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Abstract

The objective of the present study was to assess essential trace element and mineral levels in serum, hair, and urine
of healthy first-year students from Turkmenistan (n = 73) in comparison to students from Iran (n = 78) or Russia (n =
95). Materials and methods. Examination of foreign studentswas performed within two daysafterarrival to Russia
during medical examination prior admission to RUDN University. Serum, hair, and urine trace element and mineral
levels were assessed with inductively coupled plasma-mass spectrometry (ICP-MS). Results. The data demonstrate
thatthe levels of trace elementsand minerals in students from Turkmenistan share high similarity to elementalprofiles
of students from Iran. In comparison to students from Russia, subjects originating from Iran and Turkmenistan are
characterized by lower serum cobalt (Co), chromium (Cr), copper (Cu), manganese (Mn), molybdenum (Mo),
selenium (Se), vanadium (V), zinc (Zn) levels, higher urinary Cr, Cu, Fe, Mn, V, and Zn, lower urinary Co and hair
Mo, Se, and Zn content. Concomitantly, students from Turkmenistan were characterized by lower urinary Cr and Cu,
serum Cu and V levels, higher circulating Zn concentration, aswell asthe lower hairCr, Cu, iodine (I) and magnesium
(Mg) contentin comparison to Iranian subjects. The discriminant analysis demonstrated that hair,serum, and urinary
trace elementand minerallevels contributed to complete discrimination between the groups of students from different
countries. Conclusions. The high similarity of trace element and mineral status of students from Turkmenistan and
Iranis expected to be mediated by similar geochemicalconditions in the bordering countries.
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Introduction

Essential trace elements and minerals play a significant role in human health due to their involvement in functioning
of various organs and systems. Therefore, deficiency in trace elements and minerals is associated with development
of various diseases. Specifically, Zn deficiency is associated with cardiovascular and endocrine diseases, immune
deficiency, neurodegeneration, and neuropsychiatric diseases [1]. Due to the role of | as a constituent of thyroid
hormones, its deficiency is associated with hypothyroidism and goiter [2]. In addition to endemic Keshan and Kashin-
Beck diseases, Se deficiency was shown to be associated with cancerand cardiovascular pathology [3]. Moreover, Se
deficiency was shown to affect thyroid function [4]. Both deficiency and overload of other metals including Fe and
Cu [5-8], Co [9, 10], trivalent Cr and V [11], Ca and Mg [12, 13], Mn and Mo [14, 15] are associated with a variety
of metabolic, cardiovascular, skeletal, and neurological disorders.

The prevalence of trace element and mineral deficiencies is characterized by significant regional differences.
Specifically, Zn deficiency [16] and Fe-deficiency anemia [17] were shown to affect up to 17.3% and 24.3% of the
world’s population with the highest rates reaching 30% and more than 40% in South Asia and Sub-Saharan Africa,
respectively. Se deficiency affectsupto 1 billion people worldwide with a high rate of suboptimal Se intake in China,
the Middle East, and Europe [3]. Moreover, it is expected that recent climate changes may result in a furtherdecrease
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in soil Se levels thus aggravating Se deficiency [18]. Regional differences in trace element and mineral status in
populations are mediated by multiple environmental factors including environmental pollution rates, dietary and
lifestyle patterns[19], aswell asgeochemistry [20]. Specifically, geochemicalprovinces endemic for | [21] or Se [22]
deficiency have been estimated. Therefore, assessment of trace element status of different populations as
recommended by the World Health Organization [23] has been widely used to reveal the subjects at high risk of
overexposure or deficiency [24-26].

Turkmenistan is a country in Central Asia bordered by Kazakhstan, Uzbekistan, Afghanistan, Iran, as well as the
Caspian Sea. Despite certain reports on the high prevalence of nutritional deficiency in Turkmenistan [27], the
available dataon essentialtrace elementand minerallevelsin Turkmenistan inhabitantsare scarce. It hasbeen reported
that the Turkmenistan government made significant efforts for improvement of | [28] and Fe [29] intake of the
population. However, recent data on Fe, I, aswell asother essential trace elementsand minerals in Turkmenistan are
lacking. The existing indications of high risk of trace element undernutrition in the whole region of Central Asia [30]
aswell as bordering Iran [31] allow to hypothesize suboptimalbody burden of essential trace elements and minerals
in the population of Turkmenistan.

Therefore, the objective of the present study was to assess essential trace element and mineral levels in serum, hair,
and urine of healthy first-year students of the RUDN University who arrived from Turkmenistan in comparison to
students originating from Iran or Russia.

Materials and methods

The protocol of the study was approved by the Local Ethics Committee of the RUDN University (Moscow, Russia).
All procedures performed were in agreement with the principles set in the Declaration of Helsinki and its later
amendments (2013). All examineeswere invited to participate and took partin the present study on a voluntary basis
following the principle of informed consent. The present study was performed in the Medical Center of the RUDN
University during the admission campaign of 2022-2023 (Peoples’ Friendship University of Russia).

