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The Editorial Board kindly informs that since
2014 Nowiny Lekarskie has been renamed to
Journal of Medical Science.

The renaming was caused by using English
as the language of publications and by a wide
range of other organisational changes. They
were necessary to follow dynamic transfor-
mations on the publishing market. The Edi-
tors also wanted to improve the factual and
publishing standard of the journal. We wish
to assure our readers that we will continue
the good tradition of Nowiny Lekarskie.

You are welcome to publish your basic, medi-
cal and pharmaceutical science articles in
Journal of Medical Science.
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ABSTRACT

Introduction. Intrahepatic cholestasis of pregnancy (ICP) is the most common liver disorder during gesta-
tion. The exact pathogenesis of ICP is multifactorial and still unclear. Therefore, our study aimed to check
whether the selected ABCB4 and ABCBIT1 nucleotide variants are associated with an increased risk of ICP.
Material and Methods. ICP was diagnosed based on clinical symptoms characteristic of this disease, and
confirmed by an increase in serum bile acids and transaminases, spontaneous resolution of clinical symp-
toms, and normalisation of laboratory tests after delivery. A total of 86 pregnant women meeting the crite-
ria were included in the study. Healthy pregnant women with uncomplicated pregnancy served as a control
group (n = 310). Six common nucleotide variants in the ABCB11 and ABCB4 genes were genotyped with the
use of high-resolution melting curve analysis.

Results. All tested nucleotide variants did not show significant deviation from the Hardy Weinberg equili-
brium in both ICP patients and healthy women. None of the ABCB4 and ABCBI11 variants were significantly
correlated with the risk of ICP (py.nq > 0.05). Similar results were also obtained after the division of patients
based on the TBA levels. However, in the group of patients with moderate and severe ICP, a trend toward
association between the ABCB4 rs2109505 variant and cholestasis was observed (Pyeng = 0.063; OR,eiic =
1.87,95% CI: 0.92 — 3.80; ORyominant = 1.90, 95% Cl: 0.83 — 4.36 and OR,.ecsie = 12.24, 95% Cl: 0.74 — 201.75).
Conclusions. Our study did not show any significant association of the analysed ABCB4 and ABCBI11 nuc-
leotide variants with an increased risk of intrahepatic cholestasis of pregnancy.

Keywords: Intrahepatic Cholestasis of Pregnancy, ABCB4, ABCBT11, nucleotide variants.

Introduction Caucasian population varies between 0.5-1.5%

[1]. This illness usually occurs in the second and
Intrahepatic cholestasis of pregnancy (ICP) is third trimester of pregnancy and resolves shortly
the most common, but short-lived, liver-specific after partum. Although it may have a very ear-
pregnancy disorder. The incidence of ICP in the ly-onset, as early as nine weeks of gestation, it
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can persist for several months after delivery [2].
ICP is very oppressive for the mother because of
pruritus, which intensifies at night, but is gener-
ally a benign disease. However, from the perspec-
tive of foetal complications, there is a correlation
between high serum bile acids levels, and an
increased risk of an abnormal obstetric outcome
connected with an elevated risk for the foetus and
newborn [3]. Kawakita et al. [4], based on total
bile acid (TBA) levels in maternal serum, distin-
guished three ranges in the course of cholesta-
sis: mild, with TBA 10-39.9 pmol/L moderate
with TBA 40-99.9 pmol/L, and severe with TBA
= 100 pmol/L. The authors detected a significant
association between severe ICP and adverse out-
comes, with increased risk of stillbirth [3, 4].

The exact pathogenesis of ICP is multifactorial
and still unclear. Pregnant women with ICP have
a deficiency in the excretion of bile salts to bile,
which causes an increase in serum bile acids.

Intrahepatic cholestasis of pregnancy is sig-
nificantly more common in the same families.
The relative risk for an affected first-degree rela-
tive is 12% [5]. The risk of recurrences in the next
pregnancy reaches 45% [6]. In addition, there is
an increase in the frequency of ICP in geographi-
cal regions and specified ethnic groups [7, 8].
However, the genetic basis of ICP indicates famil-
ial clustering and endemic occurrences.

The genetic basis of bile transport disorders
across canalicular membranes was based on
rarely occurring familial syndromes, including pro-
gressive familial intrahepatic cholestasis (PFIC),
and benign recurrent intrahepatic cholestasis
(BRIC) [9]. These diseases result from the func-
tional deficiency of canalicular ATP-binding cas-
sette (ABC) transporters. In recent years, research
on the contribution of genetic factors involved in
bile transport disorders were also performed in
pregnant women with cholestasis [10, 11].

The most extensively studied candidate gene
in intrahepatic cholestasis in pregnancy is ABCB4
(OMIM *171060). The human ABCB4 gene is locat-
ed on the 7q21 chromosome. This gene encodes
phosphatidylcholine floppase, an ATPase also
known as multidrug resistance protein 3 (MRP3).
This protein belongs to the super-family of trans-
porter proteins possessing ATP-binding cas-
sette. A reduction of phosphatidylcholine in the
bile causes an escalation of nonmicellar toxic bile
acid.

Journal of Medical Science 2019;88(4)

The subsequent gene examined in intrahe-
patic cholestasis is ABCB11 (OMIM *603201). This
gene is located on chromosome 2q24. The prod-
uct of ABCB11 is an ABC transporter named bile
salt export pump (BSEP). It actively transports
conjugated bile salts into biliary canaliculi against
a concentration gradient. Defective function of
BSEP results in abnormal bile salt excretion to
bile, leading to cholestasis [2,11]. Additionally, bil-
iary transporter gene mutations were also detect-
ed in severe intrahepatic cholestasis of pregnan-
cy, which is in the main spectrum of interest due
to the consequences for the foetus [13].

Therefore, the aim of our study was to check
whether the selected ABCB4 and ABCB11 nucle-
otide variants are associated with an increased
risk of ICP. In addition, we decided to examine
whether their association with the risk of ICP may
depend on the severity of this disease.

Material and Methods

Patients and controls

Peripheral blood samples from women with intra-
hepatic cholestasis in pregnancy, and healthy
pregnant control subjects with uncomplicated
pregnancy were collected at the Gynaecologic
and Obstetrical University Hospital, Division of
Reproduction at the Poznan University of Medi-
cal Sciences.

ICP was diagnosed based on clinical symp-
toms: pruritus in the absence of any dermatolog-
ic or other systemic medical condition causing
pruritus. Confirmation of the diagnosis was made
with a rise in serum bile acids (> 10 ymol/L) and
transaminases (> 31 U/L), and spontaneous reso-
lution of clinical symptoms and normalisation of
laboratory tests after delivery. The exclusion cri-
teria were: viral or autoimmune hepatobiliary dis-
ease or extrahepatic biliary obstruction. A total
of 86 pregnant women meeting the criteria were
included in the study. In this group, there were
67 women with single pregnancy and 19 patients
with multiple pregnancies (16 twins and three
triplets). The women with ICP were divided into
2 groups (n = 60 and n = 26) according to their
TBA level (10-39.9 and = 40.0 ymol/L, respec-
tively). The control subjects were healthy, lean
(BMI < 25 kg/m?) pregnant women with uncom-
plicated pregnancy (n = 310).



Written informed consent was obtained from
all participating individuals. The study procedure
was approved by the Local Ethical Committees of
Poznan University of Medical Sciences, and was
performed in accordance with the code of ethics
of the Declaration of Helsinki.

SNP selection and genotyping

Single nucleotide polymorphisms (SNPs) in the
ABCB4 and ABCBIT1 genes were identified from the
relevant literature and public databases, includ-
ing the dbSNP database (http://www.ncbi.nlm.
nih.gov/projects/SNP/) and the 1000 Genomes
Browser (http://browser.1000genomes.org/index.
html). SNP selection was based on their function-
al significance, association with the risk of ICP
in previous studies, and minor allele frequencies
(MAF, = 5% in the Caucasian population from the
1000 Genomes Project). The characteristics of the
SNPs selected for analysis (n = 6) are presented in
Table 1. Genomic DNA was isolated from periph-
eral blood lymphocytes with the use of a DNA
extraction kit (Blirt-DNA Gdansk, Gdansk, Poland).
Genotyping was carried out by high-resolution

patients and controls using the chi-square (x°)
test. The association of the ABCB4 and ABCBIT1
SNPs with ICP was tested with the Cochran-Ar-
mitage trend test. Odds Ratios (ORs) with 95%
Confidence Intervals (95% Cls) were used to
assess the strength of the association. The allel-
ic, dominant, and recessive models were analy-
sed. The Bonferroni correction was applied to
account for multiple testing, and p-values <
0.0083 (0.05 / 6 SNPs) were considered to be sta-
tistically significant. The pair-wise linkage dis-
equilibrium (LD) between the tested SNPs (D' and
r? statistics) was evaluated using the Haploview
4.2 software package (www.broadinstitute.org/
haploview/haploview). The same software was
used to conduct a haplotype-based association
analysis (sliding window approach). Statistical
significance was assessed using the 1,000-fold
permutation test. All statistical calculations were
performed for the whole sample, and after divi-
sion of the patients based on the TBA levels. In
addition, separate association testing was per-
formed after the exclusion of cases with multiple
pregnancies.

Table 1. Characteristics of the ABCB11 and ABCB4 nucleotide variants

Gene rs no. Location (bp)® Consequence type Alleles®  MAF°
ABCBI1 rs2287622  chr2:168973818 missense (p.Val444Ala) C/T 0.33
29311 153815676  chr2:169013869 intronic A/G  0.05
rs7577650  chr2:169034700 upstream A/G 0.28

ABCB4 rs4148826 chr7:87445103 intronic A/G 017
792112 152109505  chr7:87450090  synonymous (p.lle237lle)  A/T 0.17
1s2302386 chr7:87462628 intronic A/G 0.13

2GRCh38 / hg38.

® Underline denotes the minor allele.

