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Abstract

Objective. To monitor blood pressure (BP) and mineral metabolism in adolescents drinking water
with low content of mineral salts (St Petersburg municipal tap water) in relation to the constitutional
and individual characteristics. Design and methods. The study included 155 school students aged
11-13 years, both males and females. Table water for the first (experimental) group (64 students) was
enriched with Ca?" and Mg*" up to 50-60 and 25-30 mg/l, respectively. The second (control) group
consisted of 91 adolescents receiving the ordinary Saint-Petersburg tap water with extremely low
content of essential macroelements (7-8 mg/1 of calcium; 3—4 mg/l of magnesium). By antropometric
measurements, all adolescents were divided into 3 constitutional types and into 2 types of different
rates of individual development. The study lasted 5 years. During the follow-up BP was monitored
periodically in all participants, and the mineral composition of tissues such as nails and hair was studied
using atomic absorption analysis (AAS-3, Germany). Results. The initial data on average systolic BP
(SBP) and diastolic BP (DBP) were statistically identical in both groups: mean SBP was 117 + 3,9
and 118 + 3,8 mmHg, respectively; mean DBP was 80 + 2,5 and 78 + 2,4 mmHg in groups 1 and 2,
respectively. At the same time, initial BP (both SBP and DBP) was significantly (p < 0,05) higher in
adolescents with the ectomorphic cerebral type are characterized by higher neurotism and emotional
instability. After 5-year follow-up both SBP and DBP decreased significantly (p < 0,05) in adolescents
receiving table water enriched with calcium and magnesium. At the same time, in the control group in
different constitutional subgroups receiving low-Ca*-Mg?" tap water no significant changes in SBP and
DBPwere observed throughout the study. The concentrations of Ca?* and Mg*" in nail and hair samples
increased with time in all 3 constitutional subgroups of the experimental group. By the end of the study
the most marked increase was observed in adolescents of the mesomorphic and of the endomorphic
type. In the mesomorphic subgroup calcium content in hair increased from 0,78 + 0,06 up to 1,34 +0,13
mg/g (p <0,05), and magnesium content — from 0,02 £+ 0,001 to 0,07 = 0.008 mg/g (p < 0,05). In the
endomorphic adolescents the hair mineral content increased from 0,58 + 0,04 up to 1,60 £ 0,10 mg/g
and from 0,02 + 0,.001 up to 0,08 + 0,007 mg/g, respectively (p < 0,05). Conclusions. After 5-year
follow-up the average BP increased significantly in subgroups of adolescents characterized by higher
neurotism and emotional instability, as well as in accelerants. Compensation of the natural deficiency
of mineral salts in drinking water (within physiological norms and hygienic standards) protects from
mineral loss and has a positive effect on mineral distribution in tissues.
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Pe3rome

