element that needs to be carefully
assessed, because of its competition with calcium for absorp-
tion and the essential need to keep its levels under control, its
administration in adequate doses through drinking water could
probably be an important factor in the prevention of bone
health issues.

Boron

Boron is a widespread trace element in nature, which humans
take in mainly through diet (food and drinking water). To date,
observations collected from the scientific literature suggest
positive effects of boron on human health and metabolism, but
human data are still scarce.

A diet rich in boron is characterized by high consumption
of fruits, leafy vegetables, nuts, legumes, fermented drinks of
vegetable origin (wine, cider and beer), and coffee.

The concentration of boron in foods varies according to the
quantity of boron in soil, thus dietary intake of boron varies
widely, depending on the quality of drinking water and amount
and types of plant foods consumed, plants being the only or-
ganisms able to metabolize inorganic boron compounds and
convert them into forms that are effectively assimilated by ani-
mal and human cells .

There are no specific recommendations regarding intake
of boron. According to the WHO, 0.2-0.6 mg/day in drinking
water and 1.2 mg/day through diet can be considered adequate
intakes. However, “boron intake” of 1-13 mg/day has been sug-
gested to be an “acceptable safety interval” for adults. A varied
diet rich in plant foods is thought to provide up to 1.5-3.0 mg/
day of boron; reported dietary boron intake in the European
Union ranges from 0.8 to 1.9 mg/day B'l.

The EFSA, on the other hand, after performing several
observations on every possible toxic effect of boron and after
assessing it toxicodynamics, suggested that 10 mg/day (in the
form of boric acid and borates) constitutes the maximum safe
dose for the adult population 1.

In a recent study, published in 2022, Weber et al. identi-
fied a correlation between boron plasma concentration, diet,
and cardio-metabolic risk in the general population. The study
evaluated plasma boron concentrations in around 1000 sub-
jects, aged 19-77 years, recruited from the general HEALTY
population, with the aim of identifying dietary, anthropometric
and cardio-metabolic correlates of these concentrations. The
researchers concluded that higher boron intake corresponded
to better metabolic profiles, characterized by lower body mass
index and lower concentration of C-reactive protein, resulting
in a lower cardio-metabolic risk profile .

Boron has long been considered a critical element for bone
health. Studies published to date on boron efficacy on bone me-
tabolism have established that supplementation of 3 mg/day is
useful to support bone health (in order to prevent and maintain
adequate BMD). This dose is much lower than the upper level
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indicated by EFSA (daily dose of 10 mg).

A study by Boyacioglu et al. in 53 postmenopausal women
aged 50-60 investigated the relationship between daily intake
of boron, blood levels of osteocalcin, and polymorphisms of
the gene encoding it. This Turkish study involved 25 women
from “boron rich” regions and 28 women from “low boron”
regions. The data analysis showed significantly higher serum
levels of osteocalcin in postmenopausal subjects naturally ex-
posed to higher boron concentrations than in subjects from
low boron areas, but no statistically significant correlation was
found between boron exposure levels and the presence of some
polymorphisms of the osteocalcin gene. Although the authors
could not make any conclusive observations about the effects
of boron intake on BMD, they observed that the level of osteoc-
alcin was higher in the group exposed to boron. Therefore, it is
possible to hypothesize that regular intake of water containing
more than 1 mg/L of boron can positively affect bone metabo-
lism in postmenopausal women %I,

In the light of the newest observations on the effects of bo-
ron, Rondanelli et al. concluded that: “Given the recent dis-
coveries on the various beneficial effects of boron on human
health, it may be necessary to evaluate whether to classify it
among the essential microelements for humans.” %2,

Fluoride

Fluoride is another element commonly found in water intended
for human consumption. Fluoride is the 13" most abundant an-
ion in the lithosphere. It is present in all the water resources of
our planet in variable quantities and proportions. The levels of
fluoride in lakes, rivers and canals depend on the topography of
the river basins of these bodies of water. The levels of fluoride
in groundwater depend on the quality of the minerals present in
the rocks through which the water passes 141,

Total daily exposure to fluoride, which is related to the con-
centration of the mineral in drinking water, the amount drunk,
and the levels present in food, may vary significantly depend-
ing on geographical area.

As reported by the WHO, fluoride dissolved in drinking
water is frequently absorbed in proportions exceeding 90%.
Average absorption of dietary fluoride is in the range 30-60%,
varies from region to region, and is influenced by dietary com-
position. In humans, fluoride is considered a chemical element
of great importance for health. There are several epidemiolog-
ical studies on the possible long-term effects of exposure to
fluorides by ingestion through water. The fluoride content of
human bones varies from 300 to 7000 pg/g of dry tissue de-
pending on total fluoride exposure . To date many studies
clearly establish that fluoride mainly produces effects on skel-
etal tissues in bones and teeth, although low concentrations of
fluoride provide protection against dental caries, especially in
children.