¢ MAF — minor allele frequency based on 1000 Genomes genotype data (CEU sample).

melting curve analysis (HRM) on a LightCycler 96
system (Roche Diagnostics, Mannheim, Germa-
ny) with the use of 5x HOT FIREPol EvaGreen HRM
Mix (Solis BioDyne, Tartu, Estonia). Quality control
was ensured by including 10% of the samples as
duplicates. Samples that failed genotyping were
removed from the statistical calculations. The
primer sequences and HRM conditions are pre-
sented in Supplementary Table 1.

Statistical analysis
Each SNP was tested for deviation from the
Hardy-Weinberg equilibrium (HWE) in both the

Results

All tested SNPs did not show significant devia-
tion from HWE in both ICP patients and healthy
women (p > 0.05). In the controls, the MAF for
the analysed variants was between 2 and 42%
(Table 2). In the tested sample, the ABCB4 gene
variants are moderated LD (average r* = 0.65 and
D' = 0.92; Table 3), while the ABCB11 SNPs are in
weak LD (average r* = 0.05 and D' = 0.34; Table 4).
None of the ABCB4 and ABCB11 SNPs were signif-
icantly correlated with the risk of ICP (pe,q > 0.05;
Table 3). Under the assumption of all analysed

ABC transporter genes and ICP risk
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Table 2. Association of the ABCB11 and ABCB4 nucleotide variants with the risk of ICP

MAF OR (95%Cl); p-value®
o » L Allelic model® Dominant model® Recessive model®
2 o ] 54 = '_>°
3 & T 8 T %
< o 2
o
ICP (n = 86)
12287622 C/T 042 0.42 0.899 0.98(0.69-1.38);0.897 1.02(0.62-1.70);0.929  0.90 (0.48-1.68); 0.734
ABCB11 rs3815676 A/G 0.00 0.02 0.096 0.17(0.01—2.97);0.131f 0.17 (0.01-2.93 0.128 NA

);
rs7577650 A/G 0.34 0.40 0.213 0.79(0.56-1.13); 0.201 0.86 (0.53-1.41); 0.557 0.54 (0.26-1.15); 0.107
)

)

1s4148826 A/G 0.16 0.14 0497 118(0.73-1.88);0.501 1.10(0.64-1.88);0.733  2.77 (0.61-12.63); 0.177'
ABCB4 152109505 A/T 0.5 0.3 0.473 1.19(0.73-1.93);0.492 1.11(0.64-1.91);0.707  7.27 (0.65-81.38); 0.122'

1s2302386 A/G 011 010 0.695 1.12(0.64-1.96);0.693 1.13(0.61-2.07);0.699  1.19(0.12-11.60); 1.000'

Mild ICP (n = 60)

1s2287622 C/T 0.43 0.42 0972 1.01(0.68-1.50);0.971 1.14(0.63-2.07);0.657  0.84 (0.40-1.75); 0.636
ABCB11 rs3815676 A/G 0.00 0.02 0.163 0.25(0.01-4.25);0.338" 0.24 (0.01-4.19); 0.374 NA

rs7T577650 A/G 0.35 0.40 0.350 0.82(0.54-1.23);0.337 0.93(0.53-1.64);0.812  0.52 (0.21-1.26); 0.141

1s4148826 A/G 014 0.14 0934 0.98(0.55-1.74);0.935 0.87 (0.45-1.67);0.670 2.66 (0.48-14.86); 0.249'
ABCB4 152109505 A/T 0.2 0.3 0.780 0.92(0.50-1.69);0.791 0.84 (0.43-1.64);0.610  5.19 (0.32-84.14); 0.301'

rs2302386 A/G 0.09 0.10 0.934 0.93(0.49-1.91);0.933 0.92(0.83-1.93);0.826  1.72(0.18-16.88); 0.511°

—

Moderate and severe ICP (n = 26)

1s2287622 C/T 0.40 0.42 0.757 0.91(0.52-1.64);0.749 0.80 (0.35-1.83);0.589  1.05 (0.38-2.90); 1.000'

ABCB11 rs3815676 A/G 0.00 0.02 0.360 0.57 (0.03-9.88); 1.000" 0.56 (0.03-9.76); 1.000° NA

);
17577650 A/G 0.33 0.40 0.341 0.74(0.40-1.35);0.322 0.73(0.32-1.62);0.434  0.61 (0.18-2.09); 0.591'

rs4148826 A/G 021 014 0.140 167 (0.83-3.38);0.150 1.74 (0.76-4.00); 0.185  3.03 (0.33-28.16); 0.336'

ABCB4 52109505 A/T 0.21 0.13 0.063 1.87(0.92-3.80); 0.078 1.90 (0.83-4.36);0.125 12.24 (0.74-201.75); 0.150°
152302386 A/G 013 0.0 0.365 1.47(0.63-3.41);0.367 1.66 (0.67-4.15);0.272  1.62 (0.08-32.23); 1.000°

?Underline denotes the minor allele.

®Chi-square analysis.

°d vs D; d is the risk allele.

ddd + Dd vs DD; d is the risk allele.

¢dd vs Dd + DD; d is the risk allele.

"Fisher exact test.

MAF — minor allele frequency; OR — odds ratio; 95%Cl — 95% confidence interval; NA — not applicable.

Table 3. Linkage disequilibrium values D' and r? for nucleotide variants
tested in the ABCB4 gene

rs4148826 1s2109505 rs2302386
rs4148826 - 0.977 0.904
rs2109505 0.857 - 0.875
rs2302386 0.539 0.557 -

Numbers denote D' and r” values expressed as a percentage of maximal value (1.0). D’
values are presented above the diagonal, r* values are presented below the diagonal.

Table 4. Linkage disequilibrium values D' and r* for nucleotide variants
tested in the ABCBT1 gene

rs2287622 rs3815676 rs7577650
1s2287622 - 0.115 0.422
rs3815676 0.000 = 0.485
1s7577650 0.152 0.004 -

Numbers denote D' and r values expressed as a percentage of maximal value (1.0). D'
values are presented above the diagonal, r? values are presented below the diagonal.
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Table 5. Association of the ABCB11 and ABCB4 nucleotide variants with the risk of ICP in the group of patients after

exclusion of cases with multiple pregnancies

MAF OR (95%Cl); p-value®
. @ g Allelic model® Dominant model Recessive model®
@ o 3 & e T
5 z = & E
s 2 2 8§ 3
o
ICP (n=67)
rs2287622 C/TI 0.40 0.42 0.658 0.91(0.62-1.34);0.647 0.82(0.47-1.41);0.464  1.03(0.53 -2.01);0.938
ABCB11 rs3815676 A/G 0.00 0.02 0.143 0.22(0.01-3.85);0.225' 0.22(0.01-3.80); 0.222 NA
rs7577650 A/G 0.37 0.40 0.519 0.88(0.60-1.29);0.505 0.92(0.54-1.58);0.768  0.72 (0.34-1.54); 0.399
rs4148826 A/G 017 014 0.285 1.31(0.79-2.18);0.289 1.21(0.68-2.17);0.516  3.61 (0.79-16.52); 0.109'
ABCB4 1s2109505 A/T 016 0.3 0.310 1.30(0.77-2.19);0.331 1.20(0.67-2.17);0.539  9.42 (0.84-105.45); 0.084'
rs2302386 A/G 0.2 010 0379 1.30(0.72-2.35);0.377 1.33(0.70-2.53);0.390  1.54(0.16-15.04); 0.547'
Mild ICP (n = 48)
rs2287622 C/I 0.42 0.42 0907 0.97(0.63-1.51);0.904 0.97(0.51-1.83); 0.916 0.97 (0.44-2.11); 0.931
ABCBT11 rs3815676 A/G 0.00 0.02 0.214 0.31(0.02-5.36);0.375" 0.30 (0.02-5.29); 0.372' NA
rs7577650 A/G 0.39 0.40 0.838 0.95(0.61-1.48);0.833 1.14(0.60-2.14); 0.696  0.66 (0.27-1.64); 0.372
rs4148826 A/G 016 0.14 0579 1.18(0.65-2.15);0.584 1.07 (0.54-2.12);0.854  3.37 (0.60-18.92); 0.183'
ABCB4 152109505 A/T 014 0.3 0.773 1.09(0.58-2.05);0.784 1.01(0.50-2.05);0.971 6.51 (0.40-105.94); 0.253'
1s2302386 A/G 0.12 010 0523 1.25(0.63-2.48);0.519 1.22(0.57-2.60);0.608 2.17 (0.22-21.36); 0.440
Moderate and severe ICP (n = 19)
rs2287622 C/T 0.36 0.42 0.479 0.77(0.38-1.55);0.463 0.53(0.20-1.38);0.186  1.20(0.38-3.77); 0.761°
ABCB11 rs3815676 A/G 0.00 0.02 0.437 0.79(0.05-13.73);1.000" 0.77 (0.04-13.59); 1.000° NA
rs7577650 A/G 0.32 0.40 0.343 0.70(0.35-1.42);0.321 0.56 (0.22-1.42);0.216  0.87 (0.25-3.10); 1.000'
rs4148826 A/G 0.21 0.14 0.208 1.66(0.74-3.74);0.218 1.63(0.62-4.28); 0.319  4.21 (0.45-39.64); 0.261'
ABCB4 rs2109505 A/T 0.21 013 0112 1.86(0.82-4.21);0.131 1.77(0.67-4.67); 0.241 17.00(1.02—283.21);0.113f
1s2302386 A/G 0.13 010 0.470 1.43(0.54-3.81);0.406" 1.61(0.56-4.66);0.367" 2.20 (0.11-44.18); 1.000'

#Underline denotes the minor allele.
®Chi-square analysis.
°dvs D; d is the risk allele.
ddd + Dd vs DD; d is the risk allele.
¢dd vs Dd + DD; d is the risk allele.
"Fisher exact test.
MAF — minor allele frequency; OR — odds ratio; 95%Cl — 95% confidence interval; NA — not applicable.