Leab uccaenoBanus — U3y4uTh YPOBEHb apTepHanbHoro aasienus (AJl) u coctosHus MmuHe-
paibHOro 0anaHca y MOAPOCTKOB, MOTPEOIISIOMIMX BOY C HU3KUM COJEPKaHUEM MUHEPAIbHBIX COJIeH
(Cankr-IleTepOyprckasi BOOONpoOBOHAS BOJIA) B 3aBUCUMOCTH OT KOHCTUTYIUOHAJIbHBIX U MHJIUBUTY-
aJBbHBIX 0COOCHHOCTEN pa3BUTHS peOeHKka. MaTepuabl M MeTObl. B riccienoBanme BKIOYEHBI 155
nonpocTkoB 11-13 et o6oero mona, yuamuxcs onHor 3 rumuasuii Cankr-IlerepOypra: 64 yenoBeka
(1-s rpynmna) B Ka4ecTBE CTOJIOBOM BOJBI JJI MUThSI M IPUTOTOBICHUS MUY UCIIOJIb30BaJIM HOpMa-
JU30BAHHYIO 110 MHHEpaabHOMY cocTaBy Boay (Ca?" 50—60 mr/in u Mg?* 25-30 mr/i). KoHTponbHyto
TPYIIY COCTaBUJIM y4Yaluecs ToH ke TuMHa3uu (91 yenoBek), moTpedIsiBIIMe B Ka4eCTBE CTOIOBOM
0OBIUHYIO BOAOIPOBOAHYIO CAHKT-1IeTepOyprekyro Boay (7—8 mr/nm Ca** u 3—4 mr/n Mg*"). Uccraeno-
BaHUE MPOJ0JIKaIOCh 5 JeT. C MOMOILbI0 aHTPOIIOMETPUUECKOTO METO/1a MOAPOCTKH pa3/ieNieHbl Ha
3 HOJSPHBIX TUIA IO KOHCTUTYLHOHAJIBLHOMY MPU3HAKY W HA JBa MOJISIPHBIX TUIIA — IO IPU3HAKY
CKOPOCTH MHAMBHUIAYAJIbHOTO pa3BuTUA. Bcem moapocTkaM npoBOAMINCh MOHUTOpUpoBaHue A/l u
OTpe/IeICHUE MUHEPAIHHOTO COCTaBa 00pa3ll0B HEKOTOPHIX TKaHEW (HOT'TH, BOJOCHI) C TIOMOIIBIO
aTOMHO-a0copOImoHHOM criekTpodoTomeTprn (AAS-3, I'epmanus). Pesyabsrarsl. cxonHo cpegnee
cucronnieckoe A/l (CAI[CP) u quactonundeckoe A/l (I[AI[CP) B rpymmax He pasmudannce: CAJl  co-
craBisio 117 + 3,9 mMm pt. c1. B 1-i1 rpynme u 118 £ 3,8 MM pT. cT. — BO 2-H, a ,Z[AI[Cp — 8025
u 78 £ 2,4 MM pT. CT. COOTBETCTBEHHO. [Ipu 3TOM CAI[CP' u ,Z[A,Z[Cp B MOATPYyINax MOAPOCTKOB IKTO-
MOp(HOTro 1EepedpasbHOI0 THUIA, XaPAKTEPU3YIOIIErOCs MOBBIIIEHHBIM HEHPOTU3MOM U HEYPaBHO-
BEIICHHOCTHIO, ObLTH cymecTBeHHO Bhime (p < 0,05). Uepes 5 meT BO BceX KOHCTUTYITHOHAIBHBIX
MOATrPYINax NOAPOCTKOB 1-i rpymIibl ypOBEHB KaK CAILCP, TakK u ,Z[AIICp CHU3WJICS 110 OTHOLICHUIO K
Havay uccienoBanus (p < 0,05), B To Bpems KaKk BO 2-i TPyIINE MOAPOCTKOB 3HAYUMBIX Pa3IUIUi B
YpPOBHE CAZ[Cp u ,Z[A,Z[Cp B HavaJie ¥ KOHIIC UcciieoBanus He HaOmonanock. Conepxanune Ca* u Mg?*
B 00pasiax BOJIOC U HOITeH B 1-if rpynme HapacTaio BO BCEX TPEX KOHCTUTYIIMOHAJIBHBIX MOATPYII-
nax. K koHiy uccrnenoBanus Haubosee BbIpaKeHHbIMU ATH U3MEHEHUs ObUTH B TPyMIaxX MOJPOCTKOB
me3zomopdHoro tumna (comepxanue Ca’" B Bomocax yBeanuniaoch ¢ 0,78 + 0,06 mo 1,34 £ 0,13 mr/t,
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p <0,05; a Mg* — ¢ 0,02 + 0,001 g0 0,07 £+ 0,008 mr/t, , p < 0,05) u sHKOMOpdHOTO THIIA (COIEP-
xanue Ca’" B o0pasnax Bosnoc yBeauuuiaoch ¢ 0,58 + 0,04 no 1,60 = 0,1 mr/t, p <0,05;a Mg — ¢
0,02 + 0,001 mo 0,08 = 0,007 mr/r, p < 0,05). [TogoOGHBIX U3MeHEHUIT B 1-i1 rpyme He HAOIIIAT0Ch.
BeiBonbl. Cpennee AJl uepes 5 neT HaOMIONEHUS 3HAYMMO yBEIUYHIIOCH B TPYINAX MOIPOCTKOB,
XapaKTepU3YyIOLIUXCSl MOBBIIIEHHBIM HEHPOTU3MOM M HEYPAaBHOBEUIEHHOCTBIO, @ TaKXKe B TpyIIe
akcenepanToB. Koppekuus mpupoaHoro aeduiinTa MUHEPAIbHBIX COJIEH B MUTHEBOM BOE (B paMKax
TUTHEHUYECKUX HOPMATUBOB U (PU3HOJIOTHYECKUX HOPM) 001aiaeT MuHepaiocOeperaromum 3¢ hek-

TOM U COIIPOBOXKAACTCA MO3UTUBHBIMU CABUI'aMU B PACIIPCACICHUN Ca’*u 1\/[g2Jr B TKaHAIX.
KiroueBble ciioBa: MMOAPOCTKHU, aApTCPUAJIBHOC NABJIICHUC, COACPKAHUC KAaJIbIIUA 1 MarHus B TKaAHAX,

Ne(UIUT MaKpOAIIEMEHTOB B MUTHEBOM BOJE.

