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ABSTRACT

Introduction. Even if boron is not yet recognized as an essential element for the human body, its insufficient intake is
considered harmful, especially for the osteoarticular system. A daily intake of at least 3 mg of boron can fortify bone mass
and prevent the onset of osteoarthritis, rheumatoid arthritis, and osteoporosis. This research aims to assess the morbidity
caused by rheumatoid arthritis and inflammatory polyarthropathies in the population from regions with different boron
concentrations in deep drinking water of the Republic of Moldova.

Material and methods. Two full-length descriptive observational studies were conducted: one on osteoarticular mor-
bidity caused by rheumatoid arthritis and inflammatory polyarthropathies (incidence and prevalence), and one on boron
concentrations in deep drinking water (public wells and artesian wells). Following national regulations, the Republic of
Moldova was divided into three distinct boron-related areas, and in each of them, the boron trend overlapped with the
morbidity trend.

Results. In the below-the-limit boron area, the research hypothesis was confirmed in two out of three districts, by over-
lapping osteoarticular morbidity with boron concentrations in deep drinking water and their trendlines. In the limit-level
boron area, boron concentrations in drinking water do not appear to influence the studied osteoarticular morbidity in
either district. In the above-the-limit boron area, unlike in previous research, trends for boron concentrations in public
wells and artesian wells were opposite to those of the incidence and prevalence of rheumatoid arthritis and inflammatory
polyarthropathies, confirming the research hypothesis.

Conclusions. Out of the three studied areas, the expected phenomenon of low morbidity and high boron concentrations,
and vice versa, was observed in two below-the-limit boron districts and two above-the-limit boron districts. The results
can be expanded upon in further research in the field.
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The research hypothesis

Periods of higher boron consumption through deep drinking water by the population, showing a positive trendline, are ac-
companied by a lower incidence and prevalence of rheumatoid arthritis and inflammatory polyarthropathies, which show a
negative trendline-and vice versa.

The novelty added by the manuscript to the already published scientific literature

The study offers a new perspective on how boron could be addressed in national regulations concerning drinking water and
recommends raising its permissible limit to align with the EU standard for the benefit of the population. The characterization
of regions with different boron concentrations in deep drinking water can be used to estimate the impact of this mineral on

other body systems in future research.

Introduction

Boron is a trace element that has not yet been recognized
as essential for the human body. The World Health Organi-
zation (WHO) highlights that insufficient boron intake can
impair the body’s biological functions, potentially causing
long-term harm [1]. The WHO recommends drinking water
as the primary source of this element and prioritizing natu-
ral springs rich in boron [2].

A minimum intake of 0.4 mg of boron per day can con-
tribute to the strengthening of bone mass, with the regu-
lated boron concentration in drinking water providing the
body with basic essential benefits [2, 3]. Moreover, an ad-
equate boron intake can reduce calcium and magnesium
loss through urine [4, 5], promote osteogenesis [3, 6], de-
crease inflammatory joint processes [7, 8], reduce articu-
lar discomfort, and improve mobility [4, 9]. Osteoarticular
diseases that can be prevented by a boron-rich diet include
osteoarthritis, rheumatoid arthritis, and osteoporosis [10-
12]. Recent research shows positive effects of boron on
bone mass when the daily intake is 3 mg or more [5, 13, 14].

Population studies conducted more than three decades
ago revealed that the incidence of arthritis was negative-
ly associated with boron concentrations in soil and foods.
Thus, in areas where the population’s daily boron intake
was below 1 mg/day, the arthritis incidence ranged from 20
to 70%, while in regions where it was 3-10 mg/day, the in-
cidence of this pathology was between 0 and 10% [4]. Since
those findings, no other population study of comparable
scale has been conducted.

Following the previous national report, in the southern
region of the Republic of Moldova, in Administrative Terri-
torial Unit Gagauzia, drinking water is richest in boron, with
concentrations reaching up to 3 mg/l. These results have
not yet been linked with the population’s health status [15].
Considering the lack of research on boron’s impact on pub-
lic health in our country, and the fact that osteoarticular dis-
eases are the most studied in relation to daily boron intake,
this association was chosen for our study.

Even though European regulations have set a limit of 1,5
mg/L of boron in drinking water and mention that this pa-
rameter can be raised to 2.4 mg/L in boron-rich areas [16],
in our country, the maximum allowable boron concentration
in drinking water is 1 mg/L [17]. Another justification for
this research is to provide arguments for aligning national

regulations on boron concentrations in drinking water with
European standards.

This study aims to assess the morbidity caused by rheu-
matoid arthritis and inflammatory polyarthropathies in
the population from regions with different boron concen-
trations in deep drinking water (public wells and artesian
wells) of the Republic of Moldova.

Material and methods

To achieve the intended purpose, two full-length de-
scriptive observational studies were conducted: one on os-
teoarticular morbidity and one on boron concentrations in
deep drinking water.