Table 6. Haplotype analysis of the ABCB11 and ABCB4 nucleotide variants

Gene Nucleotide variants Haplotypes Frequency Case, Control Frequencies z p-value p,,-value®
CA 0.576 0.596, 0.570 0397 0528 0598
rs2287622.rs3815676 TA 0.412 0.403, 0.414 0.065 0799  0.880
AG 0.616 0.665, 0.602 2254 0133 0193
ABCBI1 rs3815676_rs7577650 AA 0.371 0.335, 0.381 1268 0260 0342
CAG 0.454 0.499, 0.442 1803 0179 0453
TAA 0.248 0.237,0.251 0139 0710  1.000
152287622 rs3815676_1s7577650 — - 0163 0166 0162 o3 BOETN 1 000
CAA 0122 0.098,0.129 1229 0268 0607
AT 0.855 0.835, 0.861 0761 0383 0810
rs4148826_rs2109505 GA 0127 0.153,0.119 1435 0231 0462
6T 0.015 0.012,0.016 0195 0659  1.000
TA 0.860 0.846,0.864 0362 0547 0942
AG 0.087 0.113,0.080 1925 0165  0.606
LN rs2109505_rs2302386 AA 0.042 0.040,0.043 0025 0874 1000
16 0.011 0.001,0.014 2128 0145 0510
ATA 0.847 0.834, 0.851 0288 0591  1.000
rs4148826_rs2109505_rs2302386  GAG 0.087 0.113,0.080 1923 0166 0541
GAA 0.040 0.040, 0.040 0.002 0969  1.000
GTA 0.013 0.012,0.013 0.016 0899  1.000

?p value calculated using permutation test and a total of 1,000 permutations
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inheritance models, the tested variants showed
no evidence of an association with the increased
risk of developing intrahepatic cholestasis dur-
ing pregnancy. Similar results were also obtained
after the division of patients based on the TBA
levels (Table 2). Only in the group of patients with
TBA levels > 40 (moderate and strong ICP), there
was a trend towards association between the
ABCB4 rs2109505 variant and cholestasis (Pyenq =
0.063; OR,}iic = 1.87,95% C1: 0.92 — 3.80; ORyominant =
1.90, 95% CI: 0.83-4.36, and OR,essive = 12.24, 95%
Cl: 0.74-201.75). Separate statistical calculations
conducted in the group of patients after exclusion
of cases with multiple pregnancies showed com-
parable results. For all tested nucleotide variants,
there was no evidence for either allelic or geno-
typing association with the risk of ICP (Table 5).
The result close to being statistically significant
was also found for the ABCB4 rs2109505 variant.
Under the assumption of a recessive model, this
SNP was associated with 9.42-fold (95% CI: 0.84—
105.45, p = 0.084) increase in the risk of ICP (all
types). Haplotype analysis of ABCB4 and ABCBT1
SNPs did not reveal any common haplotypes (fre-
quency > 0.01) associated with ICP (p,,,, > 0.05;
Table 6). Negative results were observed for both
the whole sample and after the exclusion of cas-
es with multiple pregnancies (results not shown).

Discussion

In recent years, the association between nucle-
otide variants of ABCB4 and ABCBI1 and liver
cholestatic diseases has become increasingly
apparent [14]. Research on the genetic aetiology
of the development of the disease was also car-
ried out among pregnant women with cholestasis
of pregnancy [15].

In 2004, Pauli-Magnus et al. [16] performed
in a group of 21 unrelated pregnant women with
cholestasis and a control group of 40 healthy
pregnant women, an analysis of genetic vari-
ants of the ABCB4 gene. The results showed that
nearly half of the affected pregnant women have
a specific ABCB4 mutation. However, the study of
the genetic variants of the BSEP encoding gene
(ABCBT1) failed to confirm its role in the develop-
ment of cholestasis of pregnancy.

Floreani et al. [17] also proved the presence of
three novel non-synonymous mutations in exon
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14 of the MDR3 gene (ABCB4) among 3 of 80
patients suffering from cholestasis of pregnancy
(4%) and in none of the healthy women.

In pedigree studies, Schneider et al. [18], after
examining 55 relatives, showed splicing muta-
tions in the MDR3 (ABCB4) gene, which can cause
cholestasis in pregnancy and may be associated
with stillbirths.

In the publication by Eloranta et al. [19]
a relation was shown between the existence of
cholestasis and the presence of a single nucle-
otide polymorphism SNP (rs473351) of the
ABCBI1 gene in the Finnish population (57 affect-
ed and 115 healthy individuals).

However, a subsequent study by Painter et
al. [20] conducted on a larger group of affected
patients (n= 142), also from the Finnish popula-
tion, failed to confirm these findings, suggesting
that ICP is a genetically heterogeneous disease.

In 2009, Dixon et al. [21] published a study of
491 Caucasian pregnant women with ICP and 261
controls, and demonstrated that a single nucle-
otide polymorphism (c.1331C > T, p.Val444Ala,
rs2287622) of the ABCBT11 gene might affect
hepatic BSEP expression and be a significant risk
factor for ICP.

In our study, we analysed six common nucle-
otide variants of ABCB4 and ABCBI11 genes but
failed to show any association between them
or their haplotypes and the risk of cholesta-
sis development. The allele and genotype fre-
quencies for all tested SNPs were similar in both
patients and properly selected controls. In addi-
tion, the ABCB4 and ABCBI1 variants showed
no evidence of association with the severity of
this disorder. However, it is worth noting that in
the group of patients with moderate and severe
ICP, the results for the ABCB4 rs2109505 variant
were close to reaching the nominal significance
threshold. Under the assumption of an allelic
and dominant model, this SNP was associat-
ed with a 1.9-fold increase in the risk of ICP. For
homozygous carriers of rs2109505, the risk was
increased more than 12-fold. A trend towards the
association between the ABCB4 rs2109505 vari-
ant and cholestasis was also demonstrated after
the exclusion of all cases with multiple pregnan-
cies from the statistical calculations. In this case,
the presence of rs2109505 in a homozygous form
was associated with a 17-fold greater risk for
developing ICP.



Dixon et al. [22] demonstrated a connec-
tion of the polymorphic variant rs2109505 in
the ABCB4 gene with the risk of cholestasis,
along with two subsequent nucleotide variants
in the ABCBI1 gene (rs3815676 and rs7577650).
The examination was carried out on a group of
563 pregnant women with cholestasis and 642
healthy pregnant women. This was the largest
cohort of pregnant women with ICP examined in
relation to genetics. This association was previ-
ously reported in a smaller population [23]. The
rs2109505 polymorphism is a synonymous vari-
ant located at codon 237 (p.lle237lle) in exon 8 of
the ABCB4 gene. Its contribution to disease risk
via a number of different mechanisms were inten-
sively examined. The effect of this SNP on protein
function and response to inducing agents was
not ascertained. It cannot be excluded that this
association exists because of linkage disequilib-
rium between rs2109505 and a still unidentified
pathogenic ABCB4 variant.

The sequencing examination of the select-
ed genes that may be connected to cholestasis
showed the presence of 12 ABCB4 mutations,
4 potential mutations of the ABCBI11 gene and
a donor splice site mutation (intron19) [24].

Wasmuth et al. [13] analysed the association
of selected gene variants of gene encoding hepa-
tobiliary transporters for phospholipids (ABCB4)
and bile acids (ABCBIT) in patients with the
severe form of intrahepatic cholestasis of preg-
nancy in a Swedish cohort. The study, conducted
among 52 patients with a TBA level > 40 pmol/L,
and 52 pregnant women in the control group,
revealed that specific ABCB4 gene haplotypes
could represent etiological factors for the devel-
opment of the severe form of ICP. The authors did
not confirm this finding for genetic variants of the
ABCBI1 gene. Yeap et al. [2] reported nine preg-
nancies complicated by severe cholestasis (max-
imum BA level 74-370 pmol/L) in 5 women. They
detected two ABCB11 mutations with significant
loss of BSEP function and one homo- and four
heterozygous mutations in ABCB4.

The limitation of our study is the relative-
ly small group of patients with intrahepatic
cholestasis. Identification of cholestasis based
on elevated levels of bile acid applies to around
1% of pregnant women in the Caucasian popula-
tion. Among those who developed cholestasis,
there were patients with multiple pregnancies, for

whom the mechanism of developing the ailment
is most often the result of a significantly elevated
level of steroid hormones (oestrogens and sul-
phate progesterone metabolites) in 2" and 3"
trimesters [6], although genetic origins of the ail-
ment may not be ruled out in that group. Hence,
it is probable that the real percentage of preg-
nant women for whom nucleotide variants of the
ABCB4 and ABCBI11 genes may play a role in the
ailment's etiopathogenesis is significantly lower.
In conclusion, our study did not show any sig-
nificant association of the analysed ABCB4 and
ABCBI1 nucleotide variants with an increased
risk of intrahepatic cholestasis of pregnancy. The
negative result may originate from the relatively
low number of the analysed patients and con-
trols, as well as the limited number of examined
polymorphic variants. Therefore further studies
are necessary to confirm the role of ABCB4 and
ABCBIT1 variants in the etiopathology of ICP.
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Supplementary Table 1. Primers and HRM conditions for genotyping of the ABCB11 and ABCB4 nucleotide variants

Chromosome Primers for PCR amplification PCR product Annealing Melt. temp.
Gene Is no. location® Alleles® (5'-3") length (bp)  temp. (°C) range (°C)
F: AGCTGTCATTTCCCCTGGT
1s2287622 chr2:168973818 C/T R CACAAAGCATCTGCACCTGT 132 55 76-91
ABCBI1 . F: GATGCCATTGCCAAGTAGA
20311 rs3815676 chr2:169013869 A /G R- TCTCAGGATGGAGGCATTTC 121 55 74-89
1s7577650 chr2:169034700 A/G F:GCCAGCATGAGTCAGTTAACAC 143 55 74-89

R: GAAATTGTGTCCTTCCACACAG

F: GTCACATTCTGGCATTCAT
rs4148826  chr7:87445103 A/G R: GCCTTGCAAATGTTGCTCT 120 55 70-85

F: CTTTGTCACTAAATGCCGAGA 9|7 .
ABCB4 anaysis
742112 1s2109505 chr7:87450090 A/T without and 55 74-89
qz1. ) with spiking
R: TAAAGGGTTGACCAGAGTGC DNA
rs2302386 chr7:87462628 A/G F: TTCCTGTGTATTTCCTTCACC 139 58 72-87
R: TTTGGATATCTGGTTGACTCC
*GRCh38 / hg38.