In relation to the amount of fluoride contained in water, the
following phenomena can be observed: dental fluorosis, bone
problems, osteoporosis, skeletal fluorosis, neurological disor-
ders, thyroid disorders and growth retardation, as well as mus-
cle damage following deadly toxic doses. The term fluorosis
covers a wide spectrum of clinical manifestations related to flu-
oride toxicity. In the body, ionic fluoride rarely exists in blood;
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most ingested fluoride is trapped by bone tissue. In bone, fluo-
ride accumulates in the lattice of bone crystal, where it stimu-
lates new bone formation locally. The newly formed bone out-
growths (exostoses) lead to several clinical syndromes. Effects
on bone increase with drinking water fluoride concentrations
in exceeding 2 mg/L. Skeletal fluorosis (with changes in bone
structure) can occur when water contains 3-6 mg/L. Skeletal
deformities generally develop at concentrations of above 10
mg/L. The WHO has set an upper limit of 1.5 mg/L for fluoride
in drinking water, although several countries have set their own
standards according to their circumstances *!1.

Italian waters are usually sufficiently rich in fluoride, so
much so that it is not advisable to add it to drinking water or
use it as a pharmacological supplement. Nationally, Italy has
an average water fluoride concentration of about 1 mg/L. This
may explain the lack of measures and regulations concerning
the artificial addition of fluoride to drinking water 1.

Emilie Helte and colleagues, in a study published in 2021,
assessed the associations of urinary fluoride, and fluoride tak-
en in through drinking water and diet, with BMD and fracture
incidence in a prospective cohort of postmenopausal women
living in an area where natural fluoride concentrations in mu-
nicipal drinking water ranged from O to 1 mg/L. Between 2003
and 2009, about 8,300 women under the age of 85, living in
the Uppsala area, were enrolled. Urine and blood samples were
collected and a food frequency questionnaire was administered
to estimate dietary and drinking water fluoride intake. Finally,
bone mass assessments were carried out by performing bone
density scans. As reported by the authors, the results of the
study show that “the risk of hip fracture was increased among
Swedish women who had the highest levels of urine fluoride
excretion and the highest estimated fluoride intake from bever-
ages and food relative to women with the lowest levels of each
exposure” and that “long-term consumption of tap water with a
fluoride concentration of 1 mg/L, which is below the 1.5 mg/L
maximum concentration recommended by the WHO, may ad-
versely affect bone health in postmenopausal women.” 1%,

In the light of this study, it can therefore be concluded that
a low but constant fluoride intake, even at doses below the pre-
scribed limit, may be harmful for bone health.

An even more recent study proposes an analysis of the
mechanism by which fluoride could have harmful effects on
the organism, calling into question the intestinal microbiota.

Shi-quan Zhu et al. evaluated the effects of exposure to
different amounts of fluoride in drinking water in group of
72 female mice fed a standard diet and water containing 25,
50 or 100 mg/L fluoride. After 70 days, colic tissue and colon
content were collected, to carry out histological assessments
and microbiota analysis, with the aim of describing differences
in microbiota structure at phylum level. The results showed a
clear change in the composition of the microbiota in relation
to the level of exposure to fluoride. In particular, a decrease
in the amount of short-chain fatty acids (SCFAs), known to be
associated with good microbiota health, was observed. Histo-
pathological lesions of the colic tissue were also observed, with
shortening and atrophy of the glands, necrosis of enterocytes,
and a decrease in the number of caliciform cells. The authors
concluded that high dietary fluoride concentrations have a pro-

54

found effect on the intestinal mucosa, disrupting the intestinal
microbiota profile, reducing the amount of SCFAs, which can
lead to the onset of intestinal inflammation, and promoting an
increase in the expression of IL-17A and IL-22, thereby modi-
fying the homeostasis of the colon 7.

Gut microbiota is increasingly recognized to play a leading
role in bone turnover regulation, due to its the ability to mod-
ulate the immune system, controlling inflammation and also
influencing calcium absorption and vitamin D levels. Intestinal
dysbiosis may promote bone mass loss in older people and after
menopause.

The composition of gut microbiota can be modified in dif-
ferent ways: through the use of antibiotics or drugs, the adop-
tion of new eating habits, or the use of prebiotics and probiotics.
All these changes can strongly affect bone health in a favorable
or unfavorable way. Most experimental data produced in mice
have shown that gut microbiota modulation by the use of probi-
otics is able to increase bone mass and reduce bone loss associ-
ated with estrogen decrease. In this sense, intestinal microbiota
manipulation could become a future adjuvant treatment in the
prevention of osteoporosis, osteopenia and other diseases char-
acterized by bone loss such as periodontitis. For this reason, the
maintenance of a healthy and efficient intestinal microbiota is
considered one of the fundamental aspects in the management
of skeletal pathologies, both to prevent them and to support
possible drug therapies **1.

Conclusions

In conclusion, in addition to bottled water, known for its
mineral content, drinking water distributed through national
water networks could have a positive impact on bone health.
Achieving optimal intake of the many minerals considered
essential for skeletal health can be difficult, and mineral wa-
ters can significantly contribute to achieving the recommended
dietary levels. It is important to remember, in particular, that
calcium-rich waters can supply from a third to half of the rec-
ommended daily dose of calcium. Especially in certain popu-
lations, such as older people, those who are lactose intolerant,
or who suffer from an eating disorder, mineralized water can
be an excellent mineral supplement. Finally, in addition to pro-
viding essential minerals, water can create the right conditions
to promote maximum absorption of the minerals themselves,
helping to keep the intestinal microbiota efficient.
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