Study design

A total of 246 first-year male and female (1:1) students aged 18-30 years old (y.0.) originating from Ashgabat,
Turkmenistan (n = 73,20.4%2.0 y.0.), Tehran, Iran (n = 78, 22.3%£3.9), and Moscow, Russia (n = 95,21.4+2.8 y.0.)
were enrolled in the present study. Examination of foreign students was performed within two days after arrival to
Russia during medicalexamination prioradmission to RUDN University. Hence,the examined foreign students were
not affected by significant alterationsin trace element and mineral statusthat could be caused by changes in dietary
patternsdue to long-term residence in Russia. Moreover, all examined students underwent medical examination and
were healthy thusavoidingthe potentialimpact of chronic diseases on trace element and mineral metabolism. Finally,
the examined students did not experience prior occupational exposure to metals or other toxic substances, and thus
may represent a sample of occupationally unexposed youngadults from Turkmenistan, Iran,and Russia. In addition,
smoking, specific dietary patterns (vegetarian), the use of hair dyes and trace element and/or mineral-enriched
shampoos and other haircare products, and the presence of metallic implants including dental amalgams, were
considered as exclusion criteria.

Sampling and preanalytical treatment

Hair sampling was performed by a nurse using ethanol-precleaned stainless-steel scissors afterwashing the hair with
shampoos routinely used by examinees. A total of 0.05-0.1 g of the proximal parts (1-2 cm) of occipital scalp hair
strandswas collected and stored in paperenvelopes until analysis.

Venous blood samples were collected in a fasting state from the cubital vein in the sitting position using 9-ml
Vacuette® tubes (Greiner Bio-One International AG, Austria) with subsequent centrifugation at 1600 g for 10 min
for separation of blood serum.

The second portion of urine was collected by the examineesin the morning afterfasting overnight using Vacuette®
Urine Collection Cups and subsequently used for analysis. The obtained serum and urine samples were transferred
and stored in Eppendorftubesatthe temperature of =80 °C until analysis.

Prior to analysis, hair, serum, and urine sampleswere subjected to preanalyticaltreatment. Briefly, hair samples were
washed with acetone, rinsed three times with distilled deionized water (18.2 MQ - c¢cm), and dried on air at room
temperature to a stable weight. The washed hair samples were introduced into Teflon tubes for microwave -assisted
acidic digestion in concentrated (65%) nitric acid (Sigma-Aldrich Co., USA) in TopWave (Analytik Jena, Germany)
system for 20 min (170 - 180°C). After cooling the system to a room temperature, the obtained digests were adjusted
to a final volume of 15 ml with distilled deionized water.

Serum and urine samples were defrosted at room temperature and subsequently diluted (1:15 v/v) with a diluent
containing 1% 1-Butanol (Merck KGaA, Germany), 0.1% Triton X-100 (Sigma-Aldrich, Co., USA), and 0.07%
HNO3 (Sigma-Aldrich, Co., USA) in distilled deionized water.



Analytical proceduresand quality control

Analysis of serum, hair, and urine levels of essentialtrace elements (Co, Cr, Cu, Fe, I, Mn, Mo, Se, V, Zn) and minerals
(Ca, Mg) was performed using inductively-coupled plasma mass-spectrometry with Agilent 7700x (Agilent
Technologies, Tokyo, Japan) (Table 1). The limits of detection (LOD) and quantification (LOQ), as well as the
background equivalent concentrations (BEC) for the analyzed elementsare provided in Table S1. System calibration
was performed using commercial calibrators RECIPE ClinCal Plasma Calibrator REF 9985 LOT 1177 and RECIPE
ClinCal Urine Calibrator REF 9988 LOT 1489 (RECIPE Chemicals+ Instruments GmbH, Germany). Internalonline
standardization was performed using 10 mg/L Indium prepared from Agilent 8500-6946 - Indium Internal Standard
Stock Solution.

The certified reference materials of human hair (GBW09101, Shanghai Institute of Nuclear Research, China), human
plasma (ClinChek® Plasma Control, Levels I, 11, Lot 1286, RECIPE Chemicals + Instruments GmbH, Germany), and
urine (ClinChek® Urine Control, Levels I, Il, Lot 1227, RECIPE Chemicals + Instruments GmbH, Germany) were
used for laboratory quality control. All estimates were within the certified range specified by the manufacturer, and
the recovery rates for analysis of the certified reference materials of hair, serum, and urine varied in therange of 87 -
111%, 90-109%, and 88-113%, respectively.

The obtained data were also compared to the internationally estimated reference values of hair, plasma, and urinary
trace element content in the same cohort of examinees published by Goulle et al. (2005) [32]. The reference values
for missing elementswere obtained from otherstudies [33-35].

