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ABSTRACT

Introduction. The Reflection Index (RIDVP) derived from digital volume pulse (DVP) analysis has proved to
be useful in the assessment of endothelium-dependent vasodilation induced by albuterol. Little is known
of the effect of shear-stress-induced vasorelaxation on RIDVP.

Material and Methods. Thirty three healthy volunteers (22 females, 11 males, mean age 57 yrs) were recrui-
ted. Assessment of endothelium-dependent vasorelaxation was performed by the analysis of digital volu-
me pulse after albuterol challenge or locally-induced hyperemia.

Results. he hyperemia-induced vasodilation led to a significant decrease of Rl in comparison with the
values obtained at rest (ARl 69 + 2 % vs 64 + 2, p < 0.0001). Similarly albuterol administration resul-
ted in a significant drop in Rlyye (AR, 71 £2 % vs 67 £ 2 %, p < 0.0001). There was no significant differen-
ce between ARl,,.. and ARl,, (5.2 + 0.8 % vs 4.6 + 1.0 %, p = 0.61). We observed a significant correlation

between the small vessel reaction in response to albuterol or hyperemia (r = 0.52, p = 0.01).
Conclusions. Our study demonstrated that hyperemia-induced changes in the Reflexion Index derived from

the digital volume pulse are similar to those observed after albuterol-challenge and both are correlated.

Keywords: endothelial-dependent vasodilation, digital volume pulse, albuterol.

Introduction
cular beds [4, 5]. Currently, endothelial testing is

Endothelial dysfunction is an early hallmark of based on either the administration of vasoactive

a variety of arterial injuries including those from
hypercholesterolemia, smoking, hypertension,
diabetes and atherosclerosis [1, 2, 3]. A host of
substances, including nitric oxide released by
endothelium, are responsible for arterial vasodi-
lation. Therefore assessment of endothelial vaso-
motor function is one of the most popular ways
of obtaining an insight into the “global endothe-
lial health". Endothelial dysfunction is a systemic
disorder and can be measured in various vas-

substances or an increasing shear-stress in the
artery, followed by assessment of the subsequent
vasodilation [6, 7].

The digital volume pulse (DVP) is obtained
by measuring the transmission of infrared light
through the finger. Pulse contour analysis of the
waveform obtained lead to the establishment of
two indices, one corresponding to the large artery
stiffness (the Sl,,, — stiffness index) and anoth-
er (the Rly,, — reflexion index) which is related to
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the tone of small arteries [8, 9]. Recently, Chow-
ienczyk et al. [10] demonstrated that albuterol (a
beta,-adrenergic agonist) affects the Rl which
is in part, mediated through the nitric oxide path-
way. This suggests that measurement of albuter-
ol-induced changes in DVP may be useful in the
evaluation of endothelium-dependent arterial
vasodilation.

The brief period of arterial ischemia evoked
by inflation of the sphygmomanometric cuff
and subsequent cuff deflation is followed by
shear-stress- induced NO generation and hence
endothelium-dependent  vasodilation.  This
flow-mediated vasodilation is frequently used for
the assessment of endothelium vasomotor func-
tion [11]. We therefore, set out to compare albuter-
ol-induced changes in Reflexion Index of DVP
with those induced by local reactive hyperemia.

Material and Methods

Thirty three healthy people were recruited by
means of advertising localy. The participants
were normotensive and none were taking any
medication at the time of the study. The clini-
cal characteristics of the study group are given
in Table 1. All the volunteers had a normal rest-
ing ECG and no cardiovascular and respiratory
abnormalities were detected on physical exami-
nation. All patients gave their written informed
consent before entering the study and the insti-
tutional ethics committee approved the study
protocol.

ATovp

Table 1. Clinical characteristics of the study participants

Characteristic Mean + SEM

Age (years) 572
Female/male 22/1
Smoker/non-smoker 7/26
Body mass index (kg/m?) 25.6+0.7
Systolic blood pressure (mm Hg) 12313
Diastolic blood pressure (mm Hg) 762
Heart rate (beats/min) 69t2
Total cholesterol (mg/dl) 196+ 7
Stiffness index (Slyyp) (M/S) 93+0.4

Beta,-adrenergic arterial vasodilation and
hyperemia-induced arterial vasodilation
Measurement was performed in the supine posi-
tion, after 10-minutes rest with the use of a pho-
toplethysmograph (Pulse Trace 2000, MicroMedi-
cal, UK). The digital volume pulse (DVP) wave-
forms were recorded over consecutive 10 cardi-
ac cycles and then automatically averaged. The
Reflection Index of DVP (Rlpys) was determined as
the height of the diastolic component of the DVP,
expressed as a percentage of the systolic peak [8,
9]. The Ry, was considered as a measure of the
amount of pulse wave reflection and of the tone of
small arteries (Figure 1). Arm blood pressure was
taken as a mean of three measurements obtained
by an oscillometric method (Omron M-5).

In order to demonstrate flow-mediated vaso-
dilation, hyperemia was induced on the arm
where the digital volume pulse analysis was per-
formed. After obtaining the baseline resting DVP
waveform from a fingertip photoplethysmogram,
the sphygmomanometric cuff was placed on the
ipsilateral arm and was inflated to 230 mm Hg for

Subject height i
ATove

Slpvp = n mifs

I— 3
T .
v

‘ Rlove = X100%

Figure 1. The Stiffness Index (Sly) is obtained from subject height divided by the time
between the systolic and diastolic peaks of the digital volume pulse (DVP). The Reflection
Index (Rlyyp) is determined as the height of the peak (a) component of the DVP expressed as
a percentage of the systolic peak (b)

Journal of Medical Science 2019;88(1)




5 minutes to induce transient ischemia. Subse-
quent deflation of the cuff induced a brief state
of increased shear stress. The pulse wave was
recorded 1, 2 and 3 mins after cuff deflation.
Average waveforms were generated after acqui-
sition of 10 sequential pulse wave forms. The
response to hyperemia (ARly,,.) was defined as
the maximum difference in Rl,, between rest
and the post-hyperemia period.

After 20 minutes rest, new baseline resting
DVP waveforms were obtained and nitroglycer-
ine (NTG) was then administred sublingually (50
ug) to estimate endothelium-independent arte-
rial vasodilation [10]. Finger pulse waves were
obtained after 1, 3 and 5 minutes. The response
to NTG-induced vasodilation (ARly) was defined
as the maximum difference in Rl,, between
baseline and the NTG-induced changes. After 20
minutes rest and obtaining a 3-rd baseline rest-
ing DVP waveform, albuterol (2 x 200 ug) was giv-
en by inhalation, with the use of a spacer, in order
to estimate B2-adrenergic-induced vasodilation
[10]. Recordings of pulse wave forms were made
5,10 and 15 minutes after the albuterol inhalation.
The response to albuterol (ARl,,) was defined as
the maximum difference in ARI,, between rest
and the post-albuterol period and was regarded
as endothelium-dependent vasodilation [10].

Statistical analysis

The results of continuous variables are expressed
as mean values + SEM. Normal distribution of

data was tested by Kolmogorov-Smirnov test.
Comparisons between groups were made using
the Student t-test and one-way ANOVA. Correla-
tion was evaluated by the Pearson's coefficient
test. All tests were two-sided. Statistical signifi-
cance was set at p < 0.05. Statistical analyses
were performed using the GraphPad Instat ver-
sion 3.06 for Windows (GraphPad Software, San
Diego, CA, USA)

Results

The effects of hyperemia, albuterol and NTG on
the heart rate and blood pressure were similar
and did not differ significantly from the values
observed at rest (Table 2). The hyperemia-in-
duced vasodilation led to a significant reduction
in Rlpye in comparison to the background values
(69 +2 % vs 64 + 2, p < 0.0001, Table 3). Similarly,
the administration of albuterol or NTG resulted in
a significant drop in the Rl (71 +2 % vs 67 + 2
%, p<0.0001 and 71 +2 % vs 58 £ 2 %, p < 0.0001
respectively, Table 3). There were no significant
differences between ARl,,.. and ARl (5.2 £ 0.8
% vs 4.6 + 1.0 %, p = 0.61, Figure 2). We observed
a significant correlation between small vessel
reactivity in response to albuterol and hyperemia
(r = 0.52, p = 0.01, Figure 3). Neither hyperemia
nor albuterol-induced changes in Rl correlated
with ARl (r=0.14,p=0.42 and r = 0.19, p = 0.27,
respectively). Rl did not correlate significantly
with age or systolic arterial pressure (data not
shown).

Table 2. Changes in heart rate and blood pressure after hyperemia, albuterol or nitroglycerine in

healthy subjects
Variable Rest* Hyperemia  Albuterol Ntg P+
Heart rate (beats/min) 67+2 6812 67+2 6712 0.7
Systolic blood pressure (mm Hg) 124 +2 12343 12412 123+2 09
Diastolic blood pressure (mm Hg) 771 7712 T7+2 762 0.9

* The values represent mean of background taken before hyperemia, albuterol and nitroglycerine chal-

lenge

** The variation among means was estimated by the one-way ANOVA

Table 3. Changes in Rl,,, measurement after hyperemia, albuterol or nitroglycerine

Variable Background Hyperemia Albuterol NTG P+
69+2 6412 - = 0.0001

Rlpye (%) 71+2 = 67+2 = 0.0001
71+2 = - 58+2 0.0001

* The mean of the differences was assessed by the paired t test

Hyperemia-induced vasodilation
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Figure 2. The difference in reflection indices after

hyperemia(ARly,.,) or albuterol induced vasodilation (ARI,;).
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Figure 3. Correlation between hyperemia (ARl,,,.) and al-
buterol induced vasodilation (ARI,;,)

Discussion

Endothelium plays a pivotal role in regulating vas-
cular function. Endothelial cells lining blood ves-
sels maintain a balance between vasoconstric-
tion and vasodilation, pro and anti-thrombotic
factors and pro and anti-inflammatory stimuli
[12]. Nitric oxide is an endothelium-derived vas-
orelaxing substance that plays a central role in
maintaining vascular tone and homeostasis [13].
Reduced bio-avaibility of nitric oxide is associat-
ed with impaired endothelium-dependent vaso-
dilation [14, 15]. Moreover this diminished vaso-
dilatory response is predictive of cardiovascular
complications or of cerebrovascular events in
patients with coronary artery disease [16, 17, 18].
The methods currently used for testing endothe-
lium-dependent vasodilation are not easily
applied, are time consuming and require consid-
erable skill in order to be adequately performed.
It has been shown recently that B,-adrenergic
receptor stimulation results in the release of nitric
oxide from endothelial cells. These receptors
are also present in the walls of coronary arter-
ies and are important in maintaining their vascu-

Journal of Medical Science 2019;88(1)

lar tone. As demonstrated by Chowienczyk et al.
[10] the administration of a B,-adrenergic agonist
(albuterol), both systematically and by inhalation,
led to significant changes in the Rl The action of
albuterol on Rl but not of NTG was attenuated by
Né-monomethyl-L-arginine (NO synthase inhibi-
tor). This led to the conclusion that the effects of
albuterol are mediated, in part, through the nitric
oxide pathway. Several studies have shown that
transient hyperemia, induced by postischemic
dilation of vascular beds distal to temporary occlu-
sion, is believed to be mediated by nitric oxide gen-
erated from endothelium. In our study the adminis-
tration of albuterol led to a significant drop in Rlpyp.
This observation is in accordance with that of oth-
ers [10, 19]. A similar change in the reflection index
was observed in our present study during the pos-
tischemic period following the release of temporary
occlusion of the brachial artery. Moreover, the Rly»
changes observed after albuterol-induced chal-
lenge correlated with the changes in the reflexion
index induced by hyperemia. This may suggest that
both are mediated, at least partly, by nitric oxide
dependent mechanisms. The NTG-induced drop in
Rlpye is mediated by an endothelium-independent
mechanism and did not correlate with the effects
of albuterol (Rl,;,) or hyperemia (Rlyy,e). Rl is
affected by several factors such as age, heart rate
or blood pressure. Here neither blood pressure nor
heart rate were significantly affected by albuterol,
hyperemia or NTG and we therefore conclude that
the changes in the DVP index was not caused by
these hemodynamic factors.

It is also noteworthy that there are some impor-
tant differences between albuterol-induced vasodi-
lation and the response to locally-produced hyper-
emia. Albuterol-induced vasorelaxation is caused
by reaction evoked in the systemic circulation.
Therefore it may be regarded as a measure of “gen-
eral endothelial health". Reactive hyperemia gener-
ated in one arm is also at least partly endothelium
— hence NO-dependent, but this reaction has local
character, therefore it is more likely to be influ-
enced by the metabolites generated locally in the
response to ischemia. These discrepancies may
account for the lack of higher than ~50% correlation
between both studied methods. However, it is pos-
sible that the information gained from the assess-
ment of locally induced hyperemia is to some extent
as useful as derived from systemic circulation. For
example flow-mediated dilation induced locally in



brachial artery appears to be suitable marker for
cardiovascular complication [6, 7].

Limitation of the study

In order to answer the question of to what extent
are the effects of hyperemia on Rl,, mediat-
ed through L-arginine-NO, it will be necessary
to examine this response in the presence and
absence of N®~-monomethyl-L-arginine — a nitric
oxide synthase inhibitor.

In summary, our study showed that changes
in the Reflexion Index caused by locally-induced
hyperemia are similar to those observed after
albuterol-challenge in the systemic circulation
and both are correlated.
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ABSTRACT

Introduction. Recent instrumentation and software advancement enabled to develop new, high-throughput
targeted metabolomics methods for in-depth exploration of metabolome in a quantitative manner.
Material and Methods. The presented targeted metabolomics approach allows to analyze both of serum
and CSF in the same way, with identical sample preparation procedures. The analyses were carried out
using high-performance liquid chromatography system coupled to triple quadrupole tandem mass spec-
trometer with electrospray ion source (LC-ESI-QqQ-MS/MS).

Results. The applied targeted metabolomics approach enabled to determine a wide panel of metabolites
from different chemical classes of compounds including: acylcarnitines, amino acids and biogenic amines,
glycerophospholipids, sphingolipids and sum of hexoses. Finally, 148 metabolites in serum and 57 in cer-
ebrospinal fluid were determined.

Conclusions. Here we presented the results of successful implementation of the method of analysis of
low-molecular weight compounds in human serum and CSF using targeted metabolomics. The evaluation
of selected groups of metabolites resulted in obtaining the mean concentrations of panel of metabolites in
serum and CSF, which gives a valuable information about the metabolome of these matrices.

Keywords: liquid chromatography, tandem mass spectrometry, flow injection analysis.
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Introduction

Metabolome, as a sum of small molecules which
reflects, both of genetic and environmental factors
affecting human's health at a given time, seems
to be a perfect tool for describing physiological or
pathological processes and in the result identify-
ing biomarkers or introducing personalized treat-
ment approach. To reach such important goals,
areliable and reproducible analytical methods are
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needed [1]. Until today, many different techniques
were employed to investigate human metabolome
such as separation techniques (gas chromatog-
raphy (GC), liquid chromatography (LC)) coupled
to mass spectrometry (MS) or nuclear magnetic
resonance (NMR) spectroscopy [2]. None of these
techniques seems to be perfect for reliable analy-
sis of the whole metabolome yet. Thus, research-
ers' efforts are focused on developing tools which
might enable identifying and quantifying as many



metabolites as possible. Until recently, untar-
geted metabolomics approach was prevailing in
discovery-based investigations, but today due to
instrumentation and software development we
can apply high-throughput targeted metabolom-
ics methods [3] to explore metabolome in a quan-
titative manner [4]. That approach allows the
researchers to skip time consuming step of iden-
tification of relevant metabolites — characteris-
tic for untargeted approach, and to focus on data
interpretation taking into account clinical needs
(e.g. data comparability to reference ranges).
The aim of the study was the application of tar-
geted metabolomics method allowing to analyze
wide spectrum of metabolites from five different
chemical classes of compounds in serum and
cerebrospinal fluid (CSF) from human subjects, in
the same way.

Material and Methods

Quantitative metabolomics of CSF and serum
covers wide spectrum of analytes form different
groups of compounds, including: 40 acylcarniti-

nes, 21 biogenic amines, 21 amino acids, 90 glyc-
erophospholipids (14 lysophosphatidylcholines
and 76 phosphatidylcholines), 15 sphingolip-
ids and sum of hexoses. It yields the total of 188
metabolites quantified simultaneously (Figure 1).
The assays were performed using AbsolutelDQ
p180 kit (Biocrates Life Sciences AG, Innsbruck,
Austria) according to standard operation proce-
dures. The methodology is based on 2-layers,
96-deepwell plate supplied by manufacturer, with
selected internal standards partially integrated
with filter layer of the plate.

10 serum and 10 CSF samples were analyzed.
All samples were collected from patients who
has no diagnosed nervous system disorders. The
research was performed in accordance with the
Declaration of Helsinki. All study subjects gave
written informed consent prior the sample collec-
tion. (Bioethics Committee of Poznan University
of Medical Sciences — Decision no. 821/16 and
206/17). First step of analytical workflow was to
add 10 pL of internal standards mixture contain-
ing rest of internal standards on the filter layer.
Then phosphate buffered saline, seven calibration
standards of different concentration and quality
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Figure 1. List of all metabolites analyzed using Absolute IDQ p180 methodology in FIA-MS/MS mode and LC-MS/MS mode
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controls samples (QC) were put in the respective
wells. 3 concentration levels (low, medium, high)
of QC samples were analyzed. Biological samples
were thawed in room temperature and pipetted
on the appropriate spots in amount of 10 yL and
30 pL of serum and CSF, respectively. The plate
was then dried under nitrogen flow for 30 min-
utes. During that time the derivatization agent
was prepared by vortexing rigorously 300 pL of
phenylisothiocyanate (PITC) with 5700 pL of mix-
ture of pyridine and ethanol in water (1:1:1). After
30-minutes of drying, 50 pL of derivatization
solution was put in each well. Covered plate was
left for 20-minutes incubation at room-tempera-
ture. Next the second round of drying under nitro-
gen flow was performed for 60 minutes. Then
300 pL of extraction solvent containg 5 mM of
ammonium acetate in methanol was pipetted to
each well, after which covered plate was shaken
at room temperature for 30 minutes using orbit-
al plate shaker at 450rpm. Subsequently sam-
ple extracts were passed through the filter layer
to the lower capture plate via nitrogen pressure.
Finally sample extract was split into two analo-
gous 96-well plates and diluted with 150 pL of
water and 400 pL of FIA mobile phase for LC-MS/
MS analysis and FIA-MS/MS analysis, respec-
tively. Each plate was sealed with silicone mat to
reduce evaporation and placed in autosampler.
The LC run as well as FIA run were carried out
using high-performance liquid chromatography
system 1260 Infinity (Agilent Technologies, San-
ta Clara, CA, USA) coupled to triple quadrupole
tandem mass spectrometer 4000 QTRAP (Sciex,
Framingham, MA, USA). Quantification of ami-
no acids and biogenic amines was preceded by
chromatographic separation (LC-MS/MS part)
using 0.2% solution of formic acid (phase A) and
0.2% formic acid in acetonitrile (phase B) at the
flow rate 0.5 mL/min. Gradient elution was as fol-
lows: 0—0.5 min, 100% phase A; 0.5—5.5 min, linear
to 5% phase A; 5.5-6.5 min holding at 5% phase
A; followed by returning to 100% phase A (6.5—
7.0 min); and finally 7.0-9.5 min, 100% phase A.
The chromatography was carried out on an ZOR-
BAX Eclipse XDB-C18 (3.0 x 100 mm, 3.5 pm) col-
umn (Agilent Technologies, Santa Clara, CA, USA),
with a pre-column (C18, 4.0 x 3.0 mm) Security-
Guard (Phenomenex, Torrance, CA, USA). In turn,
remaining metabolites were determined by inject-
ing sample into mobile phase, at isocratic flow,

Journal of Medical Science 2019;88(1)

directly to mass spectrometer (flow injection
analysis, FIA-MS/MS). These compounds were
analyzed by mass spectrometer only, bypassing
the chromatographic column, according to differ-
ent m/z ratios.