Cmamus nocmynuna 6 peoaxyuro 23.07.14 u npunama x nevamu 06.08.14.

Introduction

According to long-term studies of hundreds of
thousands of children held by automated systems
of mass preventive examinations (ASPON-D),
as well as analyses of the nutrition chemical
composition, the rate of healthy children is up
to 10-12% only in a few regions, while in most
parts it is about 1-2 %. The proportion of children
not adequately supplied by a number of nutrients is
up to 50% or more, and regarding macro- and
micronutrients it constitutes 100 % [1].

Human population modifies under the impact
of environmental factors, changing social
conditions, technological factors, both separately
and combined. Children are the most sensitive
to environmental influences. One of them is low
content of nutrients in the drinking water in some
regions, particularly in St Petersburg. Water from
the basin of Ladoga and Neva River is known
to lacking hardness elements — calcium and
magnesium.

Insufficient calcium supply throughout life
of the modern citizen of St Petersburg, in all age
groups is responsible for the epidemiological
prevalence of musculoskeletal diseases, for
instance, of the ostheoarthritis of the spine,
achieving almost 100 % incidence. Moreover,
calcium deficiency significantly affects the
timing and severity of essential hypertension
(HTN), including HTN in pregnancy. Nutritional
deficiency of essential macronutrients, such
as calcium and magnesium,— in children and
pregnant women in St Petersburg is highly
prevalent. Our data show a striking difference in
their content in milk of pregnant women in St
Petersburg and Moscow [1].

The place where the child grow up was shown
to play an important role in research studying
the mechanisms mediating the effects of mineral
deficiency in the drinking water on the vascular
tone, blood pressure (BP), the state of mineral
metabolism in the cell, tissue, whole body in
both healthy and ill people. The involvement
of systems regulating mineral homeostasis was
demonstrated in conditions with the calcium
and magnesium deficiency in drinking water
[2-5]. The contribution of the “water pool” of
calcium and magnesium to the total daily intake
of these elements numerically seems rather
small. However, its significance is determined,
firstly, by high bioavailability and assimilability
of free ions. Secondly, when there is a critical
nutritional deficiency of calcium and magnesium
(even in the developed countries), their significant
concentrations in drinking water are crucial
for deficit compensation and prevention its
complications.

The sensitivity to the environmental influences
varies at different periods of ontogeny. According
to the theory of the critical (sensitive) periods of
development, environment has the highest impact
during the growth period. At the same time
critical periods might be different for various
characteristics. Obviously, environment primarily
affects the functional characteristics (physiological,
biochemical or behavioral), and secondarily —
morphological ones [6—8].

Thus, children’s growth and development
depend on many environmental factors that can
mask the hereditary influence. The constitution
of the child includes not only the reactivity
and metabolism, but also the growth features
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reflecting in constitution (and its type). These
characteristics were taken into account in our work,
that included young adolescents corresponding
to the most sensitive period of growth (early
peripuberty and start puberty).

The aim of this study was to investigate blood
pressure (BP) and the state of mineral balance in
adolescents citizens of St Petersburg who drink
tap water (lacking hardness) depending on the
constitutional, individual and phylogenetic
characteristics of the child.

Design and methods

The study included 155 adolescents aged
11-13 years old of both sexes, who were students
of one of the high schools in St Petersburg.
After the appropriate education of parents the

ORIGINAL ARTICLE

families of the 1st group (n = 64) used water with
higher content of calcium and magnesium ions
“Severyanka”® (potable water, patent number
2134241 of Russian Federation, 1999) to 50—
60 mg/L Ca* and 25-30 mg/L Mg?* as drinking
water and for cooking. The concentration of these
elements meets the requirements of the Russian
legislation (SanPiN 2.1.4.1074-01 and SanPin
2.1.4.1116-2002). The control group included
students of the same school (n = 91) who
consumed normal St Petersburg tap water
(7-8 mg/L Ca?" and 3—4 mg/L Mg%).