Statistical analysis

The obtained data were processed with Statistica 10.0 software (StatSoft, Tulsa, OK, USA). Data distribution was
assessed using Shapiro-Wilk test. In view of skewed distribution, median and the respective interquartile range
boundarieswere used as descriptive statistics. In order to evaluate the contribution of the country of origin, sex, and
age into variability of trace element and mineral levels analysis of covariance (ANCOVA) was performed afterlog -
transformation of the raw data. Group comparisons were performed using ANCOVA with Bonferroni post-hoc test.
Discriminant analysiswas performed in order to assess significant discrimination between the study groups based on
urine (Model 1), serum (Model 2), hair (Model 3), and all samples (Model 4) trace element and mineral content with
evaluation of significance of the distance between group centroids, as well as assessment of the key elements
contributing to group discrimination. All tests were considered significant at p < 0.05

Results

Our results demonstrate that serum essential trace element levels in students from Turkmenistan and Iran are nearly
similar, being highly different from those in Russian subjects (Table 2). Specifically, serum Co, Cu, Mn, Mo, Se, and
Zn concentrations in examinees from Turkmenistan and Iran were significantly lower in comparison to the Russian
studentsby 12% (p < 0.001) and 11% (p < 0.001), 19% (p < 0.001) and 12% (p = 0.003), 19% (p = 0.001) and 22%
(p <0.001), 40% (p <0.001) and 39% (p < 0.001), 3% (p = 0.005)and 9% (p < 0.001), and 11% (p < 0.001)and 17%
(p < 0.001), respectively. Moreover, serum V level was more than 4.75-fold and 4.5-fold higher than in students from
Turkmenistan and Iran, respectively (p < 0.001). Serum Cr levels in subjects from Turkmenistan were significantly
lower thanthose from Russia by 17% (p = 0.046). Concomitantly, students from Iran were characterized by 16% (p
=0.043) lower serum concentrationsof Zn in comparison from Turkmenian examinees.

The results of analysis of covariance demonstrated that the country of origin had a significant impact on the observed
group differences in serum Co, Cu, Mn, Mo, Se, V, and Zn, and to a lesser extent Fe (Table 3). In parallel with the
country of origin, sex and age of the examineesalso had a significant influence on serum trace element and mineral
concentrations. Specifically, the age of the examinees had a significant impact on serum Cu and Fe levels. In turn,
serum levels of all studied elements with the exception of I, Mn, and V were affected by sex of the examined students.
In general, the data on urinary trace element levels also corroborate the similarity between examinees from
Turkmenistan and Iran, although in contrast to serum levels of most of the studied elements in urine exceeded the
respective values in Russian students (Table 4). Specifically, urinary Mn levels in students from Turkmenistan and
Iran exceeded the respective values in examinees from Russia by 54% (p < 0.001) and 55% (p < 0.001), respectively.
At the same time, urinary Cu and Fe concentrations in Turkmenian and Iranian examinees were more than 2 -fold
higher than in domestic students (all p < 0.001). Urinary V excretion in foreign students exceeded that in Russian
examinees by a factor of more than six (p < 0.001). At the same time, urinary Cr levels in students from Iran were
48% (p <0.001) and 22% (p = 0.048) higher than in examinees from Russia and Turkmenistan, respectively. The level
of Znin urine of studentsfrom Iran wasnearly signifciatnly higher than thatin Russian examinees by 59% (p =0.068),
whereas the difference between subjects from Russia and Turkmenistan was not significant due to high variability of
the studied parameter.



Analysis of covariance (Table 5) generally confirmed the results of group comparisons, demonstratingthe key role of
the region of habitation, butnot age or sex of examinees, in the observed differences in urinary levels of Cr, Cu, Fe,
Mn, Mo, Se, and V. In turn, urinary Co and Zn concentrations were mainly affected by variability in sex of the
examinees. Age had a border-significant effect on urinary Co concentration.

Hair trace element levels in studentswere found to be more heterogeneous (Table 6). Analogous to serum and urine,
hair Zn levels in students from Turkmenistan and Iran were 13% (p = 0.016) and 16% (p = 0.002) lower than the
respective valuesin Russian students. At the sametime, hair Cr, Cu, and I content wasminimalin students originating
from Turkmenistan, being lower than the respective valuesin Russian and Iranian examineesby 37% (p = 0.017) and
48% (p < 0.001),37% (p <0.001) and 34% (p = 0.057),57% (p =0.025) and 53% (p = 0.004), respectively. Inturn,
hair V content was the lowest in Russian examinees, being 19% lower than thatin studentsfrom Iran (p = 0.012).

In agreement with the results of group comparisons, ANCOVA demonstrated a significant impact of the country of
origin on hair Cr, Cu, I, Mg, Mn, Se, V, and Zn content (Table 7). At the same time, variability in hair Co, Cu, Fe,
Mn, Se, and V content was also significantly affected by sex of the examinees. In addition, hair Cu levels were
associated with variability of age in the studied cohort.