Data acquisition and quantification were per-
formed under control of Analyst 1.5.2 software
(Sciex, Framingham, MA, USA). Sample man-
agement and data processing were carried out
using MetIDQ version Boron software (Biocrates
Life Sciences AG, Innsbruck, Austria). In the next
step the raw data (obtained as chromatograph-
ic peaks) for QC samples and calibrators were
manually reviewed and peak integrations were
checked in order to validate the performance of
both acquisition and quantitation methods of
in-house MS-system. To confirm the reliability
of the results, the QC samples evaluation using
software build-in tool (MetVAL module, Biocrates
Life Sciences AG, Innsbruck, Austria) was per-
formed. Afterwards the concentrations of metab-
oliteswere calculated (uM) using MetSTAT mod-
ule (Biocrates Life Sciences AG, Innsbruck, Aus-
tria). The metabolites with 50% or more of miss-
ing data (concentration below limit of detection)
were excluded. Then, the remaining missing data
was replaced with half of minimal determined
concentration for appropriate metabolite.

Results

Two different matrices: serum and cerebrospinal
fluid from human subjects were analyzed using
targeted metabolomics approach, according to
manufacturer's operation procedures. Quality
assessment of the data was passed by QC sam-
ples analyzed in LC-MS/MS analysis, as well as
QC samples analyzed in FIA-MS/MS analysis
(all tested metabolites concentration levels were
within reference ranges), indicating satisfactory
accuracy and the performance of the method. In
subjects' sera 148 metabolites were determined,
including: 14 acylcarnitines, 21 amino acids, 13
biogenic amines, 84 glycerophospholipids, 15
sphingolipids and sum of hexoses. Conversely,
in CSF 57 metabolites were determined, and they
were as follow: 1 acylcarnitine, 18 amino acids,
5 biogenic amines, 23 glycerophospholipids, 9
sphingolipids and sum of hexoses (Table 1). It
corresponds to 78.72% (serum) and 30.32% (CSF)



Table 1. The number of metabolites determined in serum and cerebrospinal fluid

Biological matrix

. Metabolites included in Serum Cerebrospinal fluid
Groups of metabolites - - - -
the panel (No) Determined % ofdetermined  Determined % of determined
compounds (No) metabolites compounds (No) metabolites

Acylcarnitines 40 14 35,00 1 2,50
Aminoacids 21 21 100,00 18 85,71
Biogenic amines 21 13 61,90 5 23,81
Glycerophospholipids 90 84 93,33 23 25,56
Sphingolipids 15 15 100,00 9 60,00
Sum of hexoses 1 1 100,00 1 100,00
Total 188 148 78,72 57 30,32

of the total of 188 metabolites possible to quan-
titate with applied methodology. The full list of
determined metabolites is given in Table 2. All
possible amino acids and sphingolipids as well
as sum of hexoses, were determined in human
serum. In the remaining groups of compounds
some metabolites were not observed in serum

or they did not exceed limit of detection. Never-
theless, abovementioned targeted metabolomics
approach enables determining 35.0% acylcarni-
tines, 61.90% biogenic amines and 93.33% glyc-
erophospholipids amongst wider spectrum of
compounds. In case of CSF the applied approach
enables determining: sum of hexoses, 85.71%

Table 2. Metabolite concentrations determined in the biological matrices — serum and cerebrospinal fluid (means with standard
deviation (SD); minimum and maximum; pM)

Class of . Serum Cerebrospinal fluid
Metabolites
compounds Mean SD Minimum Maximum  Mean SD Minimum  Maximum
co 39.860 13.527 15.000 63.900 = - = -
Cc2 5.451 2.916 1.390 12.600 0.457 0.208 0.108 0.754
C3 0.313 0.100 0.167 0.454 = - = -
Cc4 0.159 0.049 0.095 0.242 = - = -
C5 0.103 0.030 0.048 0.150 = - = -
g? C10 0.215 0.117 0.084 0.402 = - = -
g c12:1 0.124 0.047 0.049 0.186 - - - -
38 C14 0.032 0.016 0.013 0.059 = - = -
5 C141 0.071 0.039 0.022 0.139 = - = -
C14:2 0.022 0.012 0.009 0.041 = - = -
C16 0.112 0.037 0.043 0.159 = - = -
C18 0.048 0.013 0.028 0.067 = - = -
C18:1 0.120 0.051 0.039 0.206 = - = -
C18:2 0.037 0.012 0.012 0.050 = - = -
Ala 396.200 70.345 311.000 516.000 30.040 9.076 21.700 49.000
Arg 123.280 14.584 97.800 141.000 22.800 2.827 18.800 26.500
Asn 54.230 8.545 38.700 68.800 6.590 1.146 4.500 8.200
Asp 28.730 7.001 18.600 38.700 = - = -
o Cit 28.650 6.521 19.900 40.900 2.041 0.561 1.460 3.230
2 Gln 676.600 94.663 448.000 789.000 521.700 92.959 437.000 733.000
g Glu 64.510 29.944 31.500 118.000 = - = -
E Gly 340.900 113.998 213.000 625.000 6.047 2.236 2.610 8.970
His 90.320 20.711 65.200 143.000 15.220 3.409 11.100 20.900
lle 73.400 10.456 60.800 89.100 6.633 2.730 3.900 12.400
Leu 141.700 21.375 118.000 184.000 15.300 571 9.270 26.200
Lys 213.200 25.879 162.000 252.000 34.920 6.411 27.900 46.000
Met 22.250 2.576 15.800 25.400 3.795 1.290 2.310 6.230
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Table 2. Contd.

Class of . Serum Cerebrospinal fluid
Metabolites
compounds Mean SD Minimum  Maximum Mean SD Minimum  Maximum

Orn 86.430 20.572 57.100 123.000 6.097 1.935 3.970 10.200
Phe 73.600 7.959 64.200 83.700 10.600 4.005 6.300 19.400

B Pro 212.200 66.758 115.000 314.000 = - = -
& Ser 144.160 26.215 94.600 183.000 28.260 4.085 23.300 36.000
.% Thr 122.110 20.364 94.000 153.000 30.600 6.439 21.300 41.300
< Trp 62.260 9.273 49.000 76.800 1.890 0.633 1.160 3.310
Tyr 61.880 12.507 47.800 89.500 8.932 3.087 5.470 14.400
Val 207.800 31.815 170.000 254.000 17.930 6.477 11.200 31.500

Ac—0rn 0.419 0.385 0.107 1.410 = - = -

ADMA 0.439 0.086 0.287 0.572 = - = -

Creatinine 85.120 12.080 69.300 105.000 68.790 13.983 44.300 90.700

Kynurenine 2.482 0.539 1.810 3.510 - - - -

§ Met-S0 0.651 0.261 0.390 1.190 = - = -
§ Putrescine 0.106 0.034 0.025 0.143 0.132 0.028 0.090 0177
2 SDMA 0.355 0.224 0.173 0.757 = - = -
“8’, Serotonin 0.662 0.349 0.052 1170 - - = -
@ Spermidine 0.144 0.041 0.086 0.220 = - = -
Spermine 0.148 0.004 0.141 0.156 = - = -
t4—0H—Pro 7.959 1.412 6.070 10.300 0.422 0.129 0.266 0.657
Taurine 128.800  44.465 74.800 199.000 6.260 0.877 4.900 7.430
total DMA 0.684 0.128 0.499 0.899 0.151 0.070 0.052 0.279
lysoPCaC16:0  92.670 17.678 68.300 120.000 = - = -
lysoPC a C16:1 2.586 1.165 1.460 4.760 = - = -
lysoPCaC17:.0  4.299 3.338 1.380 8.670 = - = -
lysoPCaC18:0  28.300 7132 20.300 42.600 = - = -
lysoPCaC18:1  18.160 4167 12.100 25.000 = - = -
lysoPCaC18:2  19.790 4.945 12.700 27100 - - - -
lysoPCaC20:3  2.165 0.756 1.360 3.630 = - = -
lysoPCaC20:4 7167 1.691 5.040 9.610 = - = -
lysoPCaC26:0  0.312 0.139 0.136 0.611 = - = -
lysoPC a C26:1 0.186 0.080 0.053 0.309 = - = -
lysoPCaC28:0 0.346 0.168 0.172 0.716 = - = -
lysoPC a C28:1 0.474 0.180 0.246 0.845 = - = -
PCaa C24:0 0.087 0.067 0.039 0.243 = - = -
g PC aa C28:1 2.653 0.899 1.370 4.250 = - = -
= PCaaC30:0 7.266 4.216 3.080 14.200 = - = -
-§_ PC aa C30:2 0.741 0.353 0.402 1.450 0.002 0.001 0.001 0.004
é PCaaC32:0 14.809 3.563 7.690 18.900 0.310 0.119 0.176 0.589
S PC aa C32:1 15.264 7.597 7170 32.500 0.104 0.030 0.060 0.162
§ PCaaC32:2 2.374 1.150 0.681 4.320 0.005 0.003 0.002 0.009
G PCaaC32:3 0.544 0.229 0.281 1.010 = - = -
PC aa C34:1 209.900 41.065 136.000  280.000 1.658 0.615 0.792 3.020
PCaaC34:2  303.200 68.618 143.000 397.000 0.120 0.125 0.031 0.367

PC aa C34:3 12.426 4.076 5.540 17.700 = - i -

PC aaC34:4 1.624 0.673 0.722 2.890 - - - -

PC aa C36:0 3.880 1.733 1.950 6.830 - - - -

PC aa C36:1 50.970 14.887 31.600 73.600 0.225 0.074 0.119 0.374

PC aa C36:2 182.910 53.762 85.100 287.000 0.202 0.069 0.107 0.318

PCaaC36:3  120.220 26.770 71.500 156.000 0.089 0.047 0.048 0.208

PCaaC36:4  187.600 35.991 112.000  233.000 0.210 0.078 0.110 0.366

PC aa C36:5 23.210 7.030 12.500 32.200 - - - -

PC aa C36:6 0.965 0.293 0.415 1.340 - - - -

PC aa C38:0 3.332 0.623 2.310 4120 - - - -

PC aa C38:1 1.189 0.508 0.201 2.150 0.006 0.004 0.003 0.013
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. inal flui
Class of Metabolites Serum Cerebrospinal fluid

compounds Mean SD Minimum  Maximum Mean SD Minimum  Maximum
PCaaC38:3 50.940 12.632 35.000 69.000 0.075 0.033 0.040 0.148
PCaaC38:4 107.970 24.259 69.900 143.000 0.211 0.068 0.119 0.326
PCaaC38:5 52.010 11.978 34.400 76.100 0.058 0.023 0.037 0.103
PC aaC38:6 90.610 15.929 71.200 114.000 0.078 0.029 0.041 0.117

PC aa C40:2 0.302 0.068 0.166 0.382 - - - -
PC aa C40:3 0.619 0.196 0.405 0.923 - - = -
PC aa C40:4 3.560 1.032 2.250 5.020 0.017 0.006 0.010 0.024
PC aa C40:5 9.881 2.927 6.590 15.400 - - - -
PC aa C40:6 30.280 4.597 23.400 37.000 - - - -
PC aa C42:0 0.597 0.142 0.401 0.864 - - - -
PC aa C42:1 0.291 0.062 0.207 0.401 - - - -
PC aa C42:2 0.241 0.052 0.151 0.326 - - - -
PC aa C42:4 0.197 0.045 0.136 0.269 - - - -
PC aa C42:5 0.352 0.100 0.217 0.566 - - - -
PC aa C42:6 0.461 0.169 0.160 0.738 - - - -
PC ae C30:0 0.459 0.165 0.282 0.744 - - - -
PC ae C30:1 0.380 0.203 0.182 0.829 - - = -
PC ae C32:1 2.458 0.564 1.390 3.590 0.020 0.007 0.011 0.031
PC ae C32:2 0.810 0.401 0.459 1.520 - - - -
PC ae C34:0 1.806 0.552 1.120 2.610 - - - -
PC ae C34:1 9.610 2.304 5.310 13.400 0.072 0.025 0.033 0.115
PC ae C34:2 9.781 3.198 3.750 15.700 0.053 0.020 0.023 0.084
PC ae C34:3 7.035 2.620 2.480 11.400 - - - -
PC ae C36:0 1.024 0.375 0.677 1.760 - - - -
PC ae C36:1 7.992 1.698 5.590 10.700 - - - -
PC ae C36:2 11.576 3.178 6.340 18.000 - - - -
PC ae C36:3 7.687 2.199 3.700 10.200 0.012 0.008 0.002 0.023
PC ae C36:4 18.869 5.013 8.390 26.300 - - - -
PC ae C36:5 18.060 8.069 10.600 32.000 0.057 0.050 0.014 0.151
PC ae C38:0 1.993 0.486 1.350 2.860 - - - -
PC ae C38:1 0.967 0.449 0.437 1.830 - - - -
PC ae C38:2 1.616 0.684 0.908 2.730 - - - -
PC ae C38:3 4.488 1.181 2.970 6.790 - - - -
PC ae C38:4 14.376 3.235 9.760 20.400 - - - -
PC ae C38:5 17.869 4.074 8.790 23.400 0.026 0.017 0.010 0.060
PC ae C38:6 8.255 1.793 4.290 10.600 0.010 0.006 0.004 0.022
PC ae C40:1 1.307 0.300 0.781 1.690 - - - -
PC ae C40:2 1.975 0.503 1.390 2.950 - - - -
PC ae C40:3 1.7 0.292 0.754 1.750 - - - -
PC ae C40:4 2.308 0.560 1.510 3.550 - - - -
PC ae C40:5 3.396 0.680 2.170 4.740 - - - -
PC ae C40:6 5.177 0.882 4.100 6.240 - - - -
PC ae C42:1 0.308 0.080 0.201 0.440 - - - -
PC ae C42:2 0.552 0.149 0.302 0.797 - - = -
PC ae C42:3 0.737 0.146 0.492 0.963 - - - -
PC ae C42:4 0.684 0.269 0.182 1.070 - - - -
PC ae C42:5 1.700 0.661 0.955 2.410 - - - -
PC ae C44:3 0.127 0.033 0.084 0.198 - - - -
PC ae C44:4 0.426 0.147 0.289 0.798 - - - -
PC ae C44:5 1913 0.661 1.150 3.580 - - - -
PC ae C44:6 1.270 0.427 0.681 2.130 - - - -

Glycerophospholipids
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Table 2. Contd.

Class of Serum Cerebrospinal fluid

d Metabolites — ;
compounds Mean SD Minimum  Maximum Mean SD

Minimum  Maximum
SM (OH) C14:1 4.420 1.879 1.980 7.540 = - = -

SM (OH) C16:1 3.023 1.016 1.940 4.840 0.007 0.007 0.001 0.021
SM (OH) C22:1  11.779 3.000 7100 17.300 0.019 0.006 0.010 0.030
SM(OH)C22:2  11.338 3.677 7.020 17.900 0.024 0.006 0.016 0.033
SM (OH) C24:1 1.142 0.332 0.702 1.750 = - = -

o SM C16:0 99.890 22.959 65.900 139.000 0.319 0.140 0.147 0.552
E SM C16:1 13.075 4911 7.560 23.700 0.034 0.016 0.010 0.062
§1 SM C18:0 22.480 4.706 19.100 33.100 0.338 0.121 0.185 0.544
= SM C18:1 11.338 3.519 8.040 19.200 0.080 0.028 0.036 0.115
@ SM C20:2 0.677 0.493 0.257 1.540 - - - -
SM C22:3 4.709 5538 0.443 14.100 - - - -
SM C24:0 20.330 6.065 12.800 30.200 0.049 0.028 0.028 0.116
SM C24:1 58.660 13.230 39.600 80.200 0.160 0.072 0.073 0.304
SM C26:0 0.153 0.059 0.091 0.278 - - - -
SM C26:1 0.463 0.127 0.331 0.705 - - - -
ﬁ::;‘;::s H1 5972.700 822.089 4480.000 6899.000 3756.500 552.259 2843.000 4497.000

amino acids, 60.00% sphingolipids, 25.56% glyc-
erophospholipids, 23.81% biogenic amines and
only 1 acylcarnitine, which corresponds to 2.50%
of all acylcarnitines included in panel.

It is easily seen that the quantification of 148
metabolites in serum and 57 in CSF has result
in changes of contribution of particular groups
of metabolites determined in both fluids com-
pared to their contribution in the whole set of 188
metabolites provided by the applied methodol-
ogy. Figure 2 presents the percentage of each of

A)

group metabolites in the spectrum of: 188 com-
pounds evaluated in applied methodology (Fig-
ure 2A); 148 metabolites determined in serum
(Figure 2B); 57 metabolites determined in CSF
(Figure 2C). The change in numbers of determined
acylcarnitines is the highest. Among 40 acylcar-
nitines possible to quantitate 14 was determined
in serum and only 1 in CSF, which corresponds
to 9% of metabolites of this group of compounds
quantified in serum and 2% of metabolites quan-
tified in CSF.