The first step involved conducting a full-length descrip-
tive observational study on osteoarticular morbidity (inci-
dence and prevalence) caused by rheumatoid arthritis and
inflammatory polyarthropathies during the period 2016-
2020 (Table 1).

The results were analyzed and presented for the group of
rheumatoid arthritis and inflammatory polyarthropathies
as a whole. According to the International Statistical Classi-
fication of Diseases and Related Health Problems, Eleventh
Revision (ICD-11), the group includes nine diseases, their
codes being included between FA20 and FA27 and FA2Z.

Table 1. A brief description of the first full-length descriptive
observational study on osteoarticular morbidity

Criteria Description

Object of study ~ Adult morbidity due to rheumatoid arthritis and
inflammatory polyarthropathies

Source of
information

Data from the Health Data Management Department
of the National Agency for Public Health

Collection Data processing, calculation of multiannual averages

method

Volume A comprehensive study covering the period 2016-
2020

Place of National Agency for Public Health

performance

During the second step, a full-length descriptive obser-
vational study on boron concentrations in deep drinking
water-from public wells and artesian wells-covering the
2015-2022 period was conducted (Table 2).

The main argument of including water from public wells
into our study was that this water source is frequently used
by the rural population, which according to the National Bu-
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reau of Statistics in 2017 constitutes 57.1% of the country’s
population and is a representative part of this research.

Table 2. A brief description of the second full-length descriptive
observational study on boron concentrations in deep drinking water

Criteria Description

Object of study  Boron concentrations in water from public wells and
artesian wells across the territory of the Republic of
Moldova

Source of Data from territorial Public Health Centers (2015-

information 2020)

Collection Data processing, calculation of annual and

method multiannual averages

Volume A comprehensive study for the period 2015-2020,
with 2,706 samples investigated

Place of National Agency for Public Health

performance

Of the 2706 samples investigated, 480 were public well
water and 2226 were artesian well water. The results were
taken from the registers of territorial public health centers
for the period 2015-2020. All available results from both
sources were analyzed. Most samples were collected during
the late summer-autumn period (August-November) or
during spring (March-April). For artesian well water, for
each locality, at least one sample from each artesian well
has been collected per year, and the majority of them were
analyzed for boron concentrations. For public well water,
samples were collected less often, with an average period-
icity of 1-3 samples analyzed for boron concentrations in 6
years, and not for all researched localities.

Given the national regulations restrict the boron con-
centrations in deep drinking water to 1 mg/L, the territory
of the Republic of Moldova was divided into three distinct
areas:

e Below the limit - boron concentrations between 0

and 0.8 mg/L;

e Limit -boron concentrations between 0.9 and 1.2
mg/L;

e Above the limit - boron concentrations above 1.2
mg/L.

From the available data, the most representative dis-
tricts for each area were selected - for below the limit dis-
tricts - districts with average values close to the lower limit,
for districts in the limit area - average values close to the
limit of 1 mg boron/1 and for above the limit districts - max-
imum average values recorded in the country. Both public
wells and artesian wells values were taken into consider-
ation, but one of the two values for each district was the ba-
sis for the selection.

Following these criteria, selected districts for each bo-
ron-related area are:

e Below the limit area:

- Calarasi: 0.2 mg B/L in public wells;
- Briceni: 0.25 mg B/L in artesian wells;
- Drochia: 0.3 mg B/L in public wells.
e Limit area:
- Cahul: 0.9 mg B/L in artesian wells;
- Vulcanesti: 1.1 mg B/L in artesian wells.

Mold J Health Sci. 2025;12(2):45-52

e Above the limit area:

- Ceadir-Lunga: 1.8 mg B/L in public wells;
- Comrat: 1.43 mg B/L in artesian wells.

In the final stage, boron concentrations in deep drinking
water and adult morbidity due to rheumatoid arthritis and
inflammatory polyarthropathies were graphically overlaid
for each selected district, and trendlines for both boron con-
centrations and osteoarticular morbidity were calculated
using Microsoft Excel 2021.

Statistical data processing: For the prevalence data of
adults with rheumatoid arthritis and inflammatory polyar-
thropathies, the average prevalence for the research period
was calculated. Boron concentration data in deep drinking
water were organized into two separate databases: one for
public wells and another for artesian wells. Average boron
concentrations were calculated separately for each village
and district, including the Administrative Territorial Unit
Gagauzia, on a yearly basis. Subsequently the total average
concentration for the analyzed period was determined for
each district. Microsoft Excel 2021 was used for database
creation and calculations of all averages.

The study protocol was approved by the Research Ethics
Committee of Nicolae Testemitanu State University of Medi-
cine and Pharmacy (Minutes No 1 of 07.09.2020).