®Underline denotes the minor allele.
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ABSTRACT

Introduction. There is not much data about the composition of populations of the immune system in acute
appendicitis. The basic histopathological criterion for the diagnosis of acute appendicitis is neutrophil
infiltration of the muscle membrane.

Aim. The subject of this publication is a semi-quantitative evaluation of B lymphocytes (CD20+), T lym-
phocytes (CD3+) and macrophages (CD68+), and the determination of the number of active lymph nodes
during the course of inflammation.

Material and Methods. The study material was obtained from 79 patients who had an appendectomy due
to acute appendicitis. In this group, the tissue was obtained from: 34 women (aged 20 to 91) and 45 men
(aged 20 to 72).

Results. In the course of acute appendicitis, there is involvement of lymph node B lymphocytes, T lym-
phocytes and macrophages. Independent of the type of inflammation, the cellular make-up of the nodes is
similar. The number of lymph nodes decreases with age and is gender dependent.

Conclusions. In the course of acute appendicitis, there is involvement of lymph node B lymphocytes, T lym-
phocytes and macrophages. The number of lymph nodes decreases with age and is gender dependent. A sta-
tistically significant number of the examined cells of the immunological system in the lymph nodes changed
due to inflammation (p < 0.001). B and T lymphocytes in the lymph nodes and in the mucous membrane of the
appendix differed depending on the sex, and the presence of B lymphocytes in the mucous membrane was sig-
nificantly higher in the group of 20—40 years of age. T lymphocytes were predominant in the centres of the lymph
nodes in groups 20—40 and 61-91 years of age, and in the peripheral zones in the group of 41-60 years of age.

Keywords: appendicitis, lymph nodes, histomorphometry.

Introduction
fever. Sharp pain at McBurney's point (two-thirds

Periumbilical pain is a frequent early symptom of of the distance from the navel and the anterior
appendicitis, which later migrates to the abdomi- superior iliac spine) is pathognomonic of appen-
nal right lower quadrant. The pain is character- dicitis. In most cases, an appendectomy is the
istically accompanied by nausea, vomiting, and best treatment choice.
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The anatomic location, as well as intestinal
stasis and the abundance of lymphoid tissue in
the intestinal wall create favourable conditions
for the development of inflammation.

The disease may be caused by bacterial, viral
and parasitic infections. The inflammation is
facilitated by anatomy, such as the length, flexion
and close location to the colon. Acute appendici-
tis occurs as a result of increased pressure in its
lumen, and consequently obstruction of venous
outflow. In most cases, it is also associated with
occlusion by faecal mass, or stercolith, with the
proliferation of bacteria, which are a direct cause
of inflammation [1].

Inflammatory changes can be seen as hyper-
plasia of the lymph nodes (appendicitis follicular-
is). Neutrophil infiltration (appendicitis purulen-
ta) may also occur. When inflammation crosses
the appendiceal wall, necrotic foci may appear
(appendicitis gangrenosa).

Lymph nodes are round or ovoid structures of
stroma and reticular fibres, filled with B lympho-
cytes, dendritic cells and macrophages.

There are two types of lymph nodes: prima-
ry and secondary. Primary lymph nodes have
a homogeneous structure and contain small,
inactive B lymphocytes (naive lymphocytes).

Secondary lymph nodes have a more differen-
tiated structure. The centre, the so-called reac-
tive centre, is less dense due to the loose pattern
of chromatin in the proliferative nuclei of the cen-
troblasts. B lymphocytes in germinal centres dif-
ferentiate into plasma cells that secrete antibod-
ies, or into memory lymphocytes. The peripheral
zone of the lymph node is a significantly darker
zone, called the mantle zone [2].

The presence of the reactive centre and the
mantle zone is the result of a response to stim-
ulation by antigens. Hyperplasia of the lymph
nodes is caused mainly by the activity of centro-
blasts in germinal centres.

There is not much data about the composition
of populations of the immune system in acute
appendicitis, which is the focus of this paper.

Aim

The subject of this publication is a semi-quan-
titative evaluation of B lymphocytes (CD20+), T
lymphocytes (CD3+) and macrophages (CD68+),

and the determination of the number of active
lymph nodes during the course of inflammation.

Material and Methods

The study material was obtained from 79 patients
who had an appendectomy due to acute appendi-
citis. In this group, the tissue was obtained from:
34 women (aged 20 to 91) and 45 men (aged 20
to 72). The average and median age was higher
for the women than than for the men. The differ-
ence was statistically significant according to the
Mann-Whitney test; p = 0.0427

For antigen retrieval, antibodies against: CD3
(Dako A0452), CD20 (Dako MO0755) and CD68
(Dako MO0814) were used. Preparations were
incubated in a water bath at 96°C in a citrate buf-
fer (pH 6.0) for 50 minutes. Endogenous peroxi-
dase was inhibited by 3% H,0,. The tissue sam-
ples were incubated with antigen for 60 minutes
at room temperature. After that, they were rinsed
for 10 minutes in TBS followed by incubation in
an EnVision system (DakoCytomation, K5007) for
30 minutes.

In all preparations, the DAB-3,3 chromogen
was used, which helped to locate the antigen.
Following that, preparations were stained with
Mayer's hematoxylin and dehydrated in a series
of alcohols to xylene.

Forimmunohistochemical determination, a neg-
ative control was performed by omission of the pri-
mary antibody.

Photographs of all lymph nodes present in the
examined samples were taken with an Olympus
BX43 light microscope and XC 30 digital camera,
at 100x magnification. Based on photographic
documentation, semi-quantitative evaluation of
the immunohistochemical reactions was per-
formed, using the cellSens commercial software
by Olympus (Figures 1, 2). Statistical calculations
were performed with the STATISCTICA 10 statis-
tical package.

Results

Lymph nodes

In all cases, activated lymph nodes were observed
(on average 18) (Figure 3). Their number depend-
ed on the patient's gender. For men, it was 21, and
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Figure 2. Print screens of cellSens dimension software by Olympus — after image analysis
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Figure 3. Lymph nodes. HE staining. Magnification 40x

for women, 15, on average. The Mann-Whitney
test did not show statistically significant differ-
ences (p = 0.2669).

The number of lymph nodes decreased with
age. In patients aged 20-40, there were on aver-
age 20 nodes, with patients aged 41-60, there
were 17, whereas in patients aged 61-91, there
were only 10 nodes. The Kruskal-Wallis test did
not show a statistically significant difference
in the number of lymph nodes in age groups
(p >0.05).

Sex and location of T and B lymphocytes and
macrophages

In men, T lymphocytes were more frequently
found in the centre (C), and simultaneously in
the peripheral zone of the lymph node and in the
mucous membrane (PZ/MM) (p = 0.0280).

In women, T lymphocytes were more fre-
quently found in the peripheral zone (PZ), in the
mucous membrane (MM), simultaneously in the
centre and in the peripheral zone (C/PZ), or simul-
taneously in the centre of the lymph node and in
the mucous membrane (C/MM) (Table 1).

In men, there were more B lymphocytes in
the centre of the lymph node (C), in the mucous
membrane (MM), simultaneously in the centre
and in the peripheral zone (C/PZ), or simultane-
ously in the centre, in the peripheral zone and in
the mucous membrane (C/PZ/MM).

In women, on the other hand, B lymphocytes
were more frequently observed in the peripheral
zone (PZ), and simultaneously in the centre and

Table 1. Location of T lymphocytes in women and men. PZ
— peripheral zone of the lymph node, C — centre of the lymph
node, MM — mucous membrane, PZ/MM — in the peripheral
zone of the lymph node and in the mucous membrane, C/MM —
in the centre of the lymph node and in the mucous membrane

Location Men Women p
n=45 n=34
n % n %
Pz 12 26.7 13 38.2 0.2765
C 13 28.9 8 235 0.9493
MM 2 4.4 2 5.9 0.7630
C/PZ 3 6.7 6 17.6 0.1311
PZ/MM N 244 2 5.9 0.0280+
C/MM 3 6.7 3 8.8 0.7273

* statistically significant, p < 0.05
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in the mucous membrane (C/MM). The test of sig-
nificance in this case did not show any significant
differences in the frequency of B lymphocytes in
women and men (p > 0.05) (Table 2).

Table 2. Location of B lymphocytes in women and men. PZ
— the peripheral zone of the lymph node, C — the centre of the
lymph node, MM — the mucous membrane, C/PZ — the centre
and peripheral zone of the lymph node, C/MM — the centre of
the lymph node and the mucous membrane, C/PZ/MM — the
centre, the peripheral zone of the lymph node, and the mucous
membrane

Location Men Women p
n=45 n=34
n % n %
Pz 0 0.0 1 29 0.2503
© 30 66.7 21 61.8 0.6521
MM 2 4.4 1 2.9 0.7284
C/PZ 5 1.1 3 8.8 0.7371
C/MM 5 11.1 8 23.5 0.1409
C/PZ/MM 1 2.2 0 0.0 0.3841

No statistically significant differences in the
location of macrophages in women and men were
noticed, either in the mucous membrane (MM),
in the submucosa (SM) or in the lymph nodes
(p > 0.05) (Table 3).