Based on the anthropometric data including
cephalometry, odontoglyphics, dermatoglyphics,
and caliperometry [8], anthropometry
(USA) with the measurement of more than
100 indicators, adolescents were divided into

Table 1
SYSTOLIC AND DIASTOLIC BLOOD PRESSURE AND CALCIUM CONTENT AND MAGNESIUM
IN THE HAIR AND NAILS (MG/G DRY WEIGHT) IN ADOLESCENTS
OF DIFFERENT CONSTITUTIONAL TYPES (M = SD)
HAIR NAILS
Group/blood pressure (SBP/DBP)

Ca’, mg/g Mg*, mg/g Ca™, mg/g Mg*, mg/g
iitoi‘rl;‘t’;phlc 116/76 + 3.7/2.2 0.69 + 0.04 0.01 + 0.001 1.29+0.10 0.15+0.01
piratory 108/70 + 3.1/2.0% 148+0.12% | 0.06+0.006% | 2.92=0.30% 0.23 +0.02

n =16 (1* group)
fecrté’;rr‘;rphlc 118/78 £3.8/2.4 0.68 + 0.05 0.03 + 0.002 1.71+0.15 0.15+0.01
8 108/72 +£3.1/2.1% 1L17+0.11% | 0.08+0.006% | 3.38+0.30% 0.22+0.01

n =15 (1* group)
Mesomorphic 110/76 + 3.4/2.1 0.78 £ 0.06 0.02 = 0.001 2.26+0.20 0.16 + 0.01
n =17 (1* group) 103/65 + 3.0/1.9% 134£0.13% | 0.07£0.008% | 6.40+0.52% 0.38 +0.03*
Ectomorphic 111/75 + 3.4/2.1 0.58 + 0.04 0.02 + 0.001 2.47+0.23 0.14 + 0.01
n =16 (1* group) 104/65 + 3.0/1.9% 1.60£0.10% | 0.08+0.007* 3.37+0.29 0.22 +0.02
fe‘;t"i‘:;‘t’;ph‘c 114/78 £3.9/2.3 0.92 +0.07 0.08 + 0.005 3214021 0.20 + 0.02
piratory 113/78 £3.7/2.1 1.01 +0.07 0.08 + 0.005 3.54+0.25 0.21+0.01

n =22 (2% group)
f::;’;rr‘;rph‘c 117/80 +3.9/2.5 0.74 + 0.06 0.06 + 0.006 3.85+0.29 0.24+0.02
8 115/78 £3.7/2.1 0.88 +0.07 0.07 + 0.007 3.89 +0.29 0.22 +0.02

n =22 (2% group)
Mesomorphic 110/77 £3.7/2.4 0.84 + 0.06 0.07 + 0.007 3.81+0.31 0.25+0.02
n =24 (2 group) 108/76 + 3.5/2.0 0.86+0.07 0.08 + 0.007 3.99 + 0.30 0.23 +0.02
Endomorphic 110/78 £3.7/2.4 0.91 +0.07 0.06 % 0.005 2724022 0.16 + 0.01
n =23 (2 group) 109/76 + 3.6/2.1 1.01+0.07 0.08 + 0.007 2.90 +0.21 0.19 + 0.01

Note: SBP — systolic blood pressure; DBP — diastolic blood pressure; 1* group (64 people) — adolescents who
consumed mineralized drinking water; 2™ group (91 people) — adolescents who consumed water with low mineral content;
upper line — baseline values; bottom line — values at 5-year follow-up; * — p < 0.05; the difference between the baseline

and 5-year follow-up values.
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Table 2

SYSTOLIC AND DIASTOLIC BLOOD PRESSURE AND CALCIUM AND MAGNESIUM CONTENT
IN HAIR AND NAILS (MG/G DRY WEIGHT OF TISSUE) IN ADOLESCENTS WITH DIFFERENT RATE
OF INDIVIDUAL DEVELOPMENT (M + SD)

Group / blood pressure HAIR NAILS

(SBP/DBP) Ca’, mg/g Mg*, mg/g Ca*, mg/g | Mg*, mg/g

Accelerated 118/79+3.92.4 | 1.17+0.10 | 0.01+0.001 2.59+0.20 | 0.16+0.01
developmentn=13 | 109/72+3.0/2.0% | 1.71+0.12 | 0.05+0.003* | 3.04+0.30% | 0.24+0.02