Results

The below-the-limit boron in deep drinking water re-
fers to multiannual averages of boron concentration be-
tween 0 and 0.8 mg/L.

In the Calarasi district, in 2020, when the boron con-
centrations in public wells and artesian wells reached their
highest levels during the research period, the prevalence
of rheumatoid arthritis and inflammatory polyarthropa-
thies recorded its lowest values. The upward trend in boron
concentrations in deep drinking water (y = 0.06x + 0.3825
for artesian wells water and y = 0.0442x + 0,0654 for pub-
lic wells water) overlapped with a downward trend in the
prevalence of rheumatoid arthritis and inflammatory poly-
arthropathies among adults during the 2016-2020 period
(y =-1,48x + 35.78) which supports the research hypothesis
(Figure 1).

In Briceni, in 2018, both the prevalence and incidence of
adults with rheumatoid arthritis and inflammatory polyar-
thropathies increased against the background of a decrease
in boron concentrations in water from public and artesian
wells. The trends for boron concentrations in artesian wells
(y =-3.25x + 28.65), as well as for the incidence (y =-0.18x
+3.85) and prevalence (y = -0.055x +0.375) of rheumatoid
arthritis and inflammatory polyarthropathies in adults,
were all decreasing (Figure 2). Although the trendlines for
boron concentrations in deep drinking water and adult mor-
bidity do not support the research hypothesis, the increase
in prevalence and incidence coincides with the decrease in
boron concentrations in artesian wells.

In the Drochia district, in 2020, boron concentrations
in deep drinking water, as well as osteoarticular morbidi-
ty, reached their maximum values for the analyzed period.
Additionally, the trends for boron concentrations in arte-
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Fig. 1 Boron concentrations in deep drinking water (mg/L) and adult morbidity from rheumatoid arthritis and
inflammatory polyarthropathies (per 10,000 inhabitants), Calarasi district, 2016-2020
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Fig. 2 Boron concentrations in deep drinking water (mg/L) and adult morbidity from rheumatoid arthritis and
inflammatory polyarthropathies (per 10,000 inhabitants), Briceni district, 2016-2019
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Fig. 3 Boron concentrations in deep drinking water (mg/L) and adult morbidity from rheumatoid arthritis and
inflammatory polyarthropathies (per 10,000 inhabitants), Drochia district, 2016-2020
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Fig. 5 Boron concentrations in deep drinking water (mg/L) and adult morbidity from rheumatoid arthritis and
inflammatory polyarthropathies (per 10,000 inhabitants), Vulcanesti district, 2017-2020

sian well water (y = 0.0071x + 0.5143) and prevalence from
rheumatoid arthritis and inflammatory polyarthropathies
(y = 3.14x + 13.38) were both positive (Figure 3). Neither
the trendlines for boron concentrations in deep drinking
water and osteoarticular morbidity nor of the year-by-year
overlap between boron concentrations and incidence/prev-
alence support the research hypothesis.

Limit-boron in the deep drinking water area (mul-
tiannual averages of boron in deep drinking water be-
tween 0.9 and 1.2 mg/L)

In the Cahul district, in 2016, when the boron con-
centration in water from public wells and artesian wells
reached its highest levels, the prevalence of adults with
rheumatoid arthritis and inflammatory polyarthropathies
also reached a maximum, while the incidence was at its
lowest for the 2016-2020 period. Trendlines for boron
concentrations in deep drinking water (y = -3E-16x + 0.86
for boron concentrations in artesian wells) and osteoar-
ticular morbidity (-0.14x + 11.76 for the prevalence and y
= -0.12x +3.3 for the incidence) were both negative (Fig-
ure 4). The overlap of high boron concentrations in public
and artesian wells with the incidence values matches the

research hypothesis, while the trendlines for boron and
morbidity do not.

In the second district with limited boron concentration
in deep drinking water, Vulcanesti, during the years with the
highest boron concentrations in public well water (2017-
2018), both the prevalence and the incidence of adults with
osteoarticular pathologies were at their highest. Additional-
ly, the trends for boron concentrations in artesian wells (y =
-0.18x +1.55) and morbidity values (y=-1.63x +18.6 for the
prevalence and y = -0.45x +2 for the incidence) were neg-
ative (Figure 5). The overlapping of boron concentrations
in artesian wells and annual osteoarticular morbidity, as
indicated by the trendlines equations, is opposite to the re-
search hypothesis.