Table 3. Location of macrophages in women and men. MM-
mucous membrane, MM/SM/lymph node — mucous mem-
brane, submucosa, and whole lymph node

Location Men Women p
n=45 n=34
n % n %
MM 1 2.2 1 29 0.8436

MM/SM/LN 44 97.8 33 97.1 0.8436

Frequency of T lymphocytes, B lymphocytes and
macrophages in age groups

Based on results of the Fisher-Snedecor dis-
tribution, statistically significant differences in

the frequency of T lymphocytes were visible in
the centre of the lymph nodes (C) (p = 0.0401).
These cells were more frequent in persons aged
20-40 and 61-91 than in persons aged 41-60.
The statistically significant difference was for
the location both in the centre and in the periph-
eral zone (C/PZ) (p = 0.0399) in the group 41-60
years of age, compared to persons aged 20-40.
In patients aged 61-91, T lymphocytes were not
present in both locations simultaneously.

The significant difference in the frequency of B
lymphocytes was confirmed with the Fisher-Sne-
decor F-test, observed in the mucous membrane
(MM) (p = 0.0443) in the group 20-40 years of
age (Table 4).

No statistically significant differences were
observed with the help of the Fisher-Snedecor
F-test in the number of macrophages, both in
the mucous membrane (MM) and in the mucous
membrane, submucosa and lymph nodes (MM/
SM/LN) in any age groups (p > 0.05) (Table 5).

Table 4. Location of B lymphocytes in persons in various age
groups. PZ- peripheral zone of the lymph node, C — centre of
the lymph node, MM — mucous membrane, C/PZ — centre and
peripheral zone, C/MM — centre of the lymph node, and mucous
membrane, C/PZ/MM — centre, peripheral zone, and mucous
membrane

Location 20-40 41-60 61-91 p
yearsof age  yearsof yearsof age
n=50 age n=9
n=20

n % n % n %
PZ 1 2.0 0 0.0 0 0.0 0.3589
C 32 640 12 600 7 778 0.5361
MM 3 6.0 0 0.0 0 0.0 0.0443+
C/PZ 5 100 3 150 0 0.0 0.0670
C/MM 9 180 3 150 1 111 0.7679
C/PZ/ 0 00 1 50 0 0.0 0.2079
MM

* — statistically significant, p < 0.05

Table 5. Location of macrophages in various age groups and the Fisher-Snedecor F
test for the k index of the structure. MM- the mucous membrane, MM/SM/LN — in the
mucous membrane, submucosa and in the lymph node

Location  20-40yearsofage  41-60 years of 61-91 years of p
n=50 agen=20 agen=9
n % n % n %
MM 1 2.0 1 5.0 0 0.0 0.4807
MM/SM/LN 49 98.0 19 95.0 9 100.0  0.4807
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Figure 4. Macrophages in lymph nodes (CD68). Inmunohistochemical staining. Magnification 100x

Number of cells of the immune system in lymph
nodes

Based on results of the chi-squared test, a sig-
nificant difference in the frequency of cells of the
immune system in the lymph nodes (p < 0.0001)
was observed. The most frequent were B lym-
phocytes (on average 3,441 cells per lymph node)
— 59.3% of all cells. The second most frequent
were T lymphocytes (on average 2,116 cells per
lymph node), which constituted 36.5%. The least
numerous were macrophages (on average 247
cells per lymph node) — 4.3% (Figure 4).

Location of B lymphocytes, T lymphocytes and
macrophages

B lymphocytes were observed in the centre of
the lymph node in 64.4% of cases (Figure 5). The
chi-squared test showed a significant difference
in the frequency of B lymphocytes (p < 0.0001).
In 51 patients, they were observed in the centre
of the lymph node (C). The lowest number was
noted in the peripheral zone (PZ), and simulta-
neously in the centre, peripheral zone and in the
mucous membrane (C/PZ/MM) (Table 6).

Table 6. Location of B lymphocytes. PZ — peripheral zone of
the lymph node, C — centre, MM — mucous membrane, C/PZ —
centre and peripheral zone, C/MM — centre of the lymph node,
and mucous membrane, C/PZ/MM — centre, peripheral zone,
and mucous membrane

Location n % chi-squared test
x df P

Pz 1 1.3 173.44 6 <0.0001+
© 51 64.6

MM 3 3.8

C/PZ 8 10.1

C/MM 13 16.5

C/PZ/MM 1 1.3

No reaction 2 25

+ statistically significant, p < 0.05

Based on the chi-squared test, a statistically
significant difference in the frequency of T lym-
phocytes (p < 0.0001) was observed. These cells
were most frequently found in the peripheral zone
(PZ) and in the centre of the lymph node (C): in
25 and 21 persons, respectively. T lymphocytes
in the peripheral zone of the lymph node were
observed in 31.6% of cases (Figure 6). They were
least numerous in the mucous membrane (MM),

Immunohistochemical evaluation of cellular composition of the immune system of lymph nodes in acute appendicitis
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Figure 6. T lymphocytes in lymph nodes (CD3). Inmunohistochemical staining. Magnification 100x

224 Journal of Medical Science 2019;88(4)




Table 7. Location of T lymphocytes. PZ — peripheral zone of
the lymph node, C — centre, MM — mucous membrane, C/PZ —
centre and peripheral zone, C/MM — centre of the lymph node,
and in the mucous membrane

Location n % chi-squared test
K df P

Pz 25 31.6 42.30 6 <0.0001+
C 21 26.6

MM 4 5.1

C/PZ 9 1.4

PZ/MM 13 165

C/BMM 6 76

No reaction 1 13

* — statistically significant, p < 0.05

Table 8. Location of macrophages. MM — mucous membrane,
MM/SM/LN — mucous membrane, submucosa and the whole
lymph node

Location n % chi-squared test
x df P
MM 2 2.5 71.20 1 <0.0001+

MM/SM/LN 77 975
* — statistically significant, p < 0.05

in four persons. In one case, no reaction with the
CD 3 antibody was observed (Table 7).

The chi-squared test showed a significant
difference in the frequency of their occurrence
(p < 0.0001). In 77 patients, they were predomi-
nantly in the mucous membrane, submucosa and
the whole surface of the lymph node simultane-
ously (MM/SM/LN). In two patients only, they
were present solely in the mucous membrane
(MM) (Table 8).

Discussion

The basic histopathological criterion for the
diagnosis of acute appendicitis is neutrophil infil-
tration in the muscle membrane. In the samples
examined, acute purulent appendicitis and acute
gangrenous appendicitis were diagnosed his-
topathologically. Immunological reaction takes
place in the lymph nodes located in the lamina
propria of the mucous membrane and in the sub-
mucosa. It seems that the number of affected
lymph nodes is individually variable. There are
no published reliable data that would estimate
an average number of activated lymph nodes per
inflamed appendix. In the samples presented here,

the number varied from 6 to 78. It is not, however,
the total number of lymph nodes in the appendix,
but only in the histological section. Independent-
ly of their number, in all cases, active nodes with
areactive centre and mantle zone were observed.
Their size was dependent on the activity of cen-
troblasts. The number of nodes was correlated
with the age and gender of the patients, whereby
the number decreased with age. The group exam-
ined comprised adults aged of 20 to 91 years.
Our samples did not include children. Based on
the data available in the literature for the chil-
dren and on our own observations, we can safely
assume that their number is much higher in that
age group. For women, the number was smaller
than for men. In the future, it would be of interest
to correlate the higher number of activated lymph
nodes found in men and the higher prevalence of
the disease in this group.

In the cases of acute appendicitis, B lympho-
cytes, T lymphocytes and macrophages were
observed in all tissue samples. Independently of
the type of inflammation diagnosed, the cell com-
position of the lymph nodes was similar.

The pathogenesis of acute appendicitis
is heterogeneous, and clinical symptoms are
non-characteristic [3] without clear, unequivocal
diagnostic criteria. The currently available litera-
ture is insufficient to determine the participation
of immune cell populations during the course of
acute appendicitis. Another problem is the sub-
jectivity of the establishing of the final diagno-
sis by pathologists [4, 5]. Some authors consider
appendectomy to be necessary. It is of significant
importance in the case of neurogenic appendici-
tis. In the appendix, there may be an increased
proliferation of cells, accompanied by secre-
tions of vasoactive intestinal peptide and sub-
stance P. As a consequence, strong pain is pres-
ent in the right lower iliac fossa. In these cases,
no macroscopic or microscopic changes char-
acteristic of acute inflammation are observed [6,
7]. Other authors advise against an appendecto-
my. According to them, the preservation of large
quantities of lymphoid tissues in the appendix
is important to the function of the immune sys-
tem. [8]. After the appendectomy of a pain-free
appendix, the patient may suffer from numerous
post-operative complications including: wound
infection, a hernia, bowel obstruction caused by
post-operative adhesions, and even death [9].

Immunohistochemical evaluation of cellular composition of the immune system of lymph nodes in acute appendicitis
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A more thorough understanding of the course
and location of immunological responses and
the role of individual cells and their populations
in relation to clinical presentation may help to
establish reliable diagnostic criteria.

Conclusions

In the course of acute appendicitis, there is
involvement of lymph node B lymphocytes, T
lymphocytes and macrophages. The number of
lymph nodes decreases with age and is gender
dependent. A statistically significant difference
in the number of the examined cells of the immu-
nological system of the lymph nodes changed
due to inflammation (p < 0.001) was observed.
B and T lymphocytes in the lymph nodes and in
the mucous membrane of the appendix differed
depending on the sex. The presence of B lympho-
cytes in the mucous membrane was significantly
higher in the group of 20—40 years of age. T lym-
phocytes were predominant in the centre of the
lymph nodes in groups 20-40 and 61-91 years
of age, and in the peripheral zone in the group of
41-60 years of age.
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ABSTRACT

Neuropsychological deficits in depression are a significant therapeutic challenge. Their occurrence means
poor therapeutic prospects, worse social and professional functioning after therapy, as well as a higher risk
of relapse. Despite clinical improvement, they often remain even in a state of complete remission. Beck's
model of depression does not include interventions directed at neuropsychological processes leading to
neurocognitive mechanisms responsible for the development and maintenance of depression. More recent
trends in cognitive-behavioral therapy seem to involve neuropsychological processes to a greater extent.
This applies to Well's metacognitive model, which focuses on the meta-level of thinking. Therapeutic proc-
ess involves various aspects of attention, as well as detached mindfulness. Available empirical studies
indicate that this therapy model is more effective in reducing neuropsychological deficits than Beck's mod-
el. Acceptance and commitment therapy as well as mindfulness-based cognitivetherapy both focus on the
development of skills that are related to the efficiency of executive functions and flexibility of attention,
i.e. the cognitive processes whose deficits are characteristic of depression. However, research is needed
to confirm their effectiveness in reducing neuropsychological deficiencies compared to other therapeutic
models. Interventions in the field of cognitive remediationcan be used to enrich cognitive-behavioral ther-
apies and increase their effectiveness. Until now, they have been used as a separate form of therapy, for
example in anorexia.