Mineral levels were also characterized by significant group differences. Serum Ca concentration in examinees from
Iran, but not Turkmenistan, was significantly lower than in Russian students by 3% (p = 0.045). No significant group
difference in serum Mg concentration was revealed between the countries (Table 2). At the same time, ANCOVA
revealed a significant impact of age and sex on serum Ca and Mglevels (Table 3). Urinary Ca concentration in Iranian
studentswas nearly significantly higher than in Russian examinees by 69% (p = 0.088) (Table 4). No significant group
difference in urinary Mg levels was observed. ANCOVA did notreveal any significant impact of sex, age, or country
of origin onurinary minerallevels (Table 5). Significant group differenceswere revealed in hairmineral levels (Table
6). Hair Ca levels in students originating from Turkmenistan were lower than the respective values in Russian and
Iranian examinees by 56% (p <0.001) and 70% (p < 0.001), respectively. The highest hair Mg level was observed in
Iranian subjects, exceeding that in students from Russia and Turkmenistan by 36% (p =0.025) and 63% (p =0.002),

respectively. Inagreementwith the results of group comparisons, ANCOVA demonstrated a significantimpact of the
country of origin aswell as sex on hair Caand Mg content (Table 7).

Canonical discriminant analysis was further applied to evaluate the differences between the groups as well as
contribution of the particular trace elements and minerals into these differences. Model 1 (Figure 1A) incorporating
the valuesof urine trace element and mineral levels significantly discriminated Russian students from those originating
from Turkmenistan (MD? = 8.58; p < 0.001) and Iran (MD? = 10.81; p <0.001), while no discrimination between the
latter were observed (MD? = 0.55; p = 0.080). Variability of urinary Cr (p = 0.007), Cu (p < 0.001), Fe (p = 0.020), |
(p = 0.016), V (p < 0.001), and Zn (p = 0.013) levels contributed significantly to the model. Model 2 (Figure 1B)
incorporated the values of serum trace elementand mineral levels with the concentrationsof Co (p =0.022), Mn (p =
0.029), Mo (p = 0.008), V (p < 0.001), and Zn (p = 0.016) being considered significant predictors of group
discrimination. In model 3 (Figure 1C) incorporating data on hairelemental content the values of Ca (p <0.001), Co
(p <0.001), Cr (p = 0.039), Cu (p = 0.009), Mg (p < 0.001), Mn (p < 0.001), V (p = 0.012), and Zn (p = 0.010)
contributed significantly to group discrimination. Although the distance between the centroids of the groups of Russian
studentsand examinees from Turkmenistan (MD2=4.43; p< 0.001 and MD? =3.12; p <0.001) or Iran (MD? = 4.49;
p <0.001and MD?= 1.54; p < 0.001) was considered significant in models 2 and 3, these models did not discriminate
the students from Iran and Turkmenistan yielding short yet significant distances between group centroids (MD? =
0.76; p =0.009 and MD? = 3.68; p < 0.001). The overall model (Model 4, Figure 1D) incorporating the levels of the
studied elementsin serum, urine, and hairresulted in the best discrimination between the study groups with the highest
distances between the groups of examinees from Russia and Turkmenistan (MD? =21.91; p <0.001) or Iran (MD? =
25.09; p < 0.001), as well as between the groups of students from Iran and Turkmenistan (MD2 = 6.41; p < 0.001).
Discriminant function analysisrevealed a significant contribution of urinary Cu (p <0.001) and V (p <0.001), serum
Ca(p =0.002),Cr (p=0.003), Cu (p =0.033), Mn (p < 0.001), V (p <0.001),and Zn (p < 0.001), aswell as hair Ca
(p <0.001),Co (p <0.001), Mg (p < 0.001),and Mn (p < 0.001) levels into the model.

Discussion

Our data demonstrate that levels of trace elements and minerals in students from Turkmenistan share high similarity
to elemental profiles in students from Iran. Specifically, in comparison to studentsfrom Russia, subjectsoriginating
from Iranand Turkmenistan were characterized by lower serum Co, Cr, Cu, Mn, Mo, Se, V, Zn levels, higher urinary
Cr, Cu, Fe, Mn, V, and Zn concentrationsin parallel with increased level of Co in urine, as well aslower hair Mo, Se,
and Zn content. At the same time, certain specific patterns were also revealed for students from Turkmenistan
including lower urinary Cr and Cu, serum Cu and V levels, higher circulating Zn concentration,aswell as lower hair
Cr, Cu, l'and Mg content in comparison to Iranian subjects. Discriminant analysis also confirmed the significance of
differencesin essential trace elementand mineral profiles in students from Russia, Turkmenistan,and Iran. Generally,
higher risk of Zn, Se, and Mn insufficiency is more characteristic for students from Iran, while examinees from



Turkmenistan tend to have significantly lower body burden of Cu. Increased urinary concentrations of the studied
elements may be indicative of increased excretion that hypothetically may aggravate the risk of trace element
deficiency. At the sametime, lower discrimination of the groups based on hairtrace element and mineral content may
be associated with the role of hairasa long-term biomarkerof element status, while blood and urine are indicative of
the current levels of trace elements and mineralsin the organism [36].