® Aminoacids

= Acylcarnitines
= Biogenic amines
® Sphingolipids

= Glycerophospholipids
® Sum of hexoses

Figure 2. The percentage of each group metabolites in the spectrum of: 188 compounds evaluated in applied methodology (A); 148
metabolites determined in serum (B); 57 metabolites determined in CSF (C)
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Discussion

As Aretz and Meierhofer [4] concluded, there is
no perfect tool, nor methodology, allowing to reli-
ably measure the entire metabolome at once.
Nowadays we distinguish two complementary
approaches in metabolomics: targeted metabolo-
mics focused on selected metabolite or groups of
metabolites [5, 6] and untargeted metabolomics
focused on global profiling of the metabolome [7],
very often without quantitative data [8]. Both of
them have their own advantages and pitfalls [4].

Here we presented the results of successful
implementation of method of the determination
of low-molecular weight compounds in human
serum and CSF. The assays were performed by
using hyphenated mass spectrometric tech-
niques: LC-MS/MS and FIA-MS/MS. This targeted
strategy has emerged as a satisfactory compro-
mise between wide spectrum of analyzed com-
pounds (characteristic for untargeted approach)
and highly selective and sensitive measurement
of selected compounds (targeted approach; MRM
mode). What is worth to emphasize, despite dif-
ferent composition of CSF and serum, present-
ed method allows to analyze both matrices in
the same way, with identical sample preparation
procedures. During the whole analysis the only
noteworthy difference between these matrices is
an amount of sample pipetted onto the 96-well
plate. It gives the invaluable tool for simultane-
ous analysis CSF and serum that might be cru-
cial for central nervous system (CNS) disorders
research. The better understanding of correlation
between CSF and serum metabolome as well as
the blood-brain barrier permeability for metabo-
lites in different medical conditions could contrib-
ute to reducing the number of invasive diagnostic
procedures such as lumbar puncture in the future
[9]. The limitation of the study is limited number
of analyzed samples resulting from invasiveness
of CSF collection. That is why we recommend to
analyze these data with respect to other metabo-
lomics cohort studies.

Presented results from implementation of
the method of evaluation of selected groups of
metabolites resulted in obtaining the mean con-
centrations of panel of metabolites in serum
and CSF, which gives a valuable information
about metabolome of these matrices for other
researchers focused directly on investigations

of e.g. central nervous system disorders. This is
crucial due to the fact of lacking wide-spectrum
targeted metabolomics data of both serum and
CSF from human subjects. And secondly, pre-
sented results are highly translatable and can be
easily compared through the application of wide-
ly used methodology with confirmed interlabo-
ratory reproducibility [10] and validation accord-
ing to European Medicine Agency Guideline [11].
To conclude, we successfully implemented tar-
geted metabolomics method allowing to analyze
both of serum and CSF in the same way, and we
applied it to analyze serum and CSF from human
subjects. Evaluation of 148 metabolites in serum
and 57 metabolites in CSF gives a tool for search-
ing for disturbances in metabolism and enables
determination of the broad variety of compound
classes and confirms usefulness of described
methodology for further studies on both serum
and CSF metabolome.
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ABSTRACT

Introduction. It has been suggested that serum vitamin E concentrations in CF patients may not properly
reflect the body resources of vitamin E. Therefore, we aimed to assess vitamin E status in CF adults relating
it to reference values for healthy subjects, also taking into account the a-tocopherol:cholesterol ratio.
Material and Methods. The study group was composed of 33 CF patients - 18 (54.5%) females and 15
(45.5%) males - aged from 18 to 47 years. In all CF patients nutritional status and clinical expression of dis-
ease - lung function; Pseudomonas aeruginosa colonization; diabetes; cirrhosis; exocrine pancreatic func-
tion and vitamin E supplementation were analyzed. Vitamin E (a-tocopherol) concentration was assessed
by high-performance liquid chromatography (HPLC).

Resuls. CF adults have lower vitamin E concentrations (median: 830 pg/dl vs. 1132 pg/dl, p = 0.00174) and
higher vitamin E: cholesterol ratio (median: 7.2 mg/g vs. 6.7 mg/g, p < 0.00001) than healthy subjects. The
underlying factor that determines this phenomenon is related to low cholesterol levels observed in CF
patients. The percentage of low vitamin E concentrations defined in comparison to healthy Polish peers is
considerably higher than low vitamin E:cholesterol ratios (39.4% vs. 21.2%, p = 0.0011).

Conclusions. The evaluation of a-tocopherol concentration instead of a-tocopherol:cholesterol ratio in CF
adults results in the overestimation of vitamin E deficiency. Moreover, there is also potentially a large per-
centage of individuals with excessive vitamin E body resources. However, this aspect demands further stu-
dies.

Keywords: fat-soluble vitamins, gastrointestinal diseases, pancreatitis, high-performance liquid chroma-
tography.

Introduction E:total lipid ratio may be preferable, but it is rarely

available. Some authors suggested that vitamin
It is difficult to determine the optimal markers of E concentration and vitamin E:cholesterol ratio
vitamin E body resources useful in the clinical in comparison with the healthy peer group may
care of cystic fibrosis (CF) patients. The vitamin be the appropriate way to evaluate the vitamin

Journal of Medical Science 2019;88(1)

21



E status in CF patients [1]. According to the cur-
rent data, it is unclear whether to assess vitamin
E concentration or vitamin E:cholesterol ratio as
biomarker for vitamin E status in CF [2]. Moreover,
the available evidence shows that age-dependent
reference ranges of vitamin E concentrations are
very different, which additionally hinders the cor-
rect classification of patients with a deficiency or
excessive levels of vitamin E [3—-6].

Therefore, in the present study, we aimed
to assess the body resources of vitamin E in
CF adults relating them to reference values for
healthy subjects, also taking into account the
a-tocopherol:.cholesterol ratio.

Material and Methods

Material

The study group was composed of 33 patients
with CF — 18 (54.5%) females and 15 (45.5%)
males — aged from 18 to 47 years. The diagnosis
was based on accepted guidelines [7, 8]. Muta-
tions in one or both alleles of the CFTR gene
were found in 31 patients (93.9%). The genotype
could not be identified in 2 (6.1%) patients. Eight
CF patients were homozygous for the muta-
tion F508del. In the other CF patients the fol-
lowing CFTR gene mutations were identified:
F508del/CFTRdele2,3(21kb) (n = 2), F508del/
3849+10kbC>T (n = 4), F508del/1717-1G>A (n = 1),
F508del/2184insA (n = 1), F508del/3659delC
(n =1), F508del/2183AA>G (n = 1), F508del/3121-
2A>G (n = 1), F508del/G551D (n = 1), F508del/
R334W (n = 1), F508del/R347P (n = 1),
A155P/3171insC(n=2),3849+10kbC>T/3600+1G>T
(h = 2), 3849+10kbC>T/W1282X (n = 1),
N1303K/3849+10kb (n = 1), F508del/- (n = 2),
Q1313X/- (n = 1).

In all CF patients nutritional status (standard-
ized body weight and height, serum albumin con-
centration), clinical expression of the disease and
vitamin E supplementation were analyzed. Clini-
cal assessment included: lung function (spirome-
try), biochemical markers of liver function (aspar-
tate transaminase — AST, alanine transaminase
— ALT, gamma-glutamyl transferase — GGT),
respiratory tract colonization by Pseudomonas
aeruginosa, diabetes, liver cirrhosis [9], exocrine
pancreatic function (fecal elastase-1 concentra-
tion) [10,11] and presented in Table 1.
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Table 1. Clinical parameters in CF patients
Median (19-3" quartile)
22.8(19.7-27.8)
-0.65 (-1.00- -0.11)
-0.24 (-1.00-0.25)
20.0(18.3-22.3)

Clinical parameters
Age [years]
Body weight (Z-score)
Body height (Z-score)
BMI (Z-score)

Albumin [g/dI] 3.9(3.7-41)
FEV1 [%] 67.0 (43.0-83.0)
ALT [U/L] 19 (14-30)
AST [U/L] 22 (17-26)
GGT[U/L] 15 (10-22)
Vitamin E dose [mg/day]* 100.0 (5.0-200.0)

?Median and 1st-3rd quartile for vitamin E dose were calculated for
all CF patients (receiving and not receiving vitamin E)

FEV1 — forced expiratory volume in 1 second; GGT, gam-
ma-glutamyl transferase; ALT, alanine transaminase; AST, aspar-
tate transaminase

Seventy-nine healthy subjects — 54 (68.4%)
females and 25 (31.6%) males — aged 18.5-29
years constituted the comparative group.

Twenty-four (72.7%) CF adults were pancreat-
ic insufficient. Liver cirrhosis was documented in
3 (9.1%) studied patients. Pseudomonas aerugi-
nosa had been isolated from the sputum at least
once within a 6-month period before the study
in 24 (72.7%) patients. Four (12.1%) subjects had
diabetes.

Eighteen (54.5%) CF adults were receiving
vitamin E according to existing recommendations
[2]. The dose ranged from 100.0-400.0 mg per
day (meantSD: 250.2 + 109.9 mg/day; median:
181.0; 1°-3" quartile: 181.0—-362.0). Seven (21.2%)
patients took vitamin E in very low doses (<15mg/
day), not recommended in CF, and 8 (24.3%)
patients did not receive any supplementation.

The study was conducted in accordance with
the Declaration of Helsinki. Written, informed con-
sent from patients (>16 years old) and patients'
parents (for patients under 16 years old) was col-
lected. The project was approved by the Bioethi-
cal Committee at Poznan University of Medical
Sciences (decisions no. 244/2012 and 200/2018).

Methods
Vitamin E (a-tocopherol) concentration was ana-
lyzed by high-performance liquid chromatogra-
phy (HPLC). Total cholesterol concentration was
determined in human serum using the Beckman
Coulter AU analyzer.

Normal vitamin E concentrations and
a-tocopherol:cholesterol ratios were defined by
using 5th to 95th percentile of the studied com-



parative group (healthy adult subjects). These cal analyses were carried out using StatSoft. Inc
values were used for a comparison with CF sub- (2014) STATISTICA (data analysis software sys-
jects. In addition, we used existing reference tem version 12).

values of vitamin E concentration for adults in

Poland (5.0-20.0 pg/ml / 500—2000 pg/dl) [3] and

Great Britain [5]. Results

CF adults have lower vitamin E concentrations

Statistical analysis and higher vitamin E:cholesterol ratio than healthy
subjects. The underlying factor that determines
The Mann-Whitney U test was used to assess this phenomenon is related to low cholesterol
differences between CF adults and healthy sub- levels observed in CF patients (Table 2).
jects regarding a-tocopherol concentrations, The distribution of vitamin E concentrations
a-tocopherol:total cholesterol ratio and choles- and of a-tocopherol:.cholesterol ratios in CF
terol levels. The Fisher's exact test was used to adults has been presented in Figure 1. Depending
estimate the accordance of the distribution of on the reference values used [3,5, own data from
vitamin E and vitamin E:cholesterol ratio. The the present study], low vitamin E concentrations
level of significance was set at p< 0.05. Statisti- were found in 4 (12.1%), 3 (9.1%) and 13 (39.4%) CF

Table 2. Comparison of a-tocopherol and cholesterol concentrations, and a-tocopherol:cholesterol
ratio between CF patients and healthy subjects

Median

(13" quartile) CFadults (N=33)  Healthy adults (N =79) p
830 1132
a-tocopherol [pg/dl] (640-1300) (987-1251) 0.00174
(274-2570)° (781-1510)
12 6.7
a-tocopherol:cholesterol [mg/g] (5.6-9.7) (6.0-7.3) <0.00001
(2.3-14.4) (5.3-7.9)
Cholesterol [mg/dI] (1113?53) (15;287) <0.00001

*<5™-95" percentile>
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Figure 1. Vitamin E concetrations and a-tocopherol:cholesterol ratios
in CF adults. A — Polish reference values of vitamin E concentration for
adults in Poland (Prészynska et al., 1991); B — British reference values
(Ford et al., 2006); C, D — normal vitamin E concentrations and normal
a-tocopherol:cholesterol ratios defined by using 5" to 95" percentile of the
comparative group (healthy adult subjects)

a-tocopherol concentration and a-tocopherol:cholesterol ratio in adult cystic fibrosis patients




24

patients, respectively. Similarly, high values were
documented in 3 (9.1%), 4 (12.1%) and 5 (15.2%) CF
patients, respectively.

What is worth noting, the percentage of low
vitamin E concentrations defined in comparison
to healthy Polish peers is considerably higher
than low vitamin E/cholesterol ratios (39.4% vs.
21.2%, p = 0.0011). The distribution of low/normal/
high results of both parameters has been pre-
sented in Table 3. The assessment of vitamin E
body resources based upon its concentrations in

According to the current data, the proper way
to assess vitamin E status in CF is still uncer-
tain [2]. Available evidence suggests that vita-
min E circulates in the blood bound to lipoprotein.
Therefore, it seems that vitamin E levels should be
estimated using the a-tocopherol to the total lipid
(cholesterol, triacylglycerol, phospholipid) ratio
[12, 13]. Unfortunately, the ratio a-tocopherol:total
lipid has rarely been clinically available [13].
Therefore, instead of a-tocopherol:total lipid it
is possible to use a-tocopherol.cholesterol ratio

Table 3. The distribution of low/normal/high results of a-tocopherol concentration and

a-toco-pherol:cholesterol ratio

a-tocopherol:cholesterol ratio [mg/g]

Low Normal High
Low 7212) 5(15.2) 1(3.0)
a-tocopherol concentration [ug/dl] ~ Normal 0 (0) 9(27.2) 6(18.2) 0.00008
High 0(0) 0(0) 5(15.2)

CF seems to result in the overestimation of occur-
ring deficits. We have found 7 (21.2%) CF adults
with low vitamin E concentration and low val-
ues of a-tocopherol:cholesterol ratios. However,
6 (18.2%) CF patients with low a-tocopherol lev-
els have normal or high a-tocopherol:.cholesterol
ratios.

Discussion

In the current study, we documented that
the measurement of a-tocopherol, instead of
a-tocopherol:cholesterol ratio in adults with CF
may overestimate vitamin E deficiency. Vitamin
E concentrations were significantly higher in
healthy subjects. However, after the correction
for cholesterol level this phenomenon appeared
to be apparent. In fact vitamin deficiency in CF
adults patients was less frequent that one could
assess based upon vitamin E levels exclusively.

We intentionally selected patients with varied
vitamin E supplementation to have the possibility
to assess patients with different vitamin E body
resources. In the studied group, there were sub-
jects not receiving vitamin E, and receiving it in
non-recommended doses. This study group does
not reflect the typical population of CF adults.
However, it allowed us to the reach the objective
of the study.
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for estimating vitamin E status [4]. The evalua-
tion of a-tocopherol:total lipid ratio may be rel-
evant when serum lipid levels are low (as it is
frequently in CF) because of falsely decreased
a-tocopherol concentrations [4]. Therefore, we
can expect that some patients may have low
a-tocopherol concentration and normal vitamin
E: lipid ratio or normal vitamin E concentration
and high a-tocopherol:lipid ratio. Ford et al. found
that 32 (56%) out of 57 subjects studied with
vitamin E deficiency had low a-tocopherol con-
centrations and normal a-tocopherol:cholesterol
ratio. They also documented two out of 457
non-CF patients with normal vitamin E levels
and low vitamin E:cholesterol ratio in their study.
Both of these patients (a 20-week-old child and
a 53-year-old male) had cholestasis. In the past,
normal vitamin E concentration and low vitamin
E:cholesterol ratio were described in patients
with chronic cholestasis and neurological symp-
toms of vitamin E deficiency [14]. In the pres-
ent study, we have not documented any of CF
adults with normal a-tocopherol levels and low
a-tocopherol:cholesterol ratios. Another impor-
tant issue is that normal values of vitamin E con-
centration differ between countries and publica-
tions. According to three different normal ranges
considered in the present study, vitamin deficien-
cy could be diagnosed in 12.1%, 9.1% and 39.4%,
respectively (Figure 1).



The consistency of a-tocopherol concentra-
tions and a-tocopherol:.cholesterol ratio in CF is
doubtful, as has been documented in the pres-
ent study. Ford et al. documented high con-
cordance — 92% and 99.5% respectively — of
results between a-tocopherol concentrations
and a-tocopherol:cholesterol ratio in all subjects
aged 11 days to 90 years and participants with
normal vitamin E status, respectively. However,
the percentage of concordant results in subjects
with vitamin E deficiency was only 42.0% [5].

In conclusion, the evaluation of a-tocopherol
concentration not a-tocopherol: cholesterol
ratio in CF adults results in the overestimation
of vitamin E deficiency. Moreover, there is also
potentially a large percentage of individuals with
excessive vitamin E body resources, when using
a-tocopherol:cholesterol ratio for estimating
vitamin E status. However, this aspect demands
further studies.
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ABSTRACT

Aim. There is a growing awareness in Polish society, that a healthy lifestyle and proper nutrition have pos-
itively affected in old age. This effect influences the increasing consumption of dietary supplements to
improve the health, however sometimes in an uncontrolled way. Taking above together the aim of this pre-
liminary study was to assess the prevalence of the use of dietary supplements in elderly women.

Material and Methods. The study was conducted on 95 elderly women aged 65 to 89 years. The partici-
pants were asked to complete a questionnaire about their physical activity as well as medicines and sup-
plements intake.

Results. Based on the questionnaire, it can be concluded that supplementation was common among the
tested group. The most frequently seniors used preparations to assist the circulatory system and diet sup-
plements. They also took this, supporting the work of the intestine, to assist urinary tract and the work of
heart. The decision to start of supplementation was most often taken under the influence of television
advertisements, pharmacy worker as well as from friends. There were statistically differences in presented
results between studying populations according to their age.

Conclusions. Important and essential is education of older people, concerning the appropriate use of die-

26

tary supplements, to make supplementation safe and distinct improvement in health.

Keywords: women, elderly, supplementation, physical activity.

Introduction

Dietary supplements are substances that task is
to enrich the normal diet with those components
to be undernourished. These are concentrat-
ed foods which can be a source of vitamins and
minerals or other substances, showing the effect
of nutrient or other physiological [1, 2]. They are
placed on the market in specific doses and in
various forms such as tablets, dragees, capsules,
drops, sachets of powder and liquid ampoules
[1-4]. Dietary supplements are usually low doses
of the active substance, what makes their impact
on the body is underestimated [3]. Those prepa-
rations are usually sells without a prescription.
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Seniors have used supplements in order to:
improve the nutrition of the body, enhance vital-
ity, improve concentration, condition hair, skin
and nails, delay the aging process, reduce the
risk of certain chronic diseases and to increase
its resistance. The application of vitamin supple-
mentation has a lot of positive reviews in the lit-
erature [5-7].