I Intermediate type 114/77 £3.6/2.3 | 0.64+0.05 | 0.04+0.003 1.55+0.10 | 0.13+0.01
group n=24 108/71 £3.0/2.1*% | 1.25+0.10% | 0.11+0.010* | 3.90+0.29* | 0.26 + 0.01*
n =64 Retarded 111/76 £3.4/21 | 0.58+0.04 | 0.02+0.002 1.61£0.11 | 0.15+0.01
development n =27 | 104/68 +3.0/1.9% | 1,39+ 0.11* | 0.07+0.005% | 4.12+0.35% | 0.24 + 0.02*
Accelerated 118/80+3.92.6 | 0.75+0.05 | 0.05+0.004 | 2.49+022 | 0.13+0.01
developmentn=22 | 116/80+3.9/2.7 | 0.91+0.07 | 0.07+0.005 | 2.61+0.20 | 0.16+0.01

2nd Intermediate type 113/79+3.7/25 | 1.00£0.09 | 0.06+0.006 | 2.98+021 | 0.20=+0.02
group n=33 114/79+3.6/24 | 1.03+0.10 | 0.07+0.007 | 2.88+0.21 | 0.19+0.02
n=91 Retarded 109/77 £3.6/2.4 | 0.80 +0.05 0.07 £ 0.005 3.00+£028 | 0.21+0.01
developmentn=36 | 109/76+3.6/2.4 | 0.88+0.07 | 0.06+0.005 3.84+0.30 | 0.18+0.01

Note: SBP — systolic blood pressure; DBP — diastolic blood pressure; 1% group — adolescents who consumed
mineralized drinking water; 2" group — adolescents who consumed water with low calcium and magnesium content; upper
line — baseline; bottom line — 5-year follow-up; * — p <0.05; the difference between the values at baseline and 5-year

follow-up.

three polar types of constitutional symptoms:
endomorphic (digestive, pyknic), mesomorphic
(osteomuscular, athletic) and ectomorphic
(asthenic). In addition, adolescents were
divided into two polar types based on the
rate of individual development (accelerants,
retardant) reflecting ontogenesis, and the third
type — an intermediate type.

Once per month BP was measured (mean
of three consecutive measurements) and the
monitoring of the mineral composition of
some tissue samples (nails, hair; in mg/g of
tissue dry weight) was performed by atomic
absorption spectrophotometry (AAS-3, Germany)
for the following 5 years. Nails and hair are
the ideal tissues for the assessment of the mineral
balance. Mineral content in these tissues reflects
the intracellular biochemistry during growth and
development and correlates with the concentration
of these elements in bone tissue [3, 4].

Statistical analysis was performed using
statistical program Statistica for Windows ver. 10.
Results are expressed as Mean (M) and Standard
Deviation (m). Significance level was set
atp <0.05.

Results

Dynamics of systolic blood pressure (SBP)
and diastolic blood pressure (DBP), as well as
the change in calcium and magnesium content in
tissue samples (hair, nails) in adolescents of
different constitutional groups are shown in
Table 1. The highest baseline values of mean
SBP and DBP in the first and second groups
were significantly higher in adolescents of
ectomorphic cerebral type (characterized by
high neuroticism and unbalanced state). Baseline
mean SBP was 117 £ 3.9 mm Hg in the first
group and 118 + 3.8 mm Hg in the second group,
and mean DBP was 80 + 2.5 and 78 + 2.4 mm
Hg, respectively. After 5 years in all subgroups
treated by mineral enriched water both mean
SBP and DBP was significantly lower compared
to the baseline values. At the same time, the 2nd
group of adolescents consuming St Petersburg
water with the low content of Ca?" and Mg?),
there were no significant differences in SBP and
DBP at the baseline and at follow-up.

Consumption of drinking water enriched by
macroelements (group 1) was associated by a
statistically significant increase of calcium and
magnesium content in the samples of hair and
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Table 4

DEVELOPMENT WITHIN 5 YEARS FROM BASELINE (M £ SD), % TO THE BASELINE VALUES

ANTHROPOMETRIC PARAMETERS IN ADOLESCENTS WITH DIFFERENT RATE OF INDIVIDUAL
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and nails, respectively, and an increase in Mg?*
constituted 0.05 and 0.09 mg/g, respectively
(Table 2).

Anthropometric parameters — height and
weight, chest and waist circumferences — should
be considered in the two groups.

Tables 3 and 4 present the data on the change
(in percentage to the baseline values) of some
anthro-pometric indices evaluated during 5-year
follow-up in different constitutional groups
of teenagers with different rates of individual
development.