All foreign students were characterized by lower Cu body burden, while higher risk of Cu deficiency was characteristic
for subjects from Turkmenistan. Although the worldwide prevalence of Cu deficiency has significantly diminished, it
is still observed in sub-Saharan Africa and South Asia [37]. The prevalence of Cu deficiency in South Iran was
estimated as 24%, being more prevalentin males than females[38]. Another study in the Greater Khorasan province
of Iranrevealed lower serum Cu levels of 14.7 umol/1 (0.933 pg/ml) [39], corresponding to the present observations.
Cu deficiency was also frequently observed in Iranian adolescent girls reaching 21.1% [40]. Systematic data on Cu
nutritionalintake in Turkmenistan are lacking. Yet, hair Cu levels in schoolchildren from Turkmenistan were reported
to be significantly lower compared to those from Russia [41]. A significant reduction in hair Cu was also revealed in
a closely located western Kazakhstan, especially in subjects living nearthe Caspian Sea coast in proximity to oil and
gas fields [42], also supporting the hypothesis of high risk of Cu deficiency in the region.

Zn status was shown to be low in students both from Turkmenistan and Iran, being more profound in the latter. Zn
deficiency hasbeen originally described by Prof. Ananda Prasad in Iran [43]. Up to 50% of Iranian soilsare considered
Zn-deficient due to high prevalence of calcareoussoils, high bicarbonate intake,and the use of phosphatic fertilizers
[44]. In addition to low soil Zn content, wheat flour produced in Iran,as well as various breads, except Baggett and
Roghani, are characterized by high phytic acid to Zn molar ratio and thus low Zn bioavailability [45]. Frequent
consumption of flat breads with high phytate-to-Zn ratio may contribute to suboptimalZn status, while consumption
of composite dishes maintains moderate Zn absorption [46]. At the sametime, Zn bioavailability from breads varies
significantly between the provinces and particular cultivars due to variations in phytic acid concentrations [47]. In
agreementwith the indications of low soil Zn contentand reduced Zn bioavailability, approximately 25% of Iranian
households were considered Zn-deficient [48]. Correspondingly, Ghasemiet al. (2012) demonstrated that 10.3 % of
the adult Iranian population are characterized by low dietary Zn intake [49]. The results of the Second National
Integrated Micronutrient Survey in Iran indicated that the prevalence of Zn deficiency in Iran varies from 11.4% in
adolescentsto 19.1% in toddlers, whereas in pregnant women the prevalence of Zn deficiency may achieve 28% [35].
In addition, examination of randomly-selected healthy subjects from Shiraz, Iran demonstrated that 42.5% of all
examinees were characterized by serum Zn concentration lower than 100 pg/dl [50]. Finally, the results of the most
recent meta-analysis demonstrate that the prevalence of Zn deficiency in the Iranian population may account for 16%
[51]. Although Zn serum levels were foundto be low in students from Turkmenistan in the present study, it appears
the first report of high risk of Zn deficiency in this country. Finally, an earlier study demonstratingpoorZn contentin
subdesert soils of Turkmenistan [52] is in agreement with our observations.

Hairand serum Se levels in students from Iran and Turkmenistan were lower in comparison to examinees from Russia.
The present findings corroborate earlier studies reporting low Se contentin Iranian soil and water, especially in
northern provinces [53], although the level of the latter in edible crops was sufficient [54]. It hasbeen demonstrated
thatmore than 50% of healthy women from Tabriz (Iran) have a borderline-deficiency in Se levels with values <80
ug/L [55]. However, a study in Tehran revealed significantly higher levels that correspond to adequate Se supply [56].
Itis proposed thatinsufficient Se statusdue to its limited content in soils and crops may increase susceptibility to Se-
deficiency-associated diseases [57]. It has been proposed that a trend for higher Se levels in biosamples in subjects
from Turkmenistan ascompared to Iranian examinees may be related to high Se levels in water from the Syrdarya and
Amudarya rivers [58].

Markersof Co, Cr, V, and Mn status were also found to be lower in students from Iran and Turkmenistanas com pared
to Russian examinees. A previousstudy in the Shahrekord district, Iran, demonstrated lowsoil Co content that resulted
in suboptimal Co status in sheep [59]. Although populationaldata are unavailable, it hasbeen demonstrated that Co
deficiency is widespread in goitrous children from Iran and thus may be considered a potential contributing factorto
goiter development [60]. Lower levels of Co in the studied samples may be also associated with insufficient intake of
Co-containing vitamin B1,. Specifically, low serum By> levels were observed in more than 50% of healthy Iranian
adults from the Azar cohort study [61]. The observed difference in Cr and V between students from Russia and
Turkmenistan generally correspond to the earlier observed nearly twofold higher hair Cr and V content in Russian
children in comparison to those from Turkmenistan [41]. Despite the lack of data on populational levels of Cr in Iran,
deficiency of essential trivalent Cr was also frequently observed in association with increased risk of type 2 diabetes
mellitus [62]. It hasbeen also demonstratedthat Crcontent in Iranian rice is nearly twofold lower than thatin imported
rice [63].