In nutrition practice there are a number of indi-
cations for dietary supplementation by persons in
old age. The use of supplements is recommended
to persons with impaired absorption of nutrients,
because of diseases or the use of certain medi-
cines (antibiotics, diuretics) [1, 8]. Dietary supple-
ments are also recommended to persons would



commit in daily practice dietary errors resulting
sometimes with economic difficulties and a limit-
ed supply of food, but often for the wrong dietary
habits or nutritional knowledge is insufficient [1].

There is a common opinion that dietary sup-
plements consumed by seniors have confirmed
the beneficial effect on their health and general
condition, as well as cognitive status and beauty
[6, 9]. There is no unambiguous evidence for this,
and the research seems to be unclear and con-
tradictory [10, 11]. The mainly benefits of vita-
min and mineral food supplements intake by the
elderly are the fortification of the nutritional defi-
ciency, commonly associated with age. On the
other hand, it should be noted that there are also
dangers arising from uncontrolled use of supple-
ments. Name here you need to egg. interactions
between nutrient supplements and drugs, chron-
ic adopted by this group of people, interactions
with food and very importantly — the ability to
overdose of supplementing substances.

Although some data suggests that the diet
supplementation affects more than 50% of adults
[8], even 75% [10], there is no data on it in the
elderly.

In the presented preliminary study the qual-
ity and quantity of medicines and supplements
used by elderly women were evaluated, as well as
declarative motivation for applying diet supple-
ments and the sources of the information about
its. Additionally, the frequency and preferable
form of physical activity among seniors in differ-
ent aging groups were examined, as a marker of
general health status of their.

Table 1. The characteristic of studying population

Material and Methods

The study was involved 95 elderly women aged
from 65 to 89 years old. The participants were
divided into 3 aged depended subgroups: 65-70
years 71-80 years 81-89 years (42, 32, 26%,
respectively).

The questionnaire method was applied in the
study as well as personal interview. The ques-
tionnaire form has contained 16 items (14 closed
questions and 2 open questions). In the interview
all questions were read to women and interview
was also based on the other questions on the
age, education, place of residence, marital status
and family life. Table 1 presents the character-
istic of studying population. The women partici-
pated in the study were mostly in higher educa-
tion (57%), lived in the cities with more than 50
thousand inhabitants (55%), and live alone more
than 5 years (53%). However, the totally all sub-
jects represented apparently good health condi-
tion, about half of studying population had some
problems. Most often women reported the fol-
lowing disorders: hypertension (60%), hyperc-
holesterolemia and cardiovascular (both 35%),
diabetes and arthritis (both 25%), and other (10%
— chronic small pain, depression, migraine etc.).
The number of reported diseases increases with
age. The 25% of the subjects was overweight. All
participants were asked about permission to par-
ticipate to the study and gave it.

To assess the frequency distribution of
data between groups according to the age the
chi-square test was applied.

Age groups

Total 65-70 71-80  81-89

(n=95) (n=40) (n=30) (n=25)
High education (%) 57 55 50 65
Residents of cities with more than 50 thousand inhabitants 55 45 60 60
Living alone more than 5 years (singles, divorces, widows) 53 55 60 40

Health conditions (%)

Hypertension 60 50 65 65
Hypercholesterolemia 35 30 35 35
Cardiovascular disease 35 20 30 50
Diabetes 25 25 20 25
Arthritis 25 15 30 30
Other 10 5 10 15
Overweight 25 30 25 20
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Results

The results obtained in this study are presented in
Tables 2—6. Table 2 shows the frequency of phys-
ical activity among seniors. In the vast majority
of respondents (79%) declared one of the forms
of physical activity: walking, fitness, swimming,
dancing or any other form such as: exercise at
the gym, playing team sports games or practicing
martial arts. There were observed the statistically
significant differences (p < 0,001) between wom-
en in different age in the frequency of physical
activity. About 50% of the oldest ladies declared
no activity, thus 20% the youngest. More than
twice a week the 70% of the youngest ladies train
a sport, thus no the oldest.

When it comes to the kind of physical activ-
ity, there were the 5 types of physical activ-
ity declared by women. The largest number of
seniors has granted to walks — 65% of total
active seniors (most popular in groups of women
above 71 years old — 40 and 40%, respectively),
various kinds of fitness exercise reported 35% of
respondents (50% of the youngest ladies), 26% of
respondents spoke about the dance, 12% swim-
ming, and 8% had other forms of activity (declared
only by youngest women).

Table 3 presents the detail information about
what medicaments respondents used chroni-
cally. Because of his age and condition of health,
respondents have used daily for more than one
type of drug. The most commonly used drugs
were popular on the pharmaceutical market pain

medication (70%). Almost half of the respondents
declared antiarrhythmic medicaments used
(49%). The drugs using for neutralizing the excess
of hydrochloric acid in the stomach were used by
38% of seniors, the antidiabetics drugs by 35%,
antihypertensives — 28%, drugs that improve
cerebral circulation — 25% and medicines against
osteoporosis — 22%. The smallest group of
respondents used antidepressants, anxiolytic
and hormones (5—7%). There were significant dif-
ferences between the groups of seniors accord-
ing to the age. In general, there was an increase
in the use of drugs in the oldest group, apart from
hormonal drugs (most popular in the youngest).

The total number of medicines and supplements
used by studying women is presented in Table 4. All
participants of the study declared using at least one
supplement. The statistically significant differenc-
es between age groups were observed (p < 0,001).
In the youngest ladies, more than 4 preparations
were used by 35 and 40% respectively, while in the
oldest — 70% of women regularly consumed daily
more than 4 preparations.

In accordance with its definition, dietary sup-
plements can be on the market in many forms.
Table 5 shows the preferences of seniors in
relation to the form in which most take dietary
supplements. It shows that the most frequently
adopted the form of the supplements are pills
(63%) and liquid form (21%). Less frequently while
they reach for effervescent tablets and drops (8%,
each). There were no differences between groups
according to the age.

Table 2. Physical activity among seniors according to the age

Total Age groups (% of total)
(n = 95) 65-70  71-80  81-89
(n=40) (n=30) (n=25)
No activity 21 20 30 50
Frequency of Once a week 47 20 65 15
physical activity  Twice a week 16 40 30 30
More than twice 16 70 30 0
Statistics x*=49,1,p<0,001
Total Age groups (% of total)
(n=75) 65-70  71-80  81-89
(n=36) (n=24) (n=15)
Walk 65 20 40 40
Forms of Fitness 35 50 25 25
preferable Dance 26 50 40 10
physical activity  Swimming 12 40 50 10
Other 8 100 0 0

Statistics

- =52,3;p<0,001
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Table 3. Groups of medicines lengthily applied by seniors (% of population) according to the age

Total Age groups (% of total)
Parameters (1=95) 6570  71-80  81-89
1. Painkillers 70 25 30 45
2. Antiarrhythmic 49 20 35 45
3. Neutralizing the excess of acids 38 30 45 25
4.  Anti-diabetics 35 10 25 65
5. Anti-hypertensive 28 35 35 30
6. Improving cerebral circulation 25 35 35 30
7. Anti-osteoporosis 22 40 35 25
8. Analgesics and febrifugal 18 30 35 35
9. Antineoplastic agents 8 5 25 70
10. Antidepressants 8 10 70 20
11.  Hormones 7 70 20 10
12.  Anxiolytics 7 10 50 40
13. Other 5 70 15 15
Statistic x*=1287;p<0,001

Table 4. The number of regular daily intake of the medicines and supplement according to the age of seniors

Age groups
65-70 71-80 81-89
(n=40) (n=30) (n=25)
Number of preparations >4 2-3 1 >4 2-3 1 >4 2-3 1
Percentage of population 35 25 40 40 30 30 70 20 10
Statistic x> =34,3;p < 0,001

Table 5 shows also the motivation of seniors
for applying diet supplementation and sourc-
es of information on its. The five purposes for
which older people use supplements in their diet
appropriate pharmaceuticals were highlighted.
These were: dietary supplementation in minerals
and vitamins (27%), complement deficiencies of
nutrients caused by chronic use of medications
(23%), to improve the health and wellbeing (21%),
to improve the external appearance (12%), and
general improvement of the good condition (17%).
The motivation for applying diet supplementation
was significantly different in the aging groups
(p < 0,001). Although the youngest women also
pay attention to such reason as filling the min-
eral and vitamin deficits or filling up the deficits
caused by drugs, it is also important for them to
look after their beauty. This reason is poorly rep-
resented in the group of the oldest women (5%).

After the analysis of the sources of information
about dietary supplements in studying seniors
(Table 5), it was found that the greatest effective-
ness of the information about specific dietary sup-
plements is TV advertisements (30%). The same

group of respondents obtain needed information
from pharmacists and friends (including) (20%),
doctors and press (15%). A worrying situation is the
fact that none of the interviewees did not provide
that information on the necessary and appropriate
for the body's dietary supplements received during
consultation with a nutritionist. The oldest ladies
as a source of information about supplements
declared TV advertisements (45%) and pharmacy
workers (30%), while the youngest mostly based
on the information from friends (25%). There were
statistically significant differences (p < 0,001).

Table 6 presents the characteristic of the sup-
plements used by seniors. Seniors most often
declared using the preparations to assist the cir-
culatory system (45%, mostly by the oldest wom-
en — 45% and 30% the youngest) and diet supple-
mentation (43%, mostly by the youngest women
— 50%, while only 20% of the oldest). Almost 20%
of seniors declared using the preparations sup-
perting their intestine (mostly women over 71
years old — 80%). There were statistically sig-
nificant differences between studying group of
women depend on their age (p < 0,001).
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Similar differences between elderly women were more likely to buy vitamins an dminerals

depend on their age in the most commonly used (70%), pro- and prebiotics (55%), the oldest ladies
commertial preparations were observed in this put on the natural preparations (ginko biloba —
study (p < 0,001). However the youngest women 55%, cranberry — 45%).

Table 5. The characteristic of the most popular forms of the supplements, motivation to use and source of information
about supplements (% of population)

Total Age groups (% of group)
(n=95) 65-70 71-80  81-89
Preferences for the form of applicable supplements

Pills 63 65 60 65
Liquid form 21 18 24 20
Drops 8 10 6 7
Effervescent tablets 8 7 10 8
Statistic n.S.
Motivation for applying diet supplementation
Dietary supplementation in deficits components (minerals and vitamins) 27 30 25 26
Supplementation of drug induced deficiency 23 25 15 30
Improvement in the health and well being 21 5 33 22
Improvement to the external appearance (hair, skin, nails) 12 20 12 5
General improvement of good health and physical activity 17 20 15 17
Statistic x*=35,3; p < 0,001
Sources of the information on dietary supplements

TV advertisements 30 25 20 45
Pharmacy 20 10 20 30
Friends 20 30 25 5
Doctors 15 15 15 15
Press, internet 15 20 20 5
Statistic 1*=49,2; p< 0,001

Table 6.The characteristic of the supplements used by seniors

Total Age groups (% of total)
Parameters (1=95) 65-70 71-80 81-89
The type of supplements
1. Preparations to assist the circulatory system 45 30 25 45
2. Diets supplements 43 50 30 20
3. Preparations supporting the work of the intestine 20 20 50 30
4. Preparations to assist urinary tract 18 30 35 35
5. Preparation to assist the work of heart 15 25 25 50
6. Preparations supporting the bacterial micro-flora 12 30 40 30
7. Preparations to assist the memory 10 20 30 50
Statistic v*=45,4;p<0,001
The most commonly used commertial preparations

1. Diosmin 45 40 35 35
2. Vitamins and minerals 43 70 15 15
3. Prebiotics and probiotics 30 55 25 20
4. Glucosamine 23 35 40 25
5. Herbs 22 30 35 35
6. Omega-3 fatty acids 15 40 40 20
7. White mulberry 15 45 40 15
8. Cranberry 10 10 45 45
9. Ginko hiloba 10 25 20 55
10. Lecithin 10 20 55 25
Statistic v*=165,9;p < 0,001
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Discussion

In recent times there has been a significant
development of civilization and has evolved to
medicine. This has contributed to the extension
of the life of society [5, 9]. In modern times it is
observed considerable diversity of older people
in conditions of health, cultural characteristics,
socio-demographic and economic [9, 12]. The
western society is ageing. The increasing number
of the older people in the population is starting
to be seen as problematic and has an effect on
the occurrence of unfavourable attitudes towards
that group. Despite this state of affairs are taken
action to change so negative perception of older
people. Makes to society, that aging is a natural
turn things and is the next phase of life [1, 13].

An aging society requires increase atten-
tion to the health problem of elderly people. In
modern society more and more popular to use
dietary supplements next to recommended drugs
is becoming more and more popular among the
elderly population. Although there is few data
about supplementation of the oldest group of
society, some of the authors are in the opinion
that 50 — 70% adults take dietary supplements [8,
10]. In this paper we asked almost 100 old ladies
about using the dietary supplements, and all of
them answer positive. There is similar as reported
by other Polish authors that the supplements in
Poland are over-consumed [1, 6, 14]. On the other
hand Katuzna et al. [6] showed the positive effect
on the condition of health of the elderly the vita-
min and mineral supplementation. This observa-
tion is similar to the those presented by PolSenior
population study reported by Bogusz et al [9] who
were made a study of physical health of older
people. This study shows that the health status
of seniors has improved in recent years, especial-
ly in seniors between 65 and 79 years old.

Kaczmarczyk and Trafiatek [15] are in the opin-
ion that physical activity of seniors is not greater,
although they have more free time than younger.
It focuses mainly on helping in the daily chores,
children and grandchildren. The process of acti-
vation of elderly is slow, but it should be consid-
ered to be incremental. This is confirmed by the
results presented in this paper. Seniors declared
a different forms of physical activity: walking, fit-
ness exercises, swimming, dancing and other
activities. Frequency of physical activity declared

by the respondents in the vast majority of at
least once a week. Just ca. 21% of respondents
showed no additional physical activity. Obser-
vation in this aspect are very optimistic, how-
ever frequency of even small intensive activity
was decreased with aged, and more than half of
the oldest ladies have not trained, what was not
reason of bad health condition. This results are
correspond with worldwide general observation
about low physical activity of seniors, especially
women [12, 15].

The presented study found that supplemen-
tation is common among older people. The use
of dietary supplements was not dependent on
age, education, or place of residents. Brzozo-
wska et al. [1] were found that at the turn of the
years in the US has changed only the percentage
of people using dietary supplementation in vita-
min-mineral substances, but all the time inter-
est in the supplementation exists. Currently, both
women and men use dietary supplements.

Interviewed people from a research group
not noted for visits to a nutritionist or a doctor
to determine the level of vitamins and minerals
in their body. Motivation to use a dietary supple-
ment was overwhelmingly catchy TV commer-
cial. This situation is quite dangerous and wor-
rying, since inappropriate use of vitamin-mineral
can cause the opposite effect intended and affect
the health of the elderly. This can be a reason of
increase number of preparations with age. Simi-
larly, Katuza et al. [6] have established that often
use vitamin preparations by the elderly was
improper. It was suggested to increase the level
of education of older people in terms of the rules
of application of supplementation. To similar
conclusions reached Sygnowska and Waskiewicz
[7]. Based on this research claimed that dietary
supplementation by vitamins and minerals can
impact favourably on the body of elderly but
without consulting your doctor or nutritionist its
activity can cause severe side effects (including
overdose of vitamins and mineral substances).
More than 70% of European adults use different
dietary supplements [10], however this number
can be enlarged with age [8, 10, 16]. The using
of the medicines are also larger in elderly than
in younger population [8, 12, 17] what is associ-
ated with chronic disease in this population. In
presented study the women aged above 80 years
consumed more than four different drugs and
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supplements a day, mostly painkillers and min-
erals, and vitamins. On the other hand it was not
observed extremely large number of diseases in
this sub-group than in younger women (below 80
years old). It could suggests that the over-con-
sumed of preparations in this age is not caused
by currently diseases.

Another problem in this work was to deter-
mine the source of the benefit of knowledge about
dietary supplements and motivation, which follow
the seniors when choosing a specific paraphar-
macy products. It was found that by far the best
source of knowledge about dietary supplements
for respondents are TV commercials, followed
by pharmacists and the least significant is the
press. Very few only sought on this issue applies
to a doctor. Confirmation of such results it has
been found in the work of Ulatowskiej-Szostak
[18]. This author carried out a study on the effect
of advertising on purchase of parapharmacy
products and vitamin preparations. Confirmed
that a significant proportion of patients purchase
dietary supplements under the influence of the
ads, and only a small group of patients looking
for additional information on their purchase. Sub-
sequent researchers Saran and Duda [14] have
shown that the main source of knowledge about
the dietary supplements are television commer-
cials, and only after them in order: press, doctors,
and only at the end of the pharmacists. Wojciak
et al. [4] compared the nutritional knowledge of
elderly with their nutritional status and depres-
sion symptoms. They found that seniors were
characterized by low nutritional knowledge what
was evidently associated with their health pre-
sented by nutritional status (including iron defi-
ciency anemia). The worldwide authors presents
similar observations [3, 8, 14]. The aggressive
advertisement, TV, press, leaflets, are everywhere
and promise good health and long life.

In this work, as the cause of the dietary sup-
plementation was administered a desire to sup-
plement diets in vitamins and minerals, and
supplement the shortages incurred as a result
of chronic use of drugs. These statements were
consistent with the experiences carried out in
other universities in Poland. Study of Saran and
Duda [2] confirmed obtained in studies tend on
the reasons for the use of dietary supplements.

The last evaluation parameter was the impact
of dietary supplement on the condition of health
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of the respondents. According to more than half
of the surveyed, supplementation did not bring
the economic changes in their well-being. Just
about 30% of seniors observed beneficial effects
of supplementation on their health. Brzozows-
ka et al. [1] in his work found that the results of
research on the use of dietary supplements and
their positive or negative action on the body of an
older person were ambiguous and, therefore, it
was suggested to continue research on this topic
among people in this age. As an important note
the need for nutrition education of older people,
also by professionally dealing with this subject
specialists in the field as dietetics and human
nutrition. Knowledge about the dietary supple-
mentation and all sorts of nutrients should be
updated continuously, and the way in which the
older people adjusted adapted to each senior in
accordance with his perception [4, 14].