The results show that these parameters
change in a different way in the studied groups.
Thus, the degree of increase in body weight, height,
chest and waist circumferences was similar in
adolescents of ectomorphic type (Table 3) and
teenagers with accelerated development (Table
4) who consumed water with normal mineral
content. At the same time, there were significant
changes in these indices at the end of follow-up in
It and 2™ groups of adolescents of intermediate
type and with retarded development, as well
as in those with mesomorphic and endomorphic
constitutional types. Teens who consumed water
with low Ca?" and Mg?** content were more prone to
excessive weight gain and to the increase of waist
circumference (height/weight ratio was always
positive in this group compared to the control
group). The increase in the chest circumference was
significantly lower in adolescents of intermediate
type and teens with retarded development than in
controls who received water with normal mineral
content (Table 4).

Thus, changes in the anthropometric
characteristics in adolescents with endomorphic
and mesomorphic type who consumed water
with normal mineral content indicate a higher
asthenia in teens with ectomorphic constitutional
type. In accordance with modern concepts such
changes are positive and are in good agreement
with the progressive human development.
According to this concept asthenic subjects are
characterized by slower maturity and higher
longevity. Unlike adolescents with intermediate
type and retarded development, adolescents
do not demonstrate such an effect, because
accelerate type is the most archaic one, and
subjects with retarded development (the most
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advanced) are more susceptible to such influence
[11]. Subjects with ectomorphic type are rather
asthenic, and longer time is required for the effect
manifestation.

Discussion

Ourresearch shows that environment-associated
mineral deficiency (in particular, the deficiency of
calcium and magnesium ions in natural drinking
water) affects mineral homeostasis, vascular
tone (BP), some anthropometric parameters and
physiological functions in adolescents. The main
constitutional groups most prone to this effect
were identified.

Significantly higher BP was found in
adolescents with high neurotism and imbalanced
state (genetically determined). Previously we have
noted that higher BP in this group was associated
with the lower content of Ca?" and Mg?* in the
tissues along with the higher urinary excretion of
these ions compared to other groups [9-11].

Our study suggests a lower sensitivity of
morphogenetic indicators to environmental
factors in subjects with ectomorphic constitutional
type and a marked mineral-saving effect of
mineralized drinking water associated
with BP stabilization (within the reference
physiologic values and hygienic standards).

Mineral enrichment of drinking water up to
normal values result in an increase of Ca*" and
Mg?* content in the tissues (nails, hair) and,
as previously shown, in a lower loss of these
macronutrients in all groups of adolescents, as
well as substantially reduction in the number
of visits to a dentist [9].

Significant positive changes in mineral
homeostasis, BP stabilization and the reduction
of Ca?" and Mg?* loss were found in adolescents
consuming drinking water with the normal content
of minerals.

Together with the team from the Russian
State Pedagogical University named after
A.1. Herzen (St Petersburg, Russia) we showed
that mineralized water consumption is associated
with the better psychosomatic indicators such as
performance [12].

Specifics of children as a target population is,
apparently, the fact that children may not respond
to exposure to factors such as lack of minerals in
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the drinking water, through the emergence of the
disease. The impact of these factors is through
their influence on the processes of growth and
differentiation [1].

At the same time mineral deficiency may not
manifest as a morbidity in children, but rather
has an impact on development, differentiation
and growth [1].

A large international program of micronutrient
and mineral supply completed in 2006. The
World Bank reported a simple conclusion
supported not only by medical doctors, but also
by economists and bankers: “Nowadays there is
no other technology, providing human health and
combining both low price (minimum value) and
maximum efficiency, as adequate supplement by
nutrients and minerals”.

Conclusions

1. BPis significantly higher in adolescents with
ectomorphic cerebral type, characterized by high
neurotism and imbalanced state, and in the group
of teenagers with accelerated development.

2. The adolescents with ectomorphic consti-
tutional type are the least sensitive to environmental
factors (with regard to height/weight ration).

3. Normalization of the mineral composition of
“soft” drinking water is associated with a mineral-
saving effect and positive changes in mineral
metabolism and rate of individual development.
It is especially marked in adolescents of asthenic
type (endo- and mesomorphic types) resulting in
the change of their constitution comparable
to teenagers with ectomorphic constitutional
type.

4. Normalization of mineral composition of the
drinking water may be one of the primary methods
for preventing mineral imbalance regarding
Ca? and Mg?" metabolism and associated
changes in vascular tone in some constitutional
groups of adolescents.
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