A trend to lower Ca supply was observed in Iranian students, being in agreement with the earlier findings
demonstrating high prevalence of inadequate Ca intake reachingup to 91.6% [64]. Insufficient Ca intake is expected
to be mediated by low Ca contentin diets [65].



The observed lack of significant differencesin iodine status between the studied groups of students supports the earlier
reported high efficiency of national salt iodization programs in Iran [66] and Turkmenistan [67] that significantly
reduced the prevalence of iodine deficiency. It has been demonstrated that optimalioduria of 188 pg/l was achieved
in Turkmenistan due to universal salt iodization strategy [68]. Correspondingly, hair I contentin schoolchildren from
Turkmenistan did not differ significantly from the respective values in Russia [41].

Despite previous indications of high incidence of Fe deficiency and anemia in Central Asia [69], no significant
differences in serum and hair Fe levels in studentsfrom Iran, Turkmenistan,and Russia were observed. The lack of
differences may be indicative of successful reduction of the prevalence of Fe deficiency due to supplementation
strategies [33; 70]. Moreover, the prevalence of Fe deficiency anemia in Iran was shown to vary significantly between
the provinces [71]. Noteworthy, although being ratherhigh, the prevalence of anemia in Turkmenistan was lower than
thatin other countries of Central Asia [72].

High similarity of trace elementand mineralstatus of studentsfrom Turkmenistan and Iran isexpected to be mediated
by similar geochemical conditions including high prevalence of arid soils [73]. In turn, soil composition in Russia,
even in regions located on the Caspian Sea coast, is significantly different from that in Iran [74]. In addition to
differencesin soil characteristics and subsequent variations in chemical content of the localfoodstuffs, dietary pattems
may also contribute to different intake of chemicalelements in studentsfrom Russia, Iran and Turkmenistan.

At the sametime, the present study has certain limitations. First, larger cohort size including subjects of variousage
and sex would be beneficial to address the differences in populational trace element status. Second, assessment of
dietary trace element intake would provide additional information about the contribution of dietary intake into the
observed differences. Moreover, evaluation of trace element and mineral content in the local foodstuffsand drinking
waterwould provide beneficial information of geochemical factors contributingto differencesin dietary trace element
intake.

Conclusions

Taken together, the results of our study provide the first insight into trace elementand mineral status of young adults
from Turkmenistan. It is demonstrated that trace element and mineral accumulation patterns in students from
Turkmenistan and Iran share high similarity hypothetically due to living in the same geochemical province. In
comparison to students from Russia, examinees from Iran and Turkmenistan are characterized by lower body burden
Co, Cr, Cu, Mn, Mo, Se, V, and Zn levels asassessed by serum and hair, while urinary trace element excretion was
found to be higher. At the same time, students from Turkmenistan are characterized by lower levels of Cu in hair,
serum, and urine when compared to Iranian examinees, while poorer Zn, Se, and Mn status is observed in students
from Iran than in those from Turkmenistan. Given the role of trace element deficiency in development of various
diseases, the observed differences in trace element status in young adults from Turkmenistan, Iran and Russia may
contribute to distinct patterns of morbidity. However, furtherstudies are required to evaluate the association between
geographic patternsof trace element statusand health outcomes.
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Figure 1. Discriminant analysis score plot of students from Russia (blue), Turkmenistan (red), and Iran (green)
based on the patterns of trace element and minerallevels in urine (A), serum (B), hair (C), orall studied samples (D)
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Table 1. The parametersof ICP-MS system used for serum, urine, and hairtrace elementand mineral analysis

Plasma power 1550 W
Plasma argon flow 15 L/min
Aux argon flow 0.8 L/min
Nebulizer argon flow 1.09 L/min

Sample introduction system

MicroMist G3266-65003 nebulizer and Scott double-
passquartz spray chamber G3280-80008 (Agilent
Technologies Inc., Santa Clara, CA 95051 United

States)
Sampler and skimmercone material Nickel
Injector Glass Expansion Quartz 1.0 mm 1.D. G3280-80001
Sample flow 663 uL/min
Internal Standard flow 58 uL/min

Dwell time and acquisition mode

10-100 ms and peak hoppingfor all analytes

Sweeps per reading

1

Reading per replicate

10

Replicate number

3

Table 2. Circulating serum essential trace elementand mineral concentrationsin first-year studentsfrom Iranand
Turkmenistan as compared to Russian students