At the end seniors were asked about the
impact of used dietary supplements in their cur-
rent condition of health. It turned out that more
than half of the surveyed (51%) did not find any
difference in health condition after applying
dietary supplement. 38% of respondents noted
that the vast health and beneficial effect of sup-
plementation. Other respondents felt that the
effect of nutritional supplementation on their
condition of health was only halftime (not fully
met expectations of tested older person in rela-
tion to nutritional supplements). So, what for the
elderly people over-consume the supplements,
this is the question.

Conclusions

To sum up, the presented work surveys can draw
the following conclusions about dietary supple-
mentation among old ladies in Poland. The use of
dietary supplements is widespread and all sub-
jects used it, even every day. The process of acti-
vation of ageing is slow, but it should be consid-
ered for growth. For the vast majority of respon-
dents frequency of different forms of physical
activity was not less than 1 time per week. How-
ever is independent on the health status. Insuf-
ficient knowledge about the actual condition
of their own health and the necessity of taking
dietary supplements may cause their effects on
the body of an elderly person it is imperceptible



for itself. Disturbing is the fact that most elderly
people decide to purchase dietary supplements
without consulting with professionals, so doc-
tors and nutritionists, and the desire and need to
buy a specific parapharmacy products is caused
mainly by advertising on television. It should be
suggested increasing the education level of older
people in the principles of supplementation.
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ABSTRACT

Introduction. Posturograph tests are used to assess the vestibular reflex, which can be helpful for special-
ists who analyze body balance disorders. Despite many studies on the stability of body posture in pediatric
patients, there is still a lack of reliable analysis.

Aim. Performing a review of the literature to verify the relationship between balance and body posture
as well as stomatognathic system as a part of motor system and the craniofacial complex using a pos-
turograph.

Material and Methods. A review of the literature has been carried out for the posturographic examination
as a diagnostic tool. The following work is for reference only. A review of the Google Schoolar database and
PubMed was made. Keywords used in the search are: (children) and (posturography, posture control, bal-
ance, temporomandibular joint). The authors took into account reports published in Polish and English. For
the purposes of this review, strict criteria for the inclusion and exclusion of research work have been cre-
ated.

Results. The authors analyzed 335 research papers, of which 5 articles were qualified after the analysis.
Studies show that there is a relationship between posturographic examination and postural disorders in
children. However, the results are not conclusive and further research is necessary before these results can
be considered as fully generalized.

Summary. It is necessary to standardize the research using a posturograph. There is a need for further
research due to the lack of standardized measurements showing norms for individual age groups.

Keywords: children, posturography, postural control, balance, temporomandibular joint.

Introduction
cient control of body balance [2]. The cervical
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Body balance is defined as maintaining and
recovering a stable position. Postural control as
a sense of balance is a compilation of variety
of mechanisms related to the work of, sensory,
muscular, skeletal and nervous systems [1]. Pos-
turographic examination can be used as an easy
and quick way to determine if a child has suffi-
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spine is closely related to body balance as a part
of the body which connects the skull with the
masticatory system and the trunk through mus-
cle connections and bones articulations. Many
ailments within the facial part of the skull are
most often the result of disorders within the tem-
poromandibular joint and masticatory muscles.



In addition, diseases associated with the tem-
poromandibular region reveal a number of clini-
cal symptoms. These are three main disorders
of this region called the "triad of dysfunctions”,
which are the most common ailments such as:
myofascial pain, disorders in the temporoman-
dibular joint and changes in the cervical spine
[3]. Dysfunctions in body posture in patients with
temporomandibular disorders are a controversial
issue in the literature. Many researchers point to
muscle origin as one of the etiological factors
that mainly affects position of the head [4]. The
aim of the work is to verify the reports showing
the relationship between balance and body pos-
ture, and the facial and cranial complex using

Material and Methods

A review of the literature has been carried out
in terms of the effectiveness of posturographic
examination as a diagnostic tool in children. This
work is a review article as an example of meta-
nalysis. The PubMed and Google Schoolar data-
base has been reviewed. Keywords used in the
search were: (children) and (posturography, pos-
tural control, balance, temporomandibular joint).
The study inclusion criteria were:
1. Participants in selected analyzes were chil-
dren in the age of 2 to 18 years old.
2. The participants of the studies were subject-
ed to the analysis of static bipedal posturog-

a posturograph.

Table 1. Characteristics of individual research works

raphy.

Research Type of

Author Research goal Result Conclusion
group posturograph

Barozzi 173 6-14  Standard Checking the credi-  Velocity and area decreased sig-  The results can be used as
etal, people years Vestibology bility of the test-re- nificantly with age, which indi-  a reference point for early
2014 Platform test against postural cates an improvement in attitude detection of postural disor-

control measure- control from childhood to adoles- ders, to assess dizziness

ments to obtain nor- cence. and balance problems.

mative values.
Roggia 109 8-12  Softwareof  Assessment of body Children with open mouth show By posturographic exami-
etal, people years Posture posture and balance changes in attitude towards chil- nation, it is possible to de-
2015 Analysis in patients with dren breathing through the nose, tect imbalances earlier.

- SAPO open and closed mainly in the positioning of the

mouth breathing, as  knee joint. Body balance in the

well as checking if ~ group of children with open

there is a correlation mouth showed a greater disorder

between the values  compared to the group of chil-

obtained in this as-  dren breathing through the nose.

sessmentandthe A correlation was found between

values of sensory the position of the head and vari-

systems analysis.  ous sensory systems.
Lara 80 6-7  EquiTest To examine the rela- In some of the subjects, there The study shows that over-
etal, people years System-— tionship between were connections between the ~ weight can have a negative
2017 NeuroCom posture balance and greater body weight and values  effect

International  anthropometric in-  below the norm, which indicates  stability of the body pos-
dicators in primary  that anthropometric indicators ture of children.
school students. influenced the balance of posture
in children.

Mason 41 people 6-12  Bertec force  Evaluation of the A correlation was found between It was found that changes
etal, years plates FP impact of rapid pal-  the occlusion of the teeth and the in the jaws affect the entire
2018 4060-10 atal dilation on pos- posture of the body mainly dur-  body.

ture and gait analy-  ing dynamic analysis.

sis in people with

jaw disorders.
Leroux 7 people 15-17 Cyber-Sabots, Evaluation of the ef- The study showed a negative ef-  Regular tests should be
etal., years SABOSOFT fect of dental occlu- fect of occlusion disorders on carried out for malocclu-
2018 software sion on the posture  sports performance in young sion. In cases where de-

of young rowers.

rowers.

fects are detected, an orth-
odontic treatment plan
should be implemented
that could improve the per-
formance of athletes.
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3. Researchers of particular articles were to
show the relationship between the child's
body's center of gravity in relation to a given
group in relation to age.

4. Original articles in English or Polish were
accepted for analysis.

The researchers considered the exclusion cri-
teria as follows:

1. Postural examination of children with hearing
or pattern defects.

The search strategy resulted in 335 reports
in all databases. In order to obtain the latest
research, articles from the last 5 years have been
qualified. Referring inclusion and exclusion crite-
ria we took into concideration 5 articles.

Results

In three works, researchers: Barozzi et al., Rog-
gia et al.,, Lara et al., emphasized the necessity
to introduce standardized research using a pos-
turograph for specific age groups in children and
adolescents. In addition, Manson et al., As well as
Leroux et al., Noted the correlation between den-
tal occlusion and postural disorders.

According to the authors of this work, the pre-
sented studies have connections between facial
and cranial disorders, balance and changes in
body posture. By examining body balance disor-
ders using a posturograph in children, for exam-
ple with anthropometric disorders, abnormal
results were observed, which may be related to
the immaturity of postural control or with postur-
al disorders. Abnormalities associated with pos-
ture may cause changes in the facial and cranial
area. However, the researchers emphasize the
lack of sufficient scientific evidence to support
a cause-and-effect relationship. Most of the sci-
entific research is carried out without taking into
account the control group.

Discussion

Currently, easy access to scientific research
allows quick and common access to knowledge.
However, the content of the research work should
be carefully analyzed to avoid erroneous conclu-
sions. The following discussion concerns select-
ed studies that show the relationship between
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the facial and cranial complex and the posture of
the body. The authors of this work try to present
the purpose and usefulness of selected research
in clinical practice. The relationship between bite
defects and body posture has been discussed in
recent decades, but there is still a lack of consen-
sus in the available literature. So far, there have
only been references to the correlation between
the existing links between postural disorders
and malocclusion [5]. Kopczynski et al. empha-
sized that the practical application of computer
dynamic posturography in dental examination
in terms of orthodontics is an important topic
of clinical research in relation to the obtained cor-
relation between postural defect and malocclu-
sion [6]. The changes occurring within the facial
part of the skull have a significant impact on the
position of the vertebrae in the cervical region.
As a result of disorders in the upper part of the
spine, further dysfunctions appear. Complex
mechanisms controlled by the senses, namely
the somatosensory, visual vestibular system are
integrated in the central nervous system. Accord-
ing to Shumway-Cook et al., changes in the sen-
sory system may affect the posture of the body
[7]. The area of the facial part of the skull may be
related to the posture of the body. Disorders in
the facial part of the skull can lead to adaptation
in some body structures, where the pain of the
patient is minimized, and reconstructs the zones
of musculoskeletal stress. These adaptations, if
not corrected, may cause deviations in the cor-
rect posture [8]. Galasso emphasized the impor-
tance of: skulls, teeth and cervical spine, which
together form a functional unit inextricably linked
to the position of the body. It should therefore be
remembered that any oral action can affect the
whole body. At the same time, we distinguish
three intersections: the cervical spine, the man-
dible and the hyoid bone, which in turn is closely
related to the tongue. Everything that happens in
the mouth, through thetemporomandibular joints,
thus affects the shoulder girdle, the spine and the
feet and vice versa [9]. Barozzi et al. observed
that with age, there is an improvement in postural
control. It is possible to obtain reliable informa-
tion on posture stability in children and adoles-
cents using posturographic parameters. These
data can be used as a reference point for early
detection of abnormal postural development, diz-
ziness and disturbances in children [10]. Roggia



et al. noticed changes in body posture in school-
children who breathe open-mouthed compared
to breathing people with their mouths closed.
Researchers found that there is a correlation
between the position of the head and different
sensory systems which causes changes in the
resting position of the mandible [11]. As report-
ed by Lara et al., overweight can have a negative
effect on the stability of the children's attitude.
This may be a warning regarding disorders that
cause obesity for the child's development [12].
Manson et al. found a relationship between the
use of a single-jaw orthodontic braces with body
posture. It should be noted that there was a large
correlation between the improvement of gait
and proper adjustment of the device to the jaw.
Therefore, the study shows a detectable relation-
ship between body posture and dental occlusion
in the age range of the subjects [13]. Leroux et al.,
did not observe changes in postural disorders in
adolescents who practice rowing. However, the
study group showed disorders in temporoman-
dibular joints. It can be assumed that malocclu-
sion affects the body balance only after a longer
period of neuronal integration [14]. The assess-
ment of postural disorders in patients with dys-
functions within the facial and cranial complex
is of fundamental importance for prophylaxis
and control as well as for appropriate treatment.
According to Malak et al., posturographic assess-
ment may be helpful for physicians, dentists and
physiotherapists, especially during diagnosis,
and thus in the selection of the best functional
rehabilitation techniques. Early detection of pos-
tural disorders makes it possible to prevent the
progress of postural defects and their conse-
quences [15].

Conclusions

Scientific literature indicates that there is a rela-
tionship between the cervical spine, the facial
and cranial complex and the posture of the body
in relation to the control of body balance in pos-
turographic examination. However, the results
are not conclusive and further research is nec-
essary. There is a need to deepen research and
further work on the subject of masticatory sys-
tem disorders, and the results of posturographic
examination. Due to the occurrence of measure-

ment discrepancies, it is necessary to standard-
ize measurements using posturographs.
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ABSTRACT

The health care system in the State of Israel consists of two sectors — the public sector, which includes
government-owned hospitals and medical institutes. The public health sector includes the community
health system, health funds, family medicine, the general care system and the mental health care system.
The second sector is the private sector, which includes private hospitals and medical institutes. Both sec-
tors are supervised by the Israeli Ministry of Health, which is the supreme governmental authority through
which it implements its policy in the entire health system in Israel. The law provides and guarantees medi-
cal insurance for every resident of Israel, the right to receive medical treatment, the prohibition of discrimi-
nation, informed consent to medical treatment, the right to receive an additional medical opinion, the digni-
ty and privacy of the patient and the right to attend. Health funds in Israel were established before the State
of Israel was established. The ideological concept of the health funds was based on the principle of equal-
ity and mutual assistance.

Keywords: Ministry of Health, Patient Rights Law, hospitals, health founds, public health services, private

health services.

Introduction

The health system in Israel is very modern and
efficient. At the same time, it copes with a large
number of challenges and is constantly required
to improve and adapt itself to changing conditions
and needs. It seems valuable to present the health
care system in Israel to enable comparisons with
other systems operating throughout the world.
It gives an opportunity to find some strong and
week sites of compared systems and it enables to
improve health care systems in other countries.
The health system in the State of Israel is
comprised of several large organizations that
operate health services. Mainly the public health
system is financed from tax money and from
the government budget. All citizens of Israel are
granted the right from birth to join one of the four
official health services and thus enjoy basic med-
ical coverage. However, coverage can be expand-

ed by purchasing private health insurance. The
public health system is intended to provide medi-
cal services to the population in a routine man-
ner. For example, preventative health care in clin-
ics, health treatments and institutes, commu-
nity rehabilitation, and various health promotion
activities such as family planning, physical activ-
ity, and a healthy lifestyle.

Israel has a large number of hospitals that are
scattered throughout the country. According to the
distribution of the population in Israel, most of the
hospitals are located in the central region. Some
hospitals are general — that they are intended to
treat a wide range of medical conditions and oth-
ers are designated for a particular type of medical
condition. The Ministry of Health serves as a reg-
ulator and service provider and is the governmen-
tal body responsible for ensuring the health of the
population. Its ministerial duties include super-
vision and control, licensing, legislation, setting
standards, research, training and planning.
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The health system in Israel is composed of
two sectors: the public sector, which is the cen-
tral sector, and the private sector. Since health is
an essential need and a basic human right [1]. The
government of Israel is involved in the national
expenditure on health, with 67% of the national
expenditure on health financed by it (through the
health budget and health tax) and the rest by the
hospitals themselves. Most of the general hospi-
tals in Israel (96% of the total number of hospital
beds) are public hospitals, some are government
hospitals, and some belong to the private sector.

History

The health system in Israel is based on several
milestones in its historical development. The health
funds in Israel were established before the State
of Israel was established. Clalit Health Fund was
founded in 1911. The ideological concept of the Cla-
lit. was based on the principle of equality and mutu-
al assistance. These principles have left their mark
on the health system in Israel for many years.

The medical services provided to Clalit
patients were based on a uniform tax collection,
which included membership taxes of the [2]. His-
tadrut and the sick funds of the health fund.

The Histadrut, founded in 1920, is the largest and
oldest workers' organization in Israel. The organiza-
tion, whose institutions played a leading role in the
establishment of the State, continues to play a cen-
tral role today in protecting the rights of workers and
pensioners, with special emphasis on promoting
equality and narrowing the gaps in Israeli society.

The Histadrut deals with the professional and
economic affairs of the working population: the
incorporation of workers and their representation
vis-a-vis the employer, the signing of collective
agreements for improving conditions and securing
employment security, the advancement of pension
rights and concern for the future of employees.

The Histadrut promotes its activities through-
out the country by means of trade unions, national
organizations in various branches of labor, and
arrangements in various areas throughout the
country. In light of the entry of new sectors into the
organized labor world, the momentum of associa-
tion is also reflected in the establishment of new
unions in the Histadrut, such as the Association of
Mobile Workers, the Internet and the High-Tech.
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Thus, dependence was placed on companies
in the Histadrut and the sick fund. Over the years,
additional health funds were established, which
expressed political ideological identity and con-
stituted an alternative to obtaining medical insur-
ance, without the need for political identification.

In addition to the health funds, the Rothschild
and Hadassah Medical Centers in the United
States were the main initiators of the develop-
ment of medical services in Israel prior to the
establishment of the State. The activities of the
two bodies included the establishment of hospi-
tals, clinics and pharmacies, preventive medical
services and operation of hospitals. Hadassah's
medical services were characterized by a high
level of professionalism and lacked any political
or ideological affiliation.

At the end of 1948, the population of the State
of Israel numbered 870,000 residents, and only
53% of them were covered by health insurance.
Most of the population was insured by Clalit
Health Services. Within four years of the estab-
lishment of the state, the population of Israel
doubled as a result of the large waves of immi-
grants to the country from European countries
and the United States. The increased immigration
and morbidity among the immigrants created
a deficit in the health system, which the Ministry
of Health had no answer to [3].

Clalit Health Services was committed to pro-
viding services to the new immigrants and has
become the most dominant provider of health-
care services. Later, Clalit worked to integrate the
new immigrants as members of the Histadrut and
thus constituted the largest medical organiza-
tion in Israel. The membership of the fund grew,
but the control of the Histadrut's income from
the Histadrut's money box caused severe finan-
cial distress for the health fund. This distress and
the political developments in Israel during this
period accelerated the need for enactment of the
National Health Insurance Law.

Law regulations concerning
the health care system in Israel
National Health Insurance Law

On January 1, 1995, the National Health Law came
into force. The law promised medical insurance to
every resident of Israel. This introduced compul-



sory health insurance for every citizen whose col-
lection (taxes) is performed by the National Insur-
ance Institute [4]. The law established a "health
basket” — a list of medical services and medi-
cines that each health fund must provide to its
members under the conditions prescribed by law.
In addition, some services are provided directly by
the state, usually through the Ministry of Health.
The health funds are forbidden to reject the
insured, and the law determines that the health
tax will be adjusted to the level of income of the
citizen. In addition to compulsory insurance, the
health funds are given the option of offering vol-
untary insurance for services that are not includ-
ed in the public health services basket. The health
funds offer their members an option to purchase
supplementary insurance, which is health insur-
ance that includes services that are not included
in the health basket in accordance with the law [5].
The collection of health tax through the Nation-
al Insurance Institute allowed fair competition
between the health funds, the free choice of the
citizen in his preferred health fund, the deepening
of the collection and the guarantee of the fund's
income. However, the budget of the Ministry of
Health was managed by the Ministry of Finance.