Above-the-limit boron in deep drinking water area
(multiannual averages of boron in deep drinking water
above 1.2 mg/L)

Boron concentrations in deep drinking water and mor-
bidity indicators in the Ceadir-Lunga district show that
prevalence values for rheumatoid arthritis and inflamma-
tory polyarthropathies increased during the period when
boron concentration in deep waters was decreasing (2018-
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Fig. 6 Boron concentrations in deep drinking water (mg/L) and adult morbidity from rheumatoid arthritis and
inflammatory polyarthropathies (per 10,000 inhabitants), Ceadir-Lunga district, 2016-2020
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Fig. 7 Boron concentrations in deep drinking water (mg/L) and adult morbidity from rheumatoid arthritis and
inflammatory polyarthropathies (per 10,000 inhabitants), Comrat district, 2017-2020

2019). Trends in boron concentrations were negative (y =
-0.19x + 2.36 for public wells water and y = -0.31x + 2.61
for artesian wells water), while prevalence of rheumatoid
arthritis and inflammatory polyarthropathies showed posi-
tive trends (y = 0.02x +35.96) (Figure 6).

In the second selected above-the-limit district, Comrat,
increasing boron concentrations in artesian wells water
trendline (y = 0.025x + 1.375) coincided with decreasing
trends in osteoarticular morbidity (y=-3.76x + 48.7 for the
prevalence and y =-1.05x + 6.7 for the incidence) (Figure 7).
Although osteoarticular morbidity remains high during pe-
riods of elevated boron concentrations in artesian wells, the
opposing trendlines for incidence and prevalence compared
to boron concentrations support the research hypothesis.

Discussion

During this research, we compared the annual averages
of boron concentrations in deep drinking water (from public
and artesian wells) with annual averages of incidence and

prevalence of rheumatoid arthritis and inflammatory poly-
arthropathies in selected districts from each boron-related
area, using periods when all relevant data were available.
Additionally, we calculated trends for all four indicators -
boron concentrations in public well water and artesian
wells water, and incidence and prevalence of rheumatoid
arthritis and inflammatory polyarthropathies. The aim of
this study was to assess whether boron concentrations in
deep drinking water can influence osteoarticular morbidity
in specific regions, based on existing literature [2-14].

In the below-the-limit boron area of deep drinking wa-
ter, the Calarasi district showed fluctuations in boron con-
centrations from public and artesian wells that correspond-
ed with the prevalence of adults with rheumatoid arthritis
and inflammatory polyarthropathies, consistent with the
research hypothesis. This is further supported by the in-
creasing boron and decreasing morbidity trends. Similarly,
in the Briceni district, the hypothesis is confirmed by the
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overlap of boron concentrations in deep drinking water and
the osteoarticular morbidity indicators in adults, along with
matching trends across the four indicators. However, in the
Drochia district, the research hypothesis was not confirmed.

In the limit-boron area of deep drinking water, the re-
search hypothesis was only partially confirmed in the Cahul
district, and only by the incidence of the studied diseases in
a single year of the study period; however, the overall trend-
lines did not align with the hypothesis. In Vulcanesti, nei-
ther the boron concentrations in deep drinking water nor
the morbidity of adults with the studied osteoarticular pa-
thologies corresponded with the research hypothesis, and
the trendlines for the three indicators also failed to match it.

In the above-the-limit boron area of deep drinking wa-
ter, the research hypothesis was largely confirmed in the
Ceadir-Lunga and Comrat districts, where the boron con-
centrations and their trendlines overlapped with the annu-
al averages and trendlines of morbidity, demonstrating the
expected relationship.

The described results complement previously pub-
lished findings, which showed that in the above-the-limit
boron area of deep drinking water in the southern region
of the Republic of Moldova, the multiannual averages of
rheumatoid arthritis and inflammatory polyarthropathies
prevalence were the highest in the country [18]. However,
analyzing annual averages instead of multiannual ones, and
calculating trends for both boron concentrations and osteo-
articular morbidity, revealed mixed results and provided a
different perspective on the boron-rich areas.

The limitations of this research include incomplete data
on boron concentrations in deep drinking water, particular-
ly for public wells, which were not available for every year.
Additionally, morbidity data were only available up to 2020,
resulting in differences in the analyzed periods between dis-
tricts. Furthermore, it was not possible to separate rheuma-
toid arthritis from other inflammatory polyarthropathies,
as the Health Data Management Department provided com-
bined data. Consequently, some results may be influenced
by the inclusion of various inflammatory pathologies in the
statistics. For the same reason, studying the association
with osteoarthritis was not feasible, as it was grouped with
other chondropathies.

Taking these aspects into consideration, we believe that
future investigations focusing specifically on the association
between boron concentrations in deep drinking water and
the separate conditions of rheumatoid arthritis and osteo-
arthritis could be a valuable direction.

Conclusions

The overlap of trends in boron concentrations in deep
drinking water and trends in adult morbidity from rheu-
matoid arthritis and inflammatory polyarthropathies con-
firmed the research hypothesis in the above-the-limit boron
area (Ceadir-Lunga and Comrat districts) and partially in
the below-the-limit boron area (Calarasi and Briceni dis-
tricts). These results provide a foundation for future re-
search on the impact of boron on public health.
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