Reference values

Element Russia Turkmenistan Iran

Ca,pg/ml | 102.473(95.797 - 109.71) | 101.514(94.936 - 105.197) | 99.216(93.793 - 103.730) | 84 - 102 [33]
Co,ng/ml | 0.528(0.487 - 0.672) 0.463(0.381 - 0.544) 1 0.419(0.349 - 0.479) 0.30-1.02 ¥2
Cr,ng/ml | 1.414(1.059 - 2.332) 1.166(0.998 - 1.307) ¢ 1.203 (1.054 - 1.342) -

Cu, ug/ml | 0.993(0.86 - 1.122) 0.805(0.72 - 0.962) * 0.870(0.779 - 0.992) ! 0.794-2.023 2
Fe, ug/ml | 1.502(1.191 - 1.837) 1.511(1.084 - 1.862) 1.510(1.064 - 2.067) 0.4-1583

I, ug/ml 0.060 (0.053 - 0.065) 0.053 (0.043 - 0.068) 0.057 (0.048 - 0.07) 36 -79 34
Mg, pug/ml | 22,154 (21.079- 23.183) | 22.05(20.578 - 23.149) 21.857 (20.435 - 23.039) 15.8-255 33
Mn, ng/ml | 2.127 (1.875 - 2.831) 1.712(1.545 - 1.953) ¢ 1.662 (1.456 - 1.909) ! 0.63-2.26 1¥%]
Mo, ng/ml | 1.081(0.919 - 1.245) 0.653(0.536 - 0.799) . 0.660 (0.509 - 0.832) -

Se, pg/ml | 0.100 (0.093 - 0.118) 0.097 (0.081 - 0.105) 1 0.091(0.08 - 0.1) 1 79 -141 B2
V,ng/ml | 5.939(4.321 - 7.89) 1.249(1.091 - 1.374) 1.326(1.17 - 1.455) 1 -

Zn, pg/ml | 0.953(0.871 - 1.052) 0.850 (0.791 - 0.945) 1 0.799 (0.726 - 0.907) 12 551 - 925 [32]

Data expressed as median and the respective interquartile range (IQR) boundaries; 12 — significant group difference in
comparison to values in students from Russia and Turkmenistan at p <0.05, respectively




Table 3. The influence of sex, age, and the country of origin on serum trace element and minerallevels in first-year

students

Element Sex Age Region
Ca 0.004 * 0.032* 0.466
Co <0.001* 0.218 <0.001*
Cr 0.010* 0.756 0.128
Cu <0.001* 0.025* 0.003*
Fe <0.001* 0.001* 0.057

| 0.152 0.751 0.130
Mg 0.001* 0.012* 0.742
Mn 0.565 0.061 <0.001*
Mo 0.019* 0.079 <0.001*
Se 0.046* 0.104 <0.001*
\YJ 0.985 0.462 <0.001*
Zn <0.001* 0.305 <0.001*
Data expressed as p values for the factorialeffect;
* - factorialeffect is significant atp < 0.05

Table 4. Urinary trace element and minerallevels in first-year studentsfrom Iran and Turkmenistan ascompared to
Russian students

Reference values

Element Russia Turkmenistan Iran

Ca,ug/ml | 102.473(95.797 - 109.710) | 101514 (94.936 - 105.197) | 99.216 (93.793 - 103.730)

Co,ng/ml | 1.087(0.615 - 1.66) 0.696 (0.49 - 1527) 0.791 (0.593 - 1.043) 016-1.14 17
Cr,ng/ml | 1.266(0.789 - 1.816) 154 (1.056 - 1.981) 1.866 (1.589 - 2.089) 12

Cu, ug/ml | 0.014(0.009 - 0.021) 0.038(0.027 - 0.052) 0.044(0.034 - 0.058) 12 0.004-0.012(2
Fe, ug/ml | 0.027 (0.017 - 0.045) 0.068 (0.042 - 0.099) . 0.073(0.047 - 0.094) t

L ug/ml | 0.126 (0.066 - 0.184) 0.122 (0.067 - 0.171) 0.134 (0.097 - 0.181) 0.019-0.38584
Mg, pg/ml | 22.154 (21.079- 23.183) | 22.050 (20.578 - 23.149) 21.857 (20.435 - 23.039)

Mn, ng/ml | 1057 (0.793 - 1.453) 1,637 (1.395 - 1.989) ! 1.639 (1.427 - 1.975) 1 011-132F2
Mo, pg/ml | 0.051(0.021 - 0.078) 0.043 (0.03 - 0.068) 0.051(0.033 - 0.074) 0.007 - 0.05 2]
Se, ug/ml | 0.035 (0.02 - 0.049) 0.037(0.029 - 0.05) 0.043(0.033 - 0.051) ¢ 0.010-0.046 32
V,ng/ml | 0.094 (0.058 - 0.205) 0.599 (0.428 - 0.817) ! 0.607 (0.442 - 0.769) * 14-10.2%
Zn, pg/ml | 0.371(0.225 - 0.832) 0.637 (0.286 - 1.069) 0.589 (0.426 - 0.923) ! 0.044 - 0.499 *2]