Patient Rights Law 1996

Patient right law enacted in 1996 determines the
principles of the court by the laws, the ethical
codes of the medical professions and the direc-
tives of the Ministry of Health regarding the rights
of the patient by lows and principles. The fol-
lowing are the main topics discussed by the law
mentioned above:

The right to receive medical treatment

Section 3 (a) of the Law provides that "all those in
need of medical treatment are entitled to receive it
according to any law and in accordance with the
conditions and arrangements that are in effect from
time to time in the health system in Israel” [6]. How-
ever, "in a medical emergency, a person is entitled
to receive urgent medical treatment without con-
ditioning." In other words, the Patient's Rights Law
imposes the provision of medical treatments on
the existing arrangements in the Israeli health sys-
tem at the same time, but in a medical emergency,
the law stipulates that medical treatment must be

given, regardless of whether the payment is cov-
ered. Thus, it is an obligation of a medical institu-
tion to provide medical treatment, as required, to
those who are not insured and to illegal residents,
and even when it is known in advance that no one
will bear the cost of the treatment.

Prohibition of discrimination

Section 4 (a) of the Law provides that "a care-
giver or medical institution shall not discriminate
between patients on grounds of religion, race,
sex, nationality, country of origin, sexual orienta-
tion or any other similar grounds.” Section 4 (b)
further states that "a caregiver or medical insti-
tution shall not discriminate between patients on
the grounds of age, but no discrimination shall be
considered under this section when the distinc-
tion is required for medical reasons” [4].

Informed consent to medical treatment

Section 23 (a) of the National Health Insurance
Law states that "medical treatment shall not be
given to the patient unless the patient has giv-
en informed consent” [4]. The law also provides
that in order to obtain the consent of the patient,
the caregiver shall provide the patient with the
necessary information. More likely to be further
details in the law regarding the medical informa-
tion that will allow him to decide whether to agree
to treatment.

The right to receive an additional opinion

Section 1 of the Law provides that "a patient is
entitled to obtain on his own initiative an addi-
tional opinion regarding the treatment of him"
and that "the caregiver and the medical institu-
tion shall assist the patient in all that is neces-
sary for the exercise of this right” [4].

Respect for the dignity and privacy of the patient
Section 21 (a) of the Law provides that "a care-
giver, any person who works under the supervi-
sion of the caregiver and any other employee of
the medical institution shall maintain the dignity
and privacy of the patient at all stages of medical
treatment” [4].

Right to presence accompanied by medical
treatment

"A patient is entitled to a person accompany-
ing him, at his choice, be present at the time of
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receiving medical treatment, provided that the
person does not intervene in the provision of
medical treatment [4].

Structure of the health system

Ministry of Health

The Ministry of Health is one of the govern-

ment ministries in Israel. It is the governmental

authority through which the government imple-
ments its policy in the entire health system,
among other things, through the formulation of
the health policy and the setting of priorities and
principles of the system’s activity. The Ministry
of Health, in its ministerial capacity, is respon-
sible for various matters, including legislation,
setting standards, licensing, supervision and
control, research, training and manpower plan-
ning, emergency preparedness and development
policy. In addition to these functions, the Minis-
try of Health has two main functions: the first is
the provision of health services and the second
is that it is an insurer.

This office is responsible for the issues of
health in Israel, including:

> responsibility for the health system in Israel,
including hospitals, clinics, and other medical
institutions.

» responsibility for all health-related activities
in Israel, including preventive medicine, pub-
lic health, environmental health, student and
employee health, and health promotion.

»  responsibility for licensing health professions,
supervision of health professions in Israel.
Doctors, dentists, nurses, midwives, pharma-
cists, dietitians, physiotherapists, occupa-
tional therapists, psychologists, and more.

> responsibility for supervising the activity of
health funds under the National Health Insur-
ance Law.

> responsibility for medical research in humans
and animals, supervision of Magen David Adom
in Israel (ambulances), supervision of produc-
tion and import of food and medicines [7].

Supply of services

The Ministry of Health is the largest provider of
general hospitalization services and owns about
half of the total inpatient beds in Israel. In addi-
tion, the Ministry of Health is currently the main
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provider of mental health services and owns most
of the largest geriatric centers in Israel. Also, the
Ministry of Health operates about half of the fam-
ily health stations in the community. The Ministry
of Health is responsible for ensuring the provi-
sion of these services: preventive medical ser-
vices, including routine examinations of the preg-
nant woman and her baby, tests for early detec-
tion of genetic diseases and metabolic diseases
in newborns, vaccinations and preventive treat-
ment, dental health for students, family planning
and routine examinations for schoolchildren.
Also, geriatric and hospitalization services for the
mentally frail, rehabilitation and mobility equip-
ment provided by the Ministry of Health, includ-
ing hospitalization services, ambulatory mental
health services and mental health services.

Public health

Public health includes state-owned hospitals and
institutes, and hospitals owned by health funds.
This sector is characterized mainly by activity
on the basis of deficits that are ultimately cov-
ered by the government. The goal is to promote
and improve the health of the country's residents
over time by providing vaccinations, encouraging
a healthy lifestyle and treating patients and vic-
tims by providing health services of a reasonable
scope and quality based on a medical need and
based on principles of equality, justice and mutu-
al responsibility.

Public Health System

The public health system is designed to provide
regular medical services to the population by
preventive medical services, treatment of ongo-
ing problems in clinics and institutes, rehabilita-
tion, and various health promotion activities such
as family health, physical activity, nutrition and
a healthy lifestyle.

The health public system is based in Isra-
el mainly on public clinics owned by the health
funds and clinics of independent physicians,
which relate to various accounting arrangements
with the health funds and accordingly, care is
provided to the insured by the health funds with-
out any payment from the patients.



The health funds — according to the Bismarck
zmodel

Mandatory insurance organizations were first
established in Europe at the end of the 19" centu-
ry thanks to an idea raised by German Chancellor
Bismarck. In 1883, Bismarck initiated the estab-
lishment of a health and pension insurance sys-
tem for workers [8].

In 1911 the Clalit Health Fund was established
in order to provide medical services for the work-
ers of the [9]. Second Aliyah, it was a small part
of the greater emigration of Jews from Eastern
Europe to Palestine which lasted from the 1870s
until the 1920s, Most of its members were young
people inspired by socialist ideals. Many models
and components of the rural settlement enterprise
came into being at this time, such as "national
farms” where rural settlers were trained; the first
kibbutz, Degania (1909); and Ha-Shomer, the first
Jewish self-defense organization in Palestine. The
fund operated according to the Bismarck model.
Its ideological concept was based on the principle
of equality and mutual aid, which left a mark on
the entire health system in Israel [6].

Today there are four health funds operating in
Israel. Clalit Health Services, Maccabi Health Ser-
vices, Leumit Health Fund and Meuhedet Health
Fund. Most of whom are insured by Clalit fund,
and the rest — in the other three health funds
(as shown in the diagram Figure 1). The Nation-

Leumit

Meuhedet

m Clalit Maccabi
Figure 1. Distribution of insureds by health funds at the end of
2016. Source: Distribution of insureds by health funds, National
Insurance Institute, Research and Planning Administration [In-
ternet], State of Israel, 2016. www.btl.gov.il. https://www.btl.
gov.il/Publications/survey/Documents/seker289/seker_289.
pdf

al Health Insurance Law allows each insured to
cancel membership in the health fund in which he
is registered with and to register as a member of
another HMO of his choice. The service should be
fully funded by the health tax and the completion
of the state [2].

Family health care

Family health care is the first broad treatment
line in the community. The physician that deals
with family members is supposed to be the per-
sonal physician, a familiar figure to the patient,
and the person who sees the whole picture of the
patient's health and his family and social environ-
ment while maintaining a long-term continuum.
The four health funds in Israel provide family
medicine services using 4,627 physicians, 55%
of whom are men and 45% are women. 1,485 of
these physicians (32%) are specialists in fam-
ily medicine and 2,053 (44%) are general practi-
tioners, with no specialization whatsoever. The
other doctors are specialists in various special-
ties, about half of whom have expertise in internal
medicine. Every physician who practices family
medicine handles, on average, 1,780 people [10].

Hospitalization Institutions in Israel

Hospitals in the healthcare system are a major
component of the system’s costs. Hospitals are
divided into three main groups: hospitals for gen-
eral care, mental health hospitals, and hospitals
for chronic diseases and rehabilitation [11].

General Hospitalization

In Israel there are 42 institutions for general care,
about 90% of which are government owned, 21
are hospitals. According to the documents of
the Knesset Research and Information Centre
regarding the general hospitalization system,
there is a shortage of general hospital beds in
Israel, specifically a shortage of hospital beds in
these departments: the internal ward, intensive
care, children, surgery, and maternity ward. For
many years, various sources, including the State
Comptroller (The State Comptroller conducts
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external audits of the various activities of gov-
ernment ministries, local government and vari-
ous public bodies to ensure that their actions are
carried out in accordance with the law) have not-
ed the discrepancy between the scope of require-
ments for the general hospitalization system
and the resources in this system, and call for the
long-term planning of the general hospitalization
system in Israel [9].

The Mental Health Outpatient System

Since the mid-1990s, and many years after other
western countries began to act in this direction,
Israel has been working to transfer most men-
tal health services from hospitals to community
frameworks, in view of the recognition that hos-
pitalization is a therapeutic solution for patients
who do not respond to medication or patients
who are at an acute stage of their disease. Also, at
the stage of the end of treatment, patients should
be assisted to resume their routine as much as
possible and provide them with various treatment
and rehabilitation solutions in the community.
The policy that mental patients will be treated in
the community and only those with acute illness
will be hospitalized is based on the professional
medical assumption that this is the optimal treat-
ment for people suffering from mental iliness and
economic considerations.

Every resident determined to need psychiatric
hospitalization is entitled to receive a full state lien
through the Ministry of Health. Until 1995, a deduct-
ible was collected from the patients and their fami-
lies, but since the State Insurance Law came into
force, the State has borne the full cost [12].

Nursing (institutions) hospitals

In Israel there are over 300 institutions for nursing
care, which are hospitals, with more than 17,000
beds for nursing patients. Among these institutions
are four government geriatric centers, and many
more owned by businesses or owned by non-prof-
it organizations. Residents of Israel are entitled to
receive assistance from the Ministry of Health in
financing nursing hospitalization. Nursing patients
are mainly elderly people who require professional,
but not necessarily medical, supervision 24 hours
a day. They need daily assistance with simple
activities such as eating, bathing, and dressing [3].
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Human resources in the health
system

Manpower resources are the main input in the
health system: about 61% of the national expen-
diture on health is allocated to the payment of
the wages of workers employed in the system.
Regarding the lack of tools for planning medi-
cal personnel in Israel, Document Research and
Information Centre Committee, shows that for
more than a decade there has been a discussion
in Israel about the issue of emerging shortage
of medical manpower. Population growth, aging,
changes in morbidity patterns, developments in
science and technology along with the increase
in the number of doctors' retirees, the sharp
decline in the number of doctors emigrating out
of Israel and non-increasing scope of frameworks
for training doctors in medical schools, created
a real fear of a shortage of doctors in Israel and
demanded a re-examination of the key data on
the rate of physicians — the amount of medical
personnel required for the health system.

Doctors

Israel has five medical schools: The Hebrew Uni-
versity of Jerusalem Medical School, the Medi-
cal School of Tel Aviv University, the Technion
Medical School in Haifa, the Ben-Gurion Univer-
sity Medical School in Be'er Sheva and the Safed
Medical School. Medical studies in Israel lasts
seven years: during the first six years the stud-
ies are conducted by the medical school and in
the seventh year an internship is held — a year
of practical work in the scope of a full-time job,
under the supervision of a licensed physician in
a medical institution approved for this purpose.
The internship lasts for 12 months and is per-
formed in one of the 21 general hospitals in Isra-
el. Upon completion of the internship period, the
graduate receives a license to practice general
medicine in Israel. The number of new licenses
for general medicine in Israel that are provided
each year has been increasing in recent years.

Nurses

Recognition of the professional status of a nurse
is determined by the Ministry of Health based on
compliance with several criteria, updated from
time to time and reflecting the qualifications of
a person to engage in the profession. Graduates



of educational programs in Israel who meet all
the requirements of the compulsory curriculum
are entitled to take the examination of registra-
tion Government general test in Nursing. Suc-
cessful completion of this test is a necessary,
but not an individual, requirement for registration
in the Register of Brothers and Sisters in Israel.
Graduates of study programs abroad will be enti-
tled to be registered in this register after passing
a process of professional recognition and having
successfully passed the government registration
examination [13].

Private Medical Services

Private medical services began working at
Hadassah Hospital in Jerusalem in 1945 and in
1975 expanded to other hospitals. Private medi-
cine allows the patient to choose privately a phy-
sician who will undergo an examination, diagno-
sis or perform surgery, when his salary is paid
by the patient, using the hospital infrastructure
in which the doctor is employed [15]. The private
sector includes private hospitals and medical
institutes. Competition in the private sector exists
mainly between two private networks and a few
hospitals. The private sector is characterized by
advanced technological capability and high qual-
ity of service [2]. Today, private hospitals are not
permitted in public hospitals (government hospi-
tals and Clalit Health Services hospitals), and it
operates only in private hospitals.

A private system is designed to offer insur-
ance arrangements for financing or supplying
arrangements that are not provided within the
framework of the public system at all, or to offer
insurance arrangements or supply arrangements
for improvements to the services provided in the
public system.

Private Clinics
Physicians in Israel combine work in various set-
tings: public and private hospitals, health funds,
community institutions and private clinics. For
example, a wrist surgeon works in the mornings
in a public hospital, and at lunch, combines work
at the health funds or with a private clinic [14].

In the private services of public hospitals, only
physicians whose status and function in the hos-
pital is senior enough and who have established

reputations to allow the patients to choose them
as their doctor. Most physicians who meet these
criteria currently work in private hospitals and
have private clinics.

Summary

The health system in the State of Israel is expand-
ing with the percentage of population growth.
Although the health system in Israel is advanced
and modern, there is still full occupancy in the
inpatient departments, a shortage of doctors and
nurses, which allows the medical staff to work
beyond the required hours of work, with a high
density of beds and patients. This is a challeng-
ing task for the government and the Israeli Minis-
try of Health to solve the problem of overcrowding
and the number of patients in the wards, recruit-
ing and adding a medical team that includes doc-
tors and nurses and setting up new hospitals
throughout the country.
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Nitroimidazoles have wide range of therapeutic uses mainly as anaerobic antibacterials and antiprotozo-
al agents. Some bicyclic nitroimidazodihydrooxazoles and nitroimidazotetrahydrooxazines are found to be
antituberculosis agents. Hence, the biological and chemical properties of mentioned substances are of
great interest to scientists. The aim of this review is to show the general knowledge concerning the chem-
istry and biological activity of some nitroimidazole derivatives, based on experimental studies. The results
of biological tests provide many useful information on the effects of particular groups or other structural
elements on the level of pharmacological activity. Also, these studies can be helpful in further planning of
syntheses of active substances with using nitroimidazole moiety.

Keywords: nitroimidazoles, nitroimidazooxazoles, nitroimidazotetrahydropyrimidines, M. tuberculosis,

antifungals.

Introduction

Nitroimidazoles make a group of compounds of
great commercial and pharmacological impor-
tance [1]. These compounds with a nitro group at
position 5 are usually more active than the cor-
responding 4-nitro-derivatives. However, 4-ni-
troimidazoles exhibit lesser toxicity than 5-nitro-
analogues. These effects are remarkable for 2,4-
and 2,5-dinitroimidazoles. Moreover, 2-nitroim-
idazole derivatives are generally more active as
radiosensitizers than metronidazole (5-nitro-
derivative) [2]. Introduction of an electron accept-
ing group at position 5 in the 4-nitroimidazole ring
causes increase in cytotoxic and radiosensibilit-
ing activity [3]. Nitroimidazoles are vital particu-
larly in the therapy of disorders caused by bacte-
ria and protozoa. The best known — Metronida-
zole, is effective against Bacteroides, Fusobac-
terium, Megasphaera, Clostridium, sometimes

Peptococcus and Helicobacter. Tinidazole was
found to be active against Gardnella, Propioni-
bacterium, Eubacterium, Campylobacter, Actino-
myces and Spirochetes. Moreover, some bicyclic
nitroimidazooxazoles show considerable activ-
ity against tuberculosis [4, 5]. A series of bicyclic
nitroimidazooxazoles, originally investigated as
radiosensitizers for use in cancer chemotherapy,
have been found to be active against culture rep-
lication M. tuberculosis [6, 7]. Compounds con-
taining the imidazo[2,1-b][1,3]oxazine ring system
have been shown to be active against tuberculo-
sis as well. The most promising compound of this
series PA-824, has the MIC of 0.06 pg/ml against
M. bovis BCG and high activity against Mtb H;,Rv
[5, 8].

The aim of this work is to show our contribu-
tion to the current knowledge of antibacterial and
antifungal activity of synthesized nitroimidazole
derivatives.
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Tuberculostatic activity

In the work on the syntheses of pharmacologi-
cally active nitroimidazole derivatives, a series of
eight bicyclic 2,3-dihydro-7-nitroimidazo[5,1-b]
oxazoles were performed [9].

These compounds were obtained in a one-pot
reaction by treating 4,5-dinitroimidazole or
2-methyl-4,5-dinitroimidazole with appropri-
ate oxiranes. Selected compounds were tested
for antimycobacterial activity in vitro, against M.
tuberculosis Hj;;R,, M. BCG, M. avium and two
“wild" strains, isolated from the tuberculotic
patients. The growth of strains was tested after
21 days. The lowest concentration of the com-
pound investigated, at which no growth of strains
was observed, was taken as the MIC. In the con-
centrations tested, these products showed no
activity as well as isoniazid, especially against
Myc. BCG, Myc. tbc. 1676, Myc. tbc. 456 and Myc.
avium. Trying to explain of obtained results, sim-
ple analysis of the orientation of molecules of
CGI 17341 and their isomer was performed by PC
GAMESS 7.0 program [10] (Figure 1). Compari-
son of these two molecules exhibited similarity
in the distances between the oxygen atoms from
oxazole rings and the alkyl chains in both of them.
However, the distances between the NO, groups
and the alkyl chains as well as the NO, groups
and the oxygen atoms from oxazole rings were
different and appeared to be an important factor
in antitubercular agents. It was possible that the

O,N O,N

orientation of the isomeric compound and similar
products provided too little space for a receptor.

In the last decade, a considerable interest
has been dedicated to potential drugs against
M. tuberculosis [11, 12], including several bicy-
clic nitroimidazole derivatives characterized by
significant MIC values, e.g. mentioned above pre-
tomanid (PA-824) and delamanid (OPC-67683)
(Figure 2). Nowadays, these compounds are
undergoing clinical trials.