Keywords: depression, neuropsychological deficits, cognitive-behavioral therapy.

Introduction
requires the occurrence of at least two of the fol-

Depression is a frequent and recurrent disor-
der associated with a significant deterioration of
quality of life and ability to perform social roles,
as well as a greater risk of premature death due to
suicide [1]. According to the World Health Organi-
zation (WHO), the total number of people suffer-
ing from depression is 322 million and its inci-
dence is estimated at around 4.4% [2]. Diagno-
sis of a depressive episode according to ICD-10

lowing symptoms: depressed mood, loss of inter-
est and enjoyment, reduced energy or increased
fatigability, as well as at least two consecutive
symptoms: decrease in respect for or trust in
yourself, excessive and unjustified sense of guilt
or irrational remorse, recurrent thoughts of death,
suicide or any suicidal behavior, reduced abil-
ity to concentrate and think, change in appetite,
sleep disorders, changes in psychomotor activ-
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ity. Symptoms must be present for most of the
day almost every day for at least two weeks and
cause significant suffering or impairment [3].

Neuropsychological deficits are a major chal-
lenge in the therapeutic process of depression.
Their occurrence is associated with a negative
impact on both the immediate results of thera-
py and the long-term functioning of patients, as
well as a higher risk of relapse [4, 5]. Despite the
clear overall improvement and positive response
to therapy, neuropsychological symptoms often
persist [6]. A meta-analysis of research on neu-
ropsychological functioning of patients with
recurrent depression showed significant deficits
in attention, memory and executive functions
[7]. Cognitive deficits have also been observed
in patients with depression in remission [4, 8].
It is indicated that the neuropsychological dys-
functions are often insufficiently diagnosed and
therapists focus primarily on the emotional and
somatic health aspects and negative patterns of
thinking [8, 11]. The results obtained by observa-
tion and self-report on cognitive functioning in
depression often differ from neuropsychological
tests results [10, 11].

Aim

The aim of this paper is to analyze the existing
models of cognitive-behavioral psychothera-
py (Beck's classic model, Wells's metacognitive
therapy, acceptance and commitment therapy,
and mindfulness-based Cognitive Therapy) in
terms of their use in work on neuropsychological
deficits in depression. In addition, possible direc-
tions of development of the analyzed therapies
will be considered in the context of their potential
forincreased effectiveness of depressive patients
treatment.

Beck's cognitive model
of depression

The cognitive model of depression proposed by
Beck [12-15] is still widely used by therapists. In
this model, it is assumed that due to the experi-
ence of significant loss in the early stages of life,
permanent cognitive structures are formed. The
result is a greater vulnerability of the individual

Journal of Medical Science 2019;88(4)

to depression in the situation of future losses.
Those patterns can remain dormant and be acti-
vated by negative life events. Key beliefs and
conditional assumptions that arose as a result
of early experiences predispose to the occur-
rence of depressive symptoms in the case when
events (e.g. next loss) activate these beliefs and
violate hidden assumptions. Negative processes
and thinking contents that are triggered lead to
the consolidation of depressed mood and other
depressive symptoms [12-15]. Beck and Brede-
meier theorized that the above-described cogni-
tive mechanism of depression is part of a natural,
evolutionary mechanism (the so-called "depres-
sion program”), which in specific conditions is
adaptive to people and allows the conservation
of energy resources. Depressive beliefs play
a crucial role of a mediator between information
processing, autonomic nervous system, immune
response and depressive symptoms. Too long
activation of the "depression program” leads
to the strengthening of depressive patterns,
which increases the risk of relapse [16]. Beck
assumed the existence of the so-called cogni-
tive triad of depression consisting of distorted,
negative beliefs about yourself, the world and the
future. These beliefs usually appear in the pres-
ent moment in the form of negative automatic
thoughts (NATs). They maintain the symptoms
of depression, namely they cause a depressed
mood and a drop in energy and motivation that
lead to a lower engagement in satisfying activi-
ties, which becomes evidence of negative beliefs
[12, 14, 15]. For people in depression, cognitive
distortions are also characteristic. Beck et al. [12]
pointed to specific logical errors in patients with
depression — primarily generalization, selective
attention and dichotomous thinking. These pro-
cesses increase access to information in accor-
dance with negative beliefs and suppress infor-
mation that is not consistent with them. This
prevents verification of negative cognitive pat-
terns and leads to their maintenance.
Cognitive-behavioral psychotherapy based
on Beck's model is always adapted to the spe-
cifics of functioning of a given patient, but it is
based on certain principles and assumptions. It
is a directive-oriented therapy, limited in time,
focused on the "here and now", structured and
assuming constant cooperation between the
therapist and the patient. The basic direction of



therapeutic work is the identification and recon-
struction of cognitive distortions. For this pur-
pose, a number of techniques are used, such as
psychoeducation, Socratic dialogue, analysis of
arguments for and against, down and up arrows,
scaling, relaxation exercises, activation, imagi-
native exercises and behavioral experiments
[13-15]. In therapeutic protocols based on Beck's
model, four phases are usually specified in which
emphasis is placed on different aspects of the
disorder [12, 13, 17]. The first phase of therapy
focuses on building a therapeutic relationship,
completing conceptualization and defining goals,
as well as on the education about the disorder
and the cognitive-behavioral model, and finally
on the behavioral activation of the patient. The
second phase focuses on identifying emotions,
negative automatic thoughts, cognitive distor-
tions and then modifying them through the use
of appropriate interventions. In the next phase,
interventions are increasingly focused on the
intermediary assumptions and key beliefs of the
patient. The last phase of therapy is a summary
and termination of the therapeutic process and
prevention of relapse.

Cognitive-behavioral psychotherapy based on
Beck's model has repeatedly proved its effective-
ness while working with many disorders, includ-
ing depression [13, 18, 19]. The severity of clinical
symptoms of depression often fails to be directly
related to the severity of neurocognitive dysfunc-
tions, and full remission of clinical symptoms
often does not lead to remission of neuropsycho-
logical deficits [4, 5, 8, 20]. In Beck's model, there
are no interventions that would focus directly on
neuropsychological deficits typical of depression
and concerning executive functions or attention.
Randomized studies conducted by Porter et al. [5]
and Groves et al. [9] showed that in patients who
participated in cognitive-behavioral psychothera-
py based on this model, there were no significant
changes in neuropsychological deficits despite
significant clinical improvement. Those deficits
involved executive functions, memory and ver-
bal learning, as well as processing speed. These
results require confirmation in further research,
but they show possible limitations in Beck's ther-
apeutic model. An interesting development of
Beck's concept aimed at the neuropsychological
sphere is the metacognitive model of depression
proposed by Wells [21].

The metacognitive model

Wells's model assumes that the tendency to
negative thinking and dysfunctional beliefs
are important elements in the development
and maintenance of mental disorders, includ-
ing depression (which is consistent with Beck's
model) [21]. Wells concentrates on the repeti-
tive, unhelpful patterns of thinking, beliefs about
thinking (metacognitive beliefs), and attentional
bias forming the so-called 'cognitive attentional
syndrome' (CAS) [21]. The CAS consists of the
processes worrying, directing attention to the
threat, and the use of unhelpful coping strategies
that sustain negative thinking processes. In con-
trast to Beck's theory, in Wells's model, negative
thoughts are considered a trigger factor activat-
ing dysfunctional ways of processing or thinking.
These, on the other hand, play a key role in devel-
oping and sustaining symptoms. The metacogni-
tive model does not focus directly on the content
of negative thoughts (e.g. "I am worthless"), but
on how the individual processes it (e.g. ruminates
or worries about it). The metacognitive model of
depression is composed of [21]:
> positive meta-beliefs about the need to rumi-
nate as a way to reduce depressive symptoms
or find a way to solve the problem,
> negative meta-beliefs about the inability to
control ruminations, the risks associated with
depression, and the individual's own vulner-
ability,
> reduced meta-ruminating awareness,
> CAS (ruminating, focusing on the threat,
unhelpful coping strategies).

The metacognitive model of depression was
presented in Figure 1.

The two depression therapies based either
on the metacognitive model or on Beck's model
have a lot in common. In both therapies, patients'
activation, increasing their motivation, as well as
changing their behavioral patterns that support
the disorder are important elements. Also, both
are aimed at the reconstruction of negative beliefs
using similar therapeutic techniques. However, in
the case of metacognitive therapy the focus is on
identifying and changing the meta-beliefs, both
negative and positive. An important difference
in the therapeutic process, especially important
in the deliberations on the impact of therapy on
neuropsychological deficits, lies in attention
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Trigger factor
e.g. NAT , I'm fat”

Positive meta-beliefs
e.g. ,, Thinking about it will make me do
something about it eventually”

CAS - rumination
e.g. ,,what people will think”, ,, they will
look at me”, ,, they will think I'm
disgusting”, ,, after all I'm disgusting” ...

Negative meta-beliefs
e.g. ,, I do not control it”, ,,I’'m useless”
(limited meta-consciousness)

Depression
- emotions (e.g. sadness, guilt)
- thoughts (e.g. ,,I,m lonely”)
- behaviour (e.g. lying in bed)

Figure 1. Metacognitive model of depression. Source: based on Wells (2009)

training techniques (ATT) and detached mindful-

ness, which is the central element of metacogni-

tive therapy [21]. ATT consists of three elements
that are practiced during the therapy:

> selective attention (keeping the patient's
attention on specific sound stimuli and ignor-
ing others),

» attention switching (shifting attention of
the patient to different sound stimuli at an
increasing rate),

> divisibility of attention (deepening and main-
taining attention to various sound stimuli
simultaneously).