Data expressed as median and the respective interquartile range (IQR) boundaries; 1-2— significant group differencein
comparison to values in students from Russia and Turkmenistan at p < 0.05, respectively




Table 5. Assessment of the influence of sex, age, and the country of origin on urinary concentrations of trace

elements and minerals in RUDN University students

Element | Sex Age Region

Ca 0.665 0.295 0.137
Co <0.001* 0.051 0.149
Cr 0.209 0.946 <0.001*
Cu 0.177 0.708 <0.001*
Fe 0.525 0.497 <0.001*
| 0.309 0.450 0.243
Mg 0.723 0.577 0.584
Mn 0.689 0.635 <0.001*
Mo 0.132 0.461 0.046*
Se 0.268 0.182 <0.001*
\% 0.843 0.218 <0.001*
Zn <0.001* 0.193 0.102
Data expressed asp valuesfor the factorial effect; *
- factorialeffect is significant atp < 0.05

Table 6. Hair trace element and mineral levels (ug/g) in first-year studentsfrom Iranand Turkmenistan ascompared

to Russian students

Element | Russia Turkmenistan Iran Reference values
Ca,ug/g | 1006.684 (482.513 - 2753.95) | 442.49 (329.68 - 945.033)1 1486.94 (618.072 - 3052.52)2 | 494- 16191
Co, ug/g | 0.011(0.006 - 0.03) 0.013(0.009 - 0.036) 0.020 (0.007 - 0.037) 0.004-0.14 B2
Cr, ug/g | 0.134(0.074 - 0.26) 0.084 (0.065 - 0.153) 1 0.159 (0.118 - 0.251) 2 0.11-0.52 12
Cu, ug/g | 13.551(9.851 - 16.247) 8.543 (7.416 - 10.484)1 12.882 (10.351 - 18.070) 9.0-61.31%

Fe, ug/g | 14.994(9.23 - 24.274) 14.910 (11.201 - 18.019) 14.331(9.902 - 18.967) 11.1-405 09
l,ug/g | 0.261(0.14 - 0.465) 0.113(0.078 - 0.401) 1 0.242(0.176 - 0.5) 2 0.150- 0.927 %]
Mg, ug/g | 84567 (43.597 - 157.199) 70.304 (46.569 - 127.705) 115.019 (61.009 - 222 521)12 | 39-137F9

Mn, pg/g | 0.476 (0.223 - 0.887) 0.366 (0.265 - 0.595) 0.342(0.203 - 0.693) 0.016-0.57 2
Mo, ug/g | 0.022 (0.017 - 0.027) 0.031(0.021 - 0.039) 0.026 (0.019 - 0.032) -

Se, HO/g | 0.429(0.365 - 0.511) 0.371(0.307 - 0.464) 0.34 (0.229 - 0.494) 0.37-1.37 2
V, 1ug/g | 0.021(0.01 - 0.037) 0.025(0.017 - 0.031) 0.026 (0.015 - 0.062) 0.001-0.051 2
Zn,pglg | 201.792 (169.659 - 251.677) | 174.880 (140.933- 229.660)! | 168.735 (145.531 - 202.050)t | 129- 2097

Data expressed as median and the respective interquartile range (IQR) boundaries; 2 significant group differencein comparison

to valuesin studentsfrom Russia and Turkmenistan atp < 0.05, respectively




Table 7. The impact of sex, age, and country of origin on hair trace element and mineralcontent in first-year
students

Element Sex Age Region
Ca <0.001* 0.776 <0.001*
Co <0.001* 0.922 0.087
Cr 0.173 0.158 <0.001*
Cu <0.001* 0.013* 0.031*
Fe <0.001* 0.817 0.340
| 0.280 0.568 0.005*
Mg <0.001* 0.947 0.005*
Mn <0.001* 0.627 0.045*
Mo 0.226 0.788 0.124
Se 0.002* 0.204 0.025*
\% 0.028* 0.474 0.025*
Zn 0.151 0.851 0.003*
Data expressed as p values for the factorial effect; * -
factorial effectis significant atp < 0.05

Supplementary Table 1. The limits of detection (LOD) and quantification (LOQ), as well asthe background
equivalent concentrations (BEC) for the analyzed elements

Element | BEC, ppb | LOD, ppb | LOQ, ppb
Ca 23.21 11.78 | 35.69697
Co 0.004566 | 0.003906 | 0.011836
Cr 0.04553 | 0.003262 | 0.009885
Cu 0.1252 0.02448 | 0.074182
Fe 23.2 3.866 | 11.71515
I 0.2113 0.06497 | 0.196879
Mg 1.113 0.2886 | 0.874545
Mn 0.05587 0.0021 | 0.006364
Mo 0.004446 0.01275 | 0.038636
Se 0.1285 0.06142 | 0.186121
\ 0.01011 | 0.000722 | 0.002188
Zn 0.538 0.09749 | 0.295424