Other compounds e.g. TBA-354 emerged as
the preferred candidate from a number of ana-
logues that were extensively evaluated for activ-

CGI 17341 CGl isomer

The distances between essential groups or atoms:

CGI 17341 CGl isomer
NO, - O (from oxazolering)  4.67458 A  3.28392 A
NO, — CH, 711406 A 6.0584T A
0 (from oxazolering) — CH,  2.98517A  2.97649 A

Figure 1. Analysis of the orientation of molecules of CGI 17341
and their isomer

Swe]

PA-824 OCF;
OPC-67683
05N
N\(\N)\
o 0
7y
S
TBA-354 OCF3

Figure 2. Structures of bicyclic nitroimidazoles as antitubercular drug candidates
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ity in mouse models of chronic TB, and for phar-
macokinetic, genetic and safety profiling. TBA-
354 has recently been approved by the US Fed-
eral Drug Administration for clinical trial [13].

The initial Structure — Activity Relationship
(SAR) studies have revealed that the replacement
of the oxygen atom at C(9) position of tetrahy-
drooxazine ring from PA-824 with a methylene
group results in the loss of antitubercular aerobic
and anaerobic activities [14]. However, the C(9)
position oxygen of the tetrahydrooxazine ring of
PA-824 can be replaced by either nitrogen or sul-
fur with no significant reduction in MIC value in
aerobic conditions, in comparison with MIC of the
parent nitroimidazooxazine [15]. These results
have encouraged us to synthesise a set of bicy-
clic, heterocyclic compounds, which are structur-
al isomers of the structure of PA-824.

We decided to prepare 3-hydroxy-8-nitroi-
mi-dazol[5,1-b]-1,4,5,6-tetrahydropyrimidine core
in which a six-membered ring is connected with
N-1 and C-5 atoms of nitroimidazole moiety, but
not with N-1 and C-2 atoms [16]. Consequently,
the oxazine part of the molecule was replaced
with a diazine ring (Figure 3).

Moreover, these compounds, in most cases,

05N N
; ( OH
Na N
Y R =-H, -CH;

R R, = alkyl and aryl groups
1

Figure 3. The structure of 3-hydroxy-8-nitroimidazo[5,1-b]-
1,4,5,6-tetrahydropyrimidines

exhibited favorable calculated SAR parameters:
rather high octanol — water partition coefficient
(Log P) and low values (below 140 A% of Polar
Surface Area (PSA) that is linked closely to higher
bioavailability. This fact strongly prompted us to
study  3-hydroxy-8-nitroimidazo[5,1-b]-1,4,5,6-
tetrahydropyrimidines as potential new tuber-
culostatic substances. Some of these products
were tested against M. tuberculosis 2441, 9656,
14023 — SM (streptomycin), INH (isoniazid), RFP
(rifampicin) resistant and M. tuberculosis 5318
— SM, INH, RFP, EMB (ethambutol) resistant in

in vitro assays. Finally, biological assays in vitro
were performed to determine the effects of cho-
sen products on M. tuberculosis species. These
new compounds were tested against four drug
resistant strains: M. tuberculosis 5318 (res. SM,
INH, RMP, EMB), M. tuberculosis 2441, 9656 and
14023 (res. SM, INH, RMP) using M. tuberculosis
H,;R, as a control to validate the assay results.
The measured MIC's showed no inhibition activ-
ity even at the highest concentrations. For all
products tested the MIC values were higher then
25 pg/mL.

While PA-824 and  3-hydroxy-8-nitroi-
mi-dazo[5,1-b]-1,4,5,6-tetrahydropyrimidine core
have structural similarities, their bioactivities
against M. tuberculosis are completely different.
As proved, binding a six-membered ring to the
N-1 and C-5 atoms of nitroimidazole moiety, in
contrast to N-1 and C-2 substitution, totally abro-
gated antitubercular activity. The lack of inhibi-
tion is probably connected with the specific ori-
entation of this bicyclic molecule that may inter-
fere with formation of e.g. hydrogen bonds with
active sites of receptors. Moreover, they have dif-
ferent stereochemistry than PA-824 [17].

Antifungal properties

In our earlier works [16,18], substitution of the hal-
ogen atom in the —CH,X group in 2-chloromethyl-
7-nitroimidazol[5,1-b]-2,3-dihydrooxazole system
with phenols [18] and primary amines [16] has
been described. The main feature of these syn-
theses is dihydrooxazole ring opening reaction.
This mechanism has been used for forming new
nitroimidazole derivatives with thiophenol and
secondary amine moieties as a result of nucleo-
philic substitution reaction in 2-chloromethyl-7-
nitroimidazol[5,1-b]-2,3-dihydrooxazole (2) and
2-chloromethyl-5-methyl-7-nitroimidazol[5,1-b]-

2,3-dihydrooxazole (3) [19] (Figure 4).

Treatment of the nitroimidazodihydroox-
azole with equimolar amount of amine or thio-
phenol furnished the products with one amino
or thiopheno- group substituted at C-5 position
of nitroimidazole ring. Increasing this ratio to 4
equivalents of nucleophile lead to form respec-
tive derivatives with two newly introduced cyclic
moieties — the first one at C-5 position and the
second one — at N-1 alkyl chain, as a result of

Some nitroimidazoles in biological tests



50

=

R 2R =-H,
2,3 3R =-CHs

Figure 4. The structure of 7-nitroimidazo[5,1-b]-2,3-dihy-
drooxazoles

nucleophilic substitution of chlorine atom. It was
found that some of these compounds are high-
ly active against Trichoderma viride. Antifungal
activity of these compounds was observed even
after 21 days of the study. Additionally, moderate
anti- Trichoderma viride activity was observed
for few products. One compound (4) (Figure 5)
showed the high efficiency relative to Aspergillus
niger, Penicillium funiculosum and Paecilomy-
ces variotti after 4 days of exposure. The results
of visual assessment on 7" and 14" day showed
that fungistatic properties decreased significant-
ly. This fact can suggest diffusion of drug into
malt agar. Among products tested, compound 4
was the most effective nitroimidazole derivative
against mixture of fungi. Higher effectiveness
probably was induced by the presence of methyl
group at C-2 position of imidazole ring.

0N OCH;
— OH

(0]
NYN\)\/
CHs
COOCH;

4

Figure 5. The structure of nitroimidazole derivative with the
highest antifungal activity

Some N-substituted nitroimidazole deriva-
tives containing phenacyl group were tested for
their antifungal activity. In the studies were used
the standard nutrient method against Scleropho-
ma pityophila. The results of tests were expressed
as the ED,, (substances concentrations retard-
ing the fungal growth rate by 50 percent in com-
parison with plates where the agent studied was
absent), and the effective dose ED,,, (substances
concentrations retarding the fungal growth rate
by 100 percent in comparison with plates where
the agent studied was absent. As it was shown in
the citated work [20], all compounds are weakly

Journal of Medical Science 2019;88(1)

active against the fungi used. On the other hand,
N-phenacyl derivatives 5 and 6 (Figure 6) showed
high fungistatic activity (ED's < 25) against S. pit-
yophila. High effectiveness was induced by the
displacement of nitro group at 4-position on the
imidazole ring to morpholine or piperidine rest.
Also, the presence of a chlorine atom at 4-posi-
tion on the phenyl ring on the N-phenacyl moiety
influences the increase in antifungal activity.

Cl

Figure 6. The structures of N-phenacyl nitroimidazole deriva-
tives with high fungistatic activity

Also, some derivatives of 1,3-bis-(1-imi-
da-zoyl)-2-hydroxy- (or acetoxy-) propane, for
which synthesis was described in one of earlier
works [21], now favorably undergoing antifungal
test. The most effective among them is unsym-
metrical acetoxy- derivative 7 (Figure 7).

ﬁ\)\/ﬁ(
N\ N N /N
CH3
7 R = H, CH,CO

Figure 7. The structure of derivatives of 1,3-bis-(1-imidazoyl)-
-2-acetoxypropane

Conclusions

As shown results of our different chemical and
biological studies, nitroimidazole derivatives are
important group of bioactive compounds. Sev-



eral substituted nitroimidazoles are of consider-
able pharmacological significance, particularly
as antifungal agents. Our results provide impor-
tant information on the effects of certain substit-
uents and structural elements on the occurrence
of certain activity or lack thereof. Moreover these
studies can be helpful in future planning of syn-
theses of active drugs with using nitroimidazole
scaffold.
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A link between the red blood cell distribution width (RDW) and clinical outcomes in heart failure (HF) was
reported for the first time in 2007. Since then, many studies have shown that an increased RDW is an inde-
pendent and strong predictor of mortality and morbidity in patients with acute, decompensated or chronic
HF. The evidence for such a link comes from dozens of prospective and retrospective studies in which clini-
cal data from hundreds or even thousands of patients were examined. Although many processes such as
nutritional deficiencies (e.g. iron, folate, vitamin B12), inflammation (interleukin 6, tumour necrosis factor),
malnutrition, renal failure or tissue and organ hypoxia have been proposed, no clear explanation exists or is
commonly accepted. This mini-review summarises the clinical evidence on the increased RDW as a predic-
tor of adverse clinical outcomes in HF patients, and hypothetical mechanisms that might be responsible for

this interesting clinical observation.

Keywords: adverse clinical outcomes; heart failure; mortality, red blood cell distribution width.

Dyspnoea and progressive poor exercise toler-
ance with early tiredness are typical symptoms
of heart failure (HF), which is a consequence of
structural remodelling and/or functional impair-
ment of the heart. In HF, cardiac output is reduced
due to the compromised contractile ventricu-
lar function or generated at the cost of elevated
intracardiac pressures owing to impaired diastol-
ic function. The amount of blood pumped by the
heart is not sufficient to meet all metabolic body
demands for oxygen and nutrients, so all tissues
and organs are affected by this disease [1].
Recently, an increased red blood cell distri-
bution width (RDW) has been reported to pre-
dict mortality and other major adverse clinical
events in HF (Table 1) [2, 3, 4, 5, 6]. In 2007, Felk-
er et al. were first who found that an increase in
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RDW associates with a higher risk for the cardio-
vascular death or hospitalization in HF patients
enrolled to the CHARM (Candesartan in Heart
Failure: Assessment of Reduction in Mortality
and Morbidity) program [7]. This observation was
confirmed in an independent the Duke Databank
— RDW was a strong predictor of mortality [7].
Since then, several other studies showed a sim-
ilar linkage between elevated RDW and a poor
outcome in patients with either acute or chronic
HF (Table 1).

The RDW is routinely measured by automated
haematology analysers as a part of red blood cell
count analysis and reported as a component of
the complete blood count. Usually, RDW is quan-
tified in two ways. First, as the standard deviation
of the size of red blood cells (RDWp) with the nor-



Table 1. Examples of clinical studies showing an association between RDW and adverse clinical outcomes, including mortality, in

patients with heart failure

Study Study design Patients Main findings
the CHARM program Retrospective 2679 CHF pts RDW identified as a novel and important predictor of morbidity and
[7] mortality in CHF patients
the Duke Databank Retrospective 2140 CHF pts Confirmatory qnalysns of the CHARM cohort — RDW is a predictor
[7] of total mortality
Pascual-Figal et al. Prospective 628 AHF Increased BDW predicts !ong-term survival, regardless gf
[22] haemoglobin concentration and the presence of anaemia
van Kimmenade et al. ) . RDW is a one-year mortality predictor after hospital discharge.
[23] Post-hoc analysis AU LAIF Prognostic value of RDW is additive to NT-proBNP
TAMINA-HFP . . . . .
FS{egistry [24] Prospective 1012 CHF RDW is an independent and strong predictor of both mortality and
UNITE-HF Biomarker hospitalisation, even after adjustment for a variety of other clinical
L i | iabl
Registry [24] Prospective 235 and laboratory variables
Makhoula et al. . RDW independently predicts morbidity and mortality. An increase
[25] Prospective ERAIF RS of RDW in time is also a predictor of mortality.
Muhlestein et al. [26] Prospective 6414 AHF pts EIevat_ed RDW and ARDW durlng HF hospitalisation were
associated with 30-day mortality
Vizzardi et al. [16] Prospective 232 CHF pts RDW predicts better adverse outcomes than echocardiographic
parameters
Forhécz et al. [15] Prospective 195 CHF pts RDW is a strong, independent predictor of morbidity and mortality
Wasilewski et al. [27] Retrospective 1734 CHF pts The highest RDW tertile associates with increased long-term

mortality

Abbreviations: AHF — acute heart failure; CHARM — Candesartan in Heart Failure: Assessment of Reduction in Mortality and Morbidity; CHF
— chronic heart failure; STAMINA-HFP — Study of Anemia in a Heart Failure Population; UNITE-HF Biomarker Registry — United Investigators

to Evaluate Heart Failure.

mal range between 39 and 47 fL. Second, as the
ratio of RDWg, to the mean corpuscular volume
of red blood cells, i.e., the coefficient of variation
(RDW,) — this is a unitless parameter with the
normal range between 11.5-14.5% [8, 9] (Figure 1).
The direct interpretation of increased measures
of RDW is as follows: the distribution of the red
blood cells width is wider than it should be (see
the comparison of panels A and B in Figure 1).
Traditionally, an increased RDW is a quantita-
tive measure of anisocytosis, and it is found in
various diseases and pathologies of erythrocytes
leading to ineffective production or increased
destruction of these cells. Some examples of
ineffective erythrocyte production are iron,
folate or vitamin B12 deficiency, haemoglobin-
opathies (e.qg., sickle cell anaemia, thalassaemia).
Increased or accelerated erythrocyte destruction
is observed in acute or chronic haemolytic anae-
mias. For example, in the course of some infec-
tions, chronic diseases of other organs (liver or
kidneys), toxic or allergic reactions to drugs, ven-
oms, certain foods, autoimmune diseases, hyper-
splenism or owing to some mechanical narrow-

ing in the blood flow such as severe aortic steno-
sis or presence of mechanical prosthetic heart
valves. Finally, RDW increases after transfusion
of red blood cells [8, 10].

In general, an increased RDW suggests that
some of the conditions during erythrocyte devel-
opment were not optimal and mature eryth-
rocytes getting into the circulation had a wide
range of different sizes, from small to large. If
we consider the usual lifespan of red blood cell
of 100-120 days, then an increased RDW means
that a substantial part of all circulating red blood
cells did not have proper conditions during their
development in the bone marrow.

As already mentioned, chronic haemody-
namic disarrangements in HF affect all tissues
and cells. Co-existence of renal failure, cogni-
tive decline or impairment of the alimentary tract
in HF are some examples of how left ventricular
dysfunction affects other, remote organs and
systems [11, 12, 13]. Thus it is not surprising that
the bone marrow function might be modified in
HF as well resulting in the altered development of
red blood cells.

Link between red blood cell distribution width and heart failure
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Figure 1. Two examples of theoretical distributions of red blood cell sizes represented by the mean corpuscular volume. Panel A
shows normal distribution of the sizes of erythrocytes with RDWcv in the normal range (12.5%). Panel B presents a wider distribution
of the sizes of red blood cells with an increased value of RDWcv (20%). Of note, the averaged value of MCV for each distribution of red
blood cells is taken as the reference value represented as 100% of the frequency

Potential mechanisms linking HF
with RDW

Mechanisms linking RDW and worse clinical out-
comes in HF patients are not well understood.
Most probably, the anisocytosis observed in HF
is a net effect of many different processes and
conditions (Table 2 and Figure 2). HF is a com-
plex disease of many causes and consequenc-
es. There are nutritional deficiencies due to the
dysfunction of the alimentary tract and impaired
absorption of various nutrients, including iron,
folate and vitamin B12 [14]. Congestion of blood,
if right ventricular failure is present, and reduced
tissue perfusion, if both left and right ventricles
are involved, are typical for HF and may cause
dysfunction of kidneys, liver, worse oxygen and
carbon dioxide exchange in the lungs. Chron-
ic inflammation is also common in HF patients
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and may lead to the development of malnutrition
and cardiac cachexia. Inflammatory cytokines
may alter the function of bone marrow and iron
metabolism, including its incorporation to red
blood cells. Forhécz et al. have described that
markers of inflammation such as cytokines, sol-
uble cytokine receptors, acute phase reactant,
were associated with high RDW volume in HF
patients [15]. We have observed (Figure 2) a sig-
nificant correlation between the concentration
of C-reactive protein and RDW,, in HF patients,
both in those who died or survived the three-year
follow-up. Reduced production and release of
erythropoietin or resistance of bone marrow cells
to this hormone observed in HF might contribute
as well. [15, 16]. Some cytokines regulating the
inflammation may directly inhibit erythropoie-
tin-induced maturation of red blood cells reflect-
ed by the elevated worth of RDW [17, 18]. One of



Table 2. Summary of potential mechanisms linking heart failure with increased values of RDW

Mechanism Explanation
Ineffective Red cell RDW is typically elevated in conditions of ineffective erythropoiesis such as iron deficiency, B12 or
Production [7] folate deficiency. These conditions are not rare in HF patients.

Inflammatory Cytokines,
IL-1, IL-6. [28]

Inflammatory cytokines have shown to partially contribute to the pathology of HF. Associations
between inflammatory cytokines and RDW have been reported. Chronic inflammation may aggravate
HF, and impair iron incorporation to red blood cells in the bone.

Tumour Necrosis Factor
Alpha (TNF-a) [24, 29]

TNF-a induces B-adrenergic receptor uncoupling, which then increases reacting oxygen species (ROS)
formation and increases Nitric Oxide Synthases (INOS) activity leading to high output NO formation.
These mechanisms contribute to HF development and progression. TNF-a interacts with most of the
cells in the human body, including bone marrow cells and might influence the development and
maturation of red blood cells.

Reticuloendothelial block
[24, 31]

Impaired mobilisation and ineffective usage of existing iron stores, even in adequate quantities of iron
within the body, is mediated by overexpression of hepcidin, which is synthesised and secreted by the
liver and regulates iron metabolism. Hepcidin decreases cell surface expression of ferroportin thus
decreasing iron absorption from the intestine and iron release from the reticuloendothelial stores,
contributing to an increased RDW and anaemia of chronic disease.

Hypoxia-related
aetiologies [32]

Acute or chronic hypoxia stimulates a large increase in serum erythropoietin which then induces the
formation of enlarged erythrocytes and increased RDW. Similar RDW increases are seen in multiple
acute diseases with the risk of hypoxia such as HF, pneumonia, atelectasis or sepsis.