The detached mindfulness is understood by
Wells (2009) as a state of awareness of inter-
nal cognitive experiences (thoughts, memories,
beliefs, imaginings, etc.) without engaging in
their assessment, control, suppression, change
or behavioral response to them. This experience
is lived as independent of the whole experience
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of yourself, from the perspective of the observ-
er. This skill develops during therapy through
a series of exercises conducted during the ses-
sion, as well as in the form of homework [21].
ATT and detached mindfulness are interventions
whose aim is to increase self-awareness, mini-
mize perseverative thinking patterns in the form
of ruminations, engage in unhelpful behaviors
and increase the flexibility of attention. From the
neuropsychological perspective, these are ele-
ments that can be directly related to the opera-
tion of executive functions whose deficits are
characteristic of depression. The executive
functions are a complex system that supervis-
es, controls and directs the cognitive activity of
the individual [22, 23]. The meta-level of cogni-
tive functioning, which is key in Wells's model, is
to a large extent identical with the role of execu-
tive functions. ATT and detached mindfulness as
an essential element of the therapeutic process



enable a direct impact on possible deficits in this
area of neuropsychological functioning. Previous
research seems to confirm this thesis. Metacog-
nitive therapy has been shown to be effective in
reducing both clinical symptoms of depression
[24, 25] and improving neuropsychological defi-
cits [26, 27]. Groves [9] compared in randomized
studies the effectiveness of cognitive-behavior-
al psychotherapy according to both Beck's and
Wells's models in reducing neuropsychological
deficits. After the end of therapy, the group of
patients who participated in Wells's metacogni-
tive therapy was characterized by a significantly
greater improvement in the scope of attention
and executive functions in comparison with the
group in therapy according to Beck's model. The
metacognitive model, seems to have an advan-
tage over Beck's model of therapy in improv-
ing neuropsychological deficits in patients with
depression. According to the author's knowledge,
these are the only studies so far comparing the
effectiveness of various psychotherapeutic mod-
els in terms of changes in neuropsychological
functioning in depression and further research in
this area is necessary.

Mindfulness-based and accep-
tance and commitment therapies

Elements of metacognitive therapy are also pres-
ent in approaches belonging to the so-called
third wave of cognitive-behavioral psychothera-
py, namely mindfulness-based cognitive therapy
(MBCT) and acceptance and commitment thera-
py (ACT). Both approaches are used in psycho-
therapy of depression.

MBCT for depression is an extension of the
stress relief program based on mindfulness creat-
ed by Jon Kabat-Zinn [28, 29]. The MBCT program
for depression is an eight-week training in the
development of mindfulness through the regular
and systematic use of meditation in many forms,
both at sessions and at home [29, 30]. Mindful-
ness is understood as a special kind of attention,
conscious, non-judgmental and directed at the
present moment [28, 29]. All meditation exercises
rely on the learning of a gentle, purposeful focus
on the present and appreciating the perception
of things as they are. In contrast to the detached
mindfulness of Wells's model, in MCBT an atten-

tive approach is practiced. It is about directing
attention not only to the cognitive sphere but also
to the experiences flowing from the body, emo-
tions or the outside world [21]. Mindfulness train-
ing allows and individual to develop the ability of
conscious, purposeful attention targeting, great-
er self-awareness of own thoughts and feelings,
decentration by getting a distanced observer per-
spective for own cognitive or affective processes.
As a result, the tendency to identify with them
and automatically react to them decreases. This
allows the individual to reduce inefficient thought
processes (in particular ruminating and worry-
ing) and unhelpful prevention strategies that are
characteristic of depression [29, 30].

The acceptance and commitment therapy is
a relatively new approach derived from the cog-
nitive-behavioral trend. The primary goal of ACT
is to increase psychological flexibility. This goal
is achieved through the use of psychological
interventions based on mindfulness (in the same
sense as in MCBT) and acceptance combined
with strategies of behavior modifications [31, 32].
Psychological flexibility is understood here as the
ability to fully, consciously experience the pres-
ent moment, "here and now", and behave in a way
that allows achieving goals consistent with the
values of the individual [31, 32]. It consists of:
> contact with the present moment (careful,

conscious experience and getting involved in

everything that is happening at the moment),

> acceptance (of painful feelings, all other feel-
ings, desires, emotions as they are and making
them a place in the field of our experience),

> | as a context (awareness of thoughts, feel-
ings, experiences, actions, conscious obser-
vation of them from cognitive distance, taking
the perspective of an observer),

> values (desirable characteristics of action,
ideals of directing action),

» involved activity (effective action in accor-
dance with professed values),

> cognitive defusion (distancing oneself from
one's own cognitive processes, not identify-
ing with them, not engaging automatically in
them).

People with depression are characterized
by a lack of psychological flexibility. They avoid
experiencing negative emotions or thoughts.
They are characterized by limited self-awareness
and cognitive fusion with negative beliefs (typi-
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cal of depression). In ACT, the immediate goal of
working with a depressed patient is not to reduce
symptoms, but to release and develop those ele-
ments that block the individual's psychological
flexibility. Relief of depressive symptoms is treat-
ed as a desirable and highly probable side effect
of increasing the individual's psychological flex-
ibility [31].

Both ACT and MBCT in their therapeutic
interventions focus on cognitive elements that
have proved effective in the metacognitive mod-
el in working on neuropsychological deficits in
depression. These models develop thinking at
the meta-cognitive level, increase self-awareness
and attentive, flexible and conscious directing of
attention. They develop the ability to take a dis-
tanced, decentered perspective on experienc-
es, as well as the ability to not react in an auto-
matic manner in response to thoughts, impulses
or emotional states that arise in the mind. Skills
developed in these therapies are related to the
efficiency of executive functions [22, 23]. How-
ever, according to the author's knowledge, there
are no studies to date focusing on the effective-
ness of ACT and MBCT in neuropsychological
deficits reduction in depression. A meta-analy-
sis [33] allows to formulate cautious predictions
about a possible positive impact on this area
also in people with depression — in particular on
the selectivity of attention, working memory and
executive functions.

Cognitive remediation

As indicated earlier, the problem of neuropsy-
chological deficits is often overlooked during the
therapeutic process, and psychological interven-
tions focus on other areas of patient functioning.
Cognitive-behavioral psychotherapy is a model
that integrates various techniques and influences
after empirically verifying their effectiveness [15].
It is reasonable to look for methods that could
increase its effectiveness in working on neurop-
sychological dysfunctions. An idea worth consid-
ering is the introduction of the so-called cogni-
tive remediation (CR) interventions into therapeu-
tic protocols (like using ATT in Well's model). CR
showed its effectiveness, among others, in work
with schizophrenic patients, elderly patients and
brain injuries [5, 22, 34].
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CR should be treated as a general name for
psychological interventions aimed at working with
specific cognitive processes. The choice of meth-
ods should therefore be preceded by an appropri-
ate diagnosis of existing neuropsychological defi-
cits. In the light of current studies in depression,
there are usually difficulties in the efficiency of
executive functions, attention and working memo-
ry [5, 7]. Besides ATT, there are many interventions,
both standardized and quality, which can be used
to develop these neuropsychological functions
[22]. There are also many CR protocols and com-
puterized stimulation packages for neuropsycho-
logical functions that still require adequate empir-
ical validation [35]. An example of such a protocol
is the CR program for anorexia created by Tachan-
turia, Davies, Reeder and Wykes [27], whose effec-
tiveness has been empirically confirmed [36].
After some modifications, this program could be
adapted to the needs of patients with depression.
Particularly noteworthy is the study by Priyam-
vada et al. [37], who focused on the effectiveness
of the CR program in patients with depression
lasting for a minimum of 2 years. The authors cre-
ated a 15-session program for the rehabilitation
of cognitive attention and memory in depressive
patients, which significantly improved the effi-
ciency of these functions in the study population
[37]. Despite the promising results, the study had
its limitations. Only 30 patients took part in it and
there was no control group, which significantly
limits the possibility of generalizing conclusions
drawn from the results of the study. This program
does not require any specialized hardware or soft-
ware licenses and could be easily replicated or
adapted to existing cognitive-behavioral depres-
sion protocols for further validation.

Conclusions

Neuropsychological deficits in depression are
a significant therapeutic challenge. Despite their
clinical improvement, they often remain even in
a state of complete remission. Their occurrence is
associated with poor therapeutic prospects, worse
socio-occupational functioning after therapy,
and a higher risk of relapse [4, 5, 38]. There is still
a marked lack of research on neuropsychologi-
cal functioning in mood disorders, and in particu-
lar on therapeutic (pharmacological and psycho-



therapeutic) impacts on this sphere of functioning.
Beck's model of depression does not include inter-
ventions directed to neuropsychological process-
es, which would be a neuro-cognitive basis for the
theorized mechanisms responsible for the devel-
opment and maintenance of depression. Newer
trends of cognitive-behavioral therapy involve more
neuropsychological processes. This is especially
true for the metacognitive model, which focuses on
the meta-level of thinking and includes training of
various aspects of attention (ATT), as well as train-
ing of detached mindfulness as an integral part of
the psychotherapy process. Available empirical
studies indicate that this model is more effective in
reducing neuropsychological deficits than Beck's
model [9]. ACT and MBCT therapies also focus on
the development of skills that are related to the
efficiency of executive functions and flexibility of
attention, i.e. cognitive processes whose deficits
are characteristic of depression. However, research
is needed to confirm their effectiveness in reduc-
ing neuropsychological deficiencies compared to
other therapeutic models. Methods that can be
used to enrich cognitive-behavioral therapies and
increase their effectiveness are interventions in the
field of cognitive remediation, which until now have
usually been used as a separate form of therapy.
The metacognitive model by Wells with his ATT
shows that these methods can be a complemen-
tary part of the classical psychotherapeutic inter-
vention. However, before new models and thera-
peutic protocols are created and the availability
of empirical research on the effectiveness of neu-
ropsychological deficits therapy is increased, all
cognitive-behavioral psychotherapists should pay
more attention to this aspect of the patient's func-
tioning. Specialists will be able to get a full picture
of the patient's condition. Neuropsychological
functioning evaluation using standardized tools
is worth considering as a standard when working
with depressed people. Future research on treat-
ing depression and preventing relapse should be
oriented towards the neuropsychological sphere.
Improving the cognitive functioning of patients will
contribute to optimizing prognosis.
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Introduction

The aim of the article is to summarise the devel-
opment of the teaching and training programme
for occupational therapy in the German part of
Switzerland over the years 2006-2019. As the
responsible program director and project man-
ager in the transition from higher education to
an academic level, the author of this article was
strongly involved in changing the professional
identity of occupational therapists in Switzer-
land. The following text presents her personal
overview of this transition. The main focus lies on
education, the change process and how acade-
misation has gradually changed the curriculum in
Switzerland.