Abbreviations: HF — heart failure; NO — nitric oxide; TNF — tumor necrosis factor.
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Figure 2. A sample correlation (Pearson) between the concentration of CRP and the value of RDWcv in a group of 419 ambulatory
patients with chronic heart failure, reduced ejection fraction < 50% and followed-up up to 3 years. One hundred and four patients died

and 295 survived during the 3-year follow-up (unpublished data from the project [33])

the most interesting concepts that might help to
link increased RDW with HF is proposed by Yéas
et al. who analysed hospital database with hun-
dreds of thousands of patients with different
clinical conditions and results of RDW analysis.
They have suggested that an increased RDW is
a marker of bone marrow hypoxia, which seems
to be common in HF patients, particularly those
with a more severe form of this disease.

After the initial publication by Felker et al., oth-
er studies have shown the association between

increased RDW and adverse clinical outcomes in
many other non-hematologic disorders like cor-
onary artery disease [3], respiratory diseases [4,
19], stroke [5], critical illness [20], including sepsis
[6], or renal failure [21].

Conclusion

There is a solid clinical evidence that an
increased RDW is an independent and strong risk

Link between red blood cell distribution width and heart failure 55
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factor for higher mortality and morbidity in HF
patients. However, no simple explanation exists
for this interesting association between RDW
and HF course. Many interesting hypotheses try
to explain this association, but so far the mech-
anisms linking RDW and clinical outcomes in HF
patients remain unsolved.
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ABSTRACT

Introduction. The 3A subfamily of cytochrome P450 (CYP3A) accomplishes phase | metabolism for approx-
imately half of the available medications. We aimed to review the recent advances in our understanding of
CYP3A activity, which could apply to infants and toddlers.

Material and Methods. A literature review.

Results. The reviewed recent data cover: CYP3A7 expression and functions, changes of CYP3A4 function
in the first two years of life, CYP3A intestinal metabolism and zonation, CYP3A metabolic programming,
pediatric CYP3A pharmacogenetics, the impact of critical illness on CYP3A, phenotyping, and other clinical
implications of a better comprehension of CYP3A biology.

Conclusions. Although the knowledge of CYP3A enzymes has already changed pediatric practice, much
more is to be expected in the upcoming years. The areas to watch include: endogenous markers for phe-
notyping, new CYP3ATY substrates and products, pharmacogenetic interactions with transporter genes for
non-immunomodulatory drugs, as well as interactions with microbiota and specific bioactive foodstuffs.

58

Keywords: CYP3A5, pharmacokinetics, children, pediatric, midazolam, omeprazole.

The 3A subfamily of cytochrome P450 (CYP3A)
includes four monooxydases: CYP3A4, CYP3A5,
CYP3A7, and CYP3A43. The first two of these
enzymes are the most highly expressed of the
P450 proteins and accomplish phase | metabo-
lism for approximately half of the available medi-
cations. CYP3A activity is subject to ample inter-
individual variability and may also be affected
by a wide range of factors including pharma-
ceuticals, xenobiotics, foodstuffs, and diseases.
We aimed to review the recent advances in our
understanding of CYP3A drug metabolism, which
could apply to infants and toddlers.
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CYP3A7

CYP3ATY constitutes 30—-50% of P450 molecules
in the fetal liver and may account for over 80% of
CYP3A drug metabolism in term neonates [1]. Liv-
er transcriptome analyses revealed that in infants
CYP3ATY expression is 3-fold greater than in chil-
dren aged 1-6 years and over 15-fold greater
than in adolescents [2]. Curiously, CYP3A7 might
be expressed in adults, but this usually is accom-
panied by very low CYP3A5 activity [3].

CYP3ATY has a known contribution to sex hor-
mone metabolism, which probably underlies its



link with birthweight [4]. CYP3A7 metabolizes
cyclosporine, dronedarone, tacrolimus, and to
a small extent sildenafil. Yet, the list of CYP3A7
substrates is far from complete. Overall, CYP3A7
is a crucial, but unexplored contributor to P450
function in the first months of life.

CYP3A4 and CYP3A5

CYP3A4 and CYP3AS5 activity profiles at the ages
of 1 month—2 years were determined by Emoto et
al. [5]. While CYP3A4 activity increases after birth,
CYP3AS5 is already at the target level, although
subject to strong interindividual variation. Other
studies suggested that CYP3A4 metabolic capac-
ity continuously rises from birth to 16" month of
life, when it reaches adult levels [6]. On the oth-
er hand, fentanyl CYP3A4 metabolism is sub-
ject to most considerable variation: the reported
half-time in neonates may range from 6 (like in
adults) to over 20 hours [7]. The elimination of
another opioid, buprenorphine, which requires
CYP3A4 and UGT1A1l, seems to correspond to
adult levels shortly after birth [8]. Sirolimus clear-
ance increases with age, along CYP3A activity; in
the first year the former augments two-fold [9], but
varies greatly from patient to patient. The above
examples demonstrate that it is challenging to
predict the metabolism of CYP3A4 substrates.
Brussee et al. who investigated midazolam
pharmacokinetics in 37 preterm neonates found
that the oral bioavailability of midazolam was
92% as opposed to 30% in adults [10]. They con-
cluded that CYP3A activity was poor not only in
the liver, but also in the intestine. Currently we
do not know when CYP3A4 commences intesti-
nal metabolism. Experiments in a murine mod-
el revealed that CYP3A zonation — a selective
increase of cytochrome expression in parts of
liver exposed to xenobiotics to a greater degree
— does not occur until the pre-weaning period.
This raises questions: does zonation appear only
after CYP3A7 slows down and if it is coupled with
changes of CYP3A intestinal activity [11].
Interestingly, there is evidence for metabolic
programming with regard to CYP3A. In a murine
model provision of high doses of phenobarbital
early in life produced an effect of Cyp3a induc-
tion that persisted into the adulthood [12]. Expo-
sure of rats with low birth weight to high-fat and

high-energy diet led to a longer-term increase
in CYP3AT mRNA expression [13]. Moreover, in
rats CYP3A activity shortly after birth might be
induced by malnutrition during pregnancy [14].
It might be that programming underlies the large
interindividual differences observed in the clini-
cal setting.

Pediatric CYP3A pharmacogenetics

In the last five years a series of articles regarding
tacrolimus metabolism in transplant recipients
have been published with very similar results.
For instance, in a study of over 100 pediatric liver
transplant recipients, carriers of CYP3A5+1 allele
(yielding large amounts of full-length enzyme),
who received liver from CYP3A5+*1-positive
donors, required over 70% larger doses of tacroli-
mus [15]. In the work by Uesugi et al. CYP3A5+1
genotype of the transplanted liver associated with
a relative risk of acute cellular rejection equaling
2.6 [16]. Moreover, steroid-free kidney transplant
recipients who did not carry CYP3A5+*1 had high-
er tacrolimus concentrations [17].
Pharmacogenetic analyses regarding oth-
er CYP3A substrates in infants or children are
less abundant. In one such study, the lack of
CYP3A4+1B (normal AA genotype of rs2740574)
associated with the resistance to antiepilep-
tic medication [18]. In various groups, CYP3A5%3
inconsistently associated with vincristine neu-
rotoxicity. CYP3A5 and CYP3A7 polymorphisms
seemed to modify the relationship between in ute-
ro mercury exposure and neurodevelopment [19].

Clinical context

Midazolam pharmacokinetics in infants indicated
that CYP3A activity was reduced by two-thirds
when CRP values reached 300 mg/L and by
one-third when insufficiency of three organs was
stated (as compared with one) [20]. Critical illness
was found to be the most significant factor to
affect CYP3A4 and CYP3A5 function in a group of
children aged from 1 month to 17 years [21]. Such
severe conditions are one of many examples for
how drug metabolism may be altered, further ris-
ing uncertainty regarding CYP3A function in indi-
viduals.

CYP3A in the developmental age



The possible answer to large variation could
be CYP3A phenotyping. However, the use of an
endogenous marker would be more convenient
than the application of midazolam, alfentanil or
buspirone [22]. One such compound could be
4B-hydroxycholesterol [23]; however, its speci-
ficity is contested by data, which suggest that its
levels depend to a large degree on other factors.
Introduction of CYP3A phenotyping into pediatric
practice would augment the availability of some
classes of drugs, for instance, prokinetic agents,
such as domperidone [24].

An example of the impact of the new knowl-
edge of CYP3A4 interactions was provided by
Bernard et al. who used lacidipine as a calcium
inhibitor with no effect on CYP3A4 in pediatric
oncohematology patients receiving other medi-
cation e.g., cyclosporine [25]. As was recently
noted, CYP3A inhibitors might pose a risk of pat-
ent ductus arteriosus in critically ill neonates
[26]. A recently published case report highlighted
the potential of dexmedetomidine to inhibit tac-
rolimus metabolism by 75% [27]. CYP3A4 imma-
turity was hypothesized to be the cause of tran-
sient neutropenia in rifabutin-treated children
with concomitant human immunodeficiency virus
infection and tuberculosis [28]. Finally, CYP3A4
seems to be an alternative route for the inactiva-
tion of metabolites of vitamin D: its induction with
rifampin in children with infantile hypercalcemia
was successful [29]. Our growing comprehension
of CYP3A roles and interactions will likely provide
further vital data, similar to the above.

Conclusion

Although the knowledge of CYP3A enzymes has
already changed pediatric practice, much more is
to be expected in the upcoming years. The areas
to watch include: endogenous markers for phe-
notyping, new CYP3A7 substrates and products,
pharmacogenetic interactions with transporter
genes for non-immunomodulatory drugs, as well
as interactions with microbiota and specific bio-
active foodstuffs.
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The project entitled "Study of serum metabolic profiles of patients with non-small cell lung cancer with
special emphasis on the smoking status of patients” is a study based on metabolomics, which is the lat-
est of the "omics” technologies and involves a comprehensive analysis of small molecule metabolites of
a specific biological sample. High-throughput and sensitive analytical techniques used in metabolomic
investigations are powerful tools in the field of oncology and aids understanding what is happening in can-
cer cells and searching for new cancer markers. The aim of the project is to determine whether lung cancer
patients have a distinct serum metabolic profile and whether this profile is associated with patients' smok-
ing status. The application of liquid chromatography-high-resolution mass spectrometry-based method-
ology along with advanced statistical methods will enable to select potential molecules that can be useful

in early lung cancer detection..
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General information

The project entitled "Study of serum metabolic
profiles of patients with non-small cell lung can-
cer with special emphasis on the smoking status
of patients” was founded by the National Sci-
ence Centre, Poland within MINIATURAT compe-
tition (grant number 2017/01/X/NZ7/02064). The
duration of the grant is 12 months. The project is
planned for 12 months, and it is run by the Depart-
ment of Inorganic and Analytical Chemistry,
Poznan University of Medical Sciences, Poland
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in the cooperation with Department of Thoracic
Surgery as well as Department of Pulmonology,
Allergology and Respiratory Oncology, Poznan
University of Medical Sciences, Poland. The
principal investigator is Agnieszka Klupczynska,
Ph.D. and the total grant value is 49467 PLN. The
project includes an internship of the principal
investigator in Integrative Molecular Phenotyping
Laboratory, Department of Medical Biochemistry
and Biophysics, Karolinska Institutet, Stockholm,
Sweden. The study was approved by the ethics



committee at the Poznan University of Medical
Sciences (Decision No. 746/17 and 314/18).

Research Project Objectives

The aim of the study is to perform serum untar-
geted metabolic profiling of lung cancer patients
and patients with chronic obstructive pulmonary
disease (COPD) as a control, non-cancer group.
A novelty is the application of patient categoriza-
tion based on the smoking status, which allows
for distinguishing molecular markers associated
with lung cancer from changes in the metabol-
ic profile resulting from tobacco smoking. Lung
cancer remains one of the major challenges in
contemporary oncology. Although its incidence
rate is similar to other malignant tumors, such
as prostate cancer and breast cancer, lung can-
cer is characterized by 4-5 times higher death
rate and it has been the main cause of malignant
tumor-related deaths for years [1, 2]. Due to the
high morbidity and mortality of lung cancer, there
is a high demand for identification of cancer bio-
markers that can contribute clinically relevant
information. Tobacco smoking is the main factor
in the development of lung cancer, and therefore
the effect of this factor on the metabolic profiles
of the patients should be taken into account in
metabolomic experiments. So far the issue of the
influence of smoking on the metabolic profiles
of patients has been neglected in lung cancer
biomarker studies and only a few of them pres-
ent patient stratification by smoking status [3, 4].
Previous research of serum metabolome of lung
cancer patients indicated alterations in many dis-
tinct groups of metabolites, such as amino acids,
organic acids and acylcarnitines [5—7]. However,
little is known about the differences between the
levels of angiogenic markers between smoking
and not smoking patients. Therefore, it should be
investigated whether the observed differences
in the metabolome result from the development
of lung cancer or if they are the result of chron-
ic smoking. The answer to the above research
question can be obtained by profiling a broad
spectrum of metabolites in serum samples tak-
en from patients with lung cancer and a control
group. Endogenous metabolites are at the end of
a series of processes beginning with the genome
followed by the transcriptome and proteome.

Therefore, metabolome fills the gap between
a genotype and phenotype. Components of met-
abolic profiles include such compound classes as
amino acids, amines, organic acids, fatty acids,
steroids, and sugars [8, 9].

Research Plan and Basic Concept

The project includes untargeted mass spectrom-
etry-based metabolic profiling, which represents
a promising and valuable tool in the analysis of
complex cancer-associated metabolic changes
[8, 10]. The study is conducted in serum samples
derived from individuals with untreated non-small
cell lung cancer and a matched non-cancer group
(individuals with COPD). The resulting metabolite
profiles will be subjected to univariate and multi-
variate statistical tests, and significant features will

be identified using different databases (Figure 1).
The research plan includes the following

steps:

1. Sample collection
Collection of serum specimens from patients
with newly diagnosed lung cancer and indi-
viduals with COPD (non-cancer group). Con-
ducting a questionnaire survey among all indi-
viduals who donated blood samples. Selec-
tion of the samples of the study group (people
with lung cancer) based on histopathological
examination of tissue samples.

2. Untargeted metabolic profiling of serum sam-
ples using high-resolution mass spectrometry.
Performing serum  sample extraction
and metabolite profiling using quadru-
pole-time-of-flight (Q-TOF) mass spectrome-
ter coupled to a liquid chromatograph. Analy-
sis of quality control samples.

3. Data analysis and identification of metabolite
markers
Univariate and multivariate statistical analy-
ses performed on the obtained bioanalytic
data together with clinical data. Significant
feature identification. Characterization of cor-
relations between the endogenous metabo-
lites and the individual's health status (pres-
ence or absence of lung cancer). Estima-
tion of the correlation of the obtained results
(metabolite profiles) with the smoking status
of patients. Estimation of the diagnostic value
of the selected endogenous compounds.

Study of serum metabolic profiles of patients with non-small cell lung cancer with special emphasis on the smoking status of patients
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Figure 1. Basic concept of metabolomic studies in cancer research

Research Methodology

Patients and samples

Serum samples are collected from 2 groups
of patients divided into subgroups based on
smoking status: current smokers and ex-smok-
ers (Table 1). Subgroups of smokers consist
of patients smoking at least ten pack-years
and a minimum of 10 cigarettes/day the past 6
months. In case of the ex-smokers criterion of
minimum 2 years since smoking cessation is
applied. Study participants are recruited in the
Department of Thoracic Surgery, Poznan Uni-
versity of Medical Sciences and Department of
Pulmonology, Allergology and Respiratory Oncol-
ogy, Poznan University of Medical Sciences. Lung
cancer diagnosis is performed by the histopatho-
logical examination of tissues. Blood samples are
collected before the initiation of any anti-cancer
treatment.

Table 1. Classification of patients enrolled to the study
COPD patients (n = 40)

Lung cancer patients (n = 40)

Current Ex-smokers? Current Ex-smokers?
smokers' (n=20) smokers' (n=20)
(n=20) (n=20)

Analytical methodology

The goal of the project will be reached with the use
of untargeted metabolic profiling and by the appli-
cation of high-resolution mass spectrometry. In
untargeted metabolomic experiment all detectable

Journal of Medical Science 2019;88(1)
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metabolites in a specimen are analyzed, and as
a result, a unique, global metabolic profile of sam-
ples is obtained. One of the most commonly used
analytical platforms in global metabolomics is
Q-TOF mass spectrometer coupled to liquid chro-
matograph and equipped with electrospray ioniza-
tion source. Since Q-ToF instrument is not avail-
able at Poznan University of Medical Sciences, the
assays will be performed in Integrative Molecular
Phenotyping Laboratory, Division of Physiological
Chemistry I, Department of Medical Biochemistry
and Biophysics, Karolinska Institutet, Stockholm,
Sweden. The project includes an internship of the
principal investigator in that foreign research cen-
tre. Integrative Molecular Phenotyping Labora-
tory is one of the leading metabolomic centres in
Europe and has experience in metabolomic stud-
ies of respiratory diseases [11-13].

Data analysis

Due to its comprehensive nature, the untarget-
ed metabolomics produces large dataset, which
requires extensive data processing as well as
advanced statistical methods for data analysis.
Data processing consists of several steps, i.a.
smoothing, chromatogram deconvolution, peak
alignment, duplicate peak removing, peak filter-
ing. For statistical analyses of data arising from
high-throughput metabolomics specialized soft-
ware such as MetaboAnalyst is used [14]. The per-
formed tests will allow for select features that are
significantly different between the two analyzed



groups (biomarker discovery). The next crucial
and also challenging step in data analysis of glob-
al metabolic profiles is the reliable identification
of detected significant signals. Metabolite identi-
fication is performed by matching accurate mass,
retention time and tandem mass spectrometry
fragmentation patterns to different chemical refer-
ence databases, i..a., the in-house library of stan-
dards acquired previously using the same instru-
ment, Human Metabolome Database and others.

Measurable Effects and Expected
Results

The proposed metabolomic research will broad-
en our pathophysiological understanding of can-
cer and will be used as a source of new poten-
tial cancer-associated biomarkers. The study will
allow to better understand the effect of tobacco
smoking on the complex and multidimension-
al pathogenesis of lung cancer. The obtained
results will enable the design of further studies
focused on a specific group of metabolites to bet-
ter estimate their potential as lung cancer mark-
ers. The further plans involve the determination
of a panel of identified metabolic markers using
a targeted approach with the application of triple
quadrupole mass spectrometry to obtain quan-
titative data and prove the clinical usefulness of
the selected molecules.
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