Short presentation of Switzerland
and a comparison with Poland

Switzerland lies in the heart of Europe and is
a small country. With an area of 41,300 km?, it
is about 7.5 times smaller than Poland with its
312,700 km?. In Switzerland, there are 26 cantons
and four national languages including Swiss Ger-
man, French, Italian and Romansh. Switzerland
has 8.5 million inhabitants, while Poland has 38.4
million.

Poland has almost 3,000 occupational ther-
apists (OTs) today, with about 900 of them pos-
sessing an academic degree; this includes about
30% of all OTs. In Switzerland, despite its size, the
numbers are very similar. There are about 3,000
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occupational therapists practicing, with 40-50%
of them possessing an academic degree, and
the rest, a diploma degree. The first national OT
organisation in Poland was founded in 2015, while
in Switzerland it was founded as early as 1956.

Brief historical review of relevant
political decisions in connection
with the academicisation of the

occupational therapy profession

In order to gain a better understanding of career
development in Switzerland, some political mile-
stones relevant to occupational therapists are
explained hereafter.

Until the 1990s, the education of non-univer-
sity health professions at higher medical colleg-
es was regulated at the cantonal level and led to
a diploma degree. In 1998, with the federal decree
to establish so-called “Universities of applied
sciences", a change from cantonal sovereignty
and legislation to national legislation took place.
This means that the new regulations applied to
the entire country. The aim of this new model was
to open the educational system for people with
an apprenticeship and to give them the oppor-
tunities to develop their competences at an aca-
demic level. The contemporary Swiss landscape
of universities of applied sciences comprises
seven public universities of applied sciences and
a private one. The public universities of applied
sciences are each supported by one or several
cantons.

In 1999, the Bologna Declaration was signed.
The Declaration paved the way for academicisa-
tion in health professions, including occupational
therapy, physiotherapy, nursing, midwifery and
other medical fields.

Universities in Switzerland and the
relation to Occupational Therapy

Switzerland today has three different types of
higher education institutions: Universities, the
Swiss Federal Institute of Technology (ETH),
and the Universities of Applied Sciences. In the
canton of Zurich, where the ZHAW is situated,
the options are as follows: The most well-known
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educational establishment is the Swiss Federal
Institute of Technology (ETH), which is under
federal authority and teaches 17,000 students.
Then there is the University of Zurich, under
cantonal authority, with 26,000 students. The
Faculty of Medicine alone has about 50 insti-
tutes and clinics and teaches 2,000 students.
The third type of higher education institution is
called "Ziircher Fachhochschulen” (ZFH): It con-
sists of three public institutes of higher educa-
tion, the Zurich University of Teacher Education
(PHZH), the Zurich University of the Arts (ZHdK),
and the Zurich University of Applied Sciences
(ZHAW).

Occupational Therapy is only offered at one
German-speaking university of applied sci-
ences in Switzerland, namely the ZHAW. There
is another university of applied sciences in the
French-speaking part of Switzerland and anoth-
er one in the Italian-speaking part. Therefore,
one can study the profession in three different
universities of applied sciences in Switzerland.
The ZHAW consists of eight departments with
very different studies, for example, the School of
Management and Law, the School of Architec-
ture, Design and Civil Engineering, or the School
of Applied Psychology. The School of Health Pro-
fessions has existed since 2006, and consists
of five institutes: The institutes for Occupational
Therapy, Physiotherapy, Nursing, Midwifery, and
Health Promotion and Prevention. All institutes
have four areas of activity: The two areas that the
government supports are the bachelor and mas-
ters degrees, while research and development
are funded by third parties. The two other areas
include consultancy and services as well as con-
tinuing education. The four areas of activity make
one big difference in comparison to the previous
system: research is situated close to education,
with the idea being that the results of research
are reincorporated into education.

Transition from OT education to
university level and consequences
for the “field”

Since 2006, occupational therapy in Switzer-
land has been taught exclusively at Universities
of Applied Sciences. The decision for the aca-
demisation of the profession was instituted by



the government and justified with the high com-
plexity of the professional activity, and the high
responsibility (especially because occupation-
al therapists can practise independently). The
occupational therapists celebrated this decision
as a success, and as recognition of the achieve-
ments of the profession. But the consequence
for the two previous OT Schools in the Ger-
man-speaking part was that they had to close
in 2008/2009, and since then, two different lev-
els of professional qualifications have existed
simultaneously: The academic Bachelor of Sci-
ence degree, and the previous diploma degree.
In practice, this led to a division that caused
uncertainties and major discussions about the
job description, and what the political changes
should bring about concretely in practice. This
will be discussed in more detail later. For the
teachers working at the previous OT schools, it
was decided that they had to acquire a Masters
degree if they wanted to apply for a position at
ZHAW, therefore, the transition from OT educa-
tion to university level brought along big chang-
es for everyone involved.

In 2006, the different professional groups
such as OT, PT, and Nurses jointly started their
new Bachelor Degree Programmes — with new
teams, at a new location, under new manage-
ment and all professions consolidated. This was
a huge change both in terms of team composi-
tion and location. For the students, it meant that
everyone had to have a Higher School Certificate.
Thus, the demands on both the trainers and the
students increased at the same time. In practice,
this led to many questions and uncertainties, as
is often the case when change occurs. In 2006,
the first Bachelor Degree Programme for Occu-
pational Therapy at ZHAW included 72 students.
After accreditation in 2008, the curriculum was
refined and established in 2012. Currently, the
third bachelor curriculum is being developed.

First phase of Curriculum Devel-
opment in Occupational Therapy
from 2005-2007: an overview of
the challenges and opportunities

Hereafter, the changes and selected challenges
and opportunities related to the process of acade-

misation, the structures, and the contents will be
outlined. Challenges and opportunities are often
intertwined — therefore, both will be addressed in
the following remarks.

Challenges and opportunities related to the
developmental process from 2005-2007

The start of the curriculum development in
the year 2005/2006 was especially demand-
ing: A project team was put together to develop
the curriculum, consisting of employees of the
previous schools and new colleagues. The first
appointments were made in the course of 2006.
Some of the major points of discussion that
emerged included:

«Academic degrees are expected from teachers»

At the previous OT schools, very few employees
had an academic degree. They were all experi-
enced practitioners with a further education in
pedagogy. However, an academic degree was
now required from teachers by the university of
applied sciences. It was clear that a Master's
degree was expected, but not exactly what kind
of degree it had to be. Additionally, it was not yet
possible to acquire such a degree in Switzerland.
So the teachers went to Austria for a Master's
degree in Neurology Sciences, or did an interna-
tional Master's degree in OT or in education. The
costs for a Master's degree amounted to approx-
imately 20,000 to 25,000 Euros. The majority of
these costs were born by the employees them-
selves. The graduation was one thing, but the
question of which skills and which knowledge
were required was unsettling because they were
not defined in detail at that point.

«To develop the collaboration of a new team
coming from different countries in a new
organisation with a new head»

The project team included experienced teach-
ers and members of the previous schools. This
was of advantage on the one hand, since didactic
knowledge and teaching experience was brought
to the collaboration. But, most of the team mem-
bers did not have an academic education or train-
ing, which on the other hand was a challenge.
The developing of an academic socialisation, i.e.
a common understanding of what it means to
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teach at university level, was a challenge for the
team in the beginning. Additionally, a new head of
the Institute of Occupational Therapy was chosen
from a neighbour country, and new colleagues
from neighbour countries were employed, which
meant a variety of other challenges concerning
team building: Learning about the different cul-
tural backgrounds, and at the same time defin-
ing processes and rules in a newly founded big
organisation.

«To build collaborations
with fieldwork practitioners»

Almost a quarter of the bachelor programme in
Occupational Therapy takes place in the form of
internships. Another challenge was therefore to
recruit partners for the skill-trainings during the
fieldwork. Most of the practice partners did not
have an academic degree, and they were not used
to scientifically working with OT-theories and
models. In the beginning, some of them were crit-
ical of working together with ZHAW. Additionally,
they feared that the students would be educated
too much in theory and not in practical skills, and
they were unsettled about what the future would
bring for their own positions.

«To implement new structures
because of the Bologna system»

Due to the annual university structure, there was
less teaching time available and so-called mod-
ules with ECTS points had to be created, which
was a new system for everyone. This meant that
many pedagogical and didactic decisions had
to be made, defining new forms of teaching and
learning according to the Bologna System.

«To decide on new content such as evidence
based practices and scientific research for the
new curriculum as a team»

First of all, how the academic curriculum differed
from the previous one was defined. The different
(academic) backgrounds led to huge discussions
on what was actually important. For example, the
new head decided to install an American frame-
work to structure the OT contents systematically.
But this structure was new for the team and thus
time was needed to develop a common under-
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standing, and for internal trainings. An addition-
al topic of discussion was the imparting of skills
training in the different fields; now being justi-
fied not only with experience but also with scien-
tific knowledge. It was therefore not sufficient to
teach a procedure just because it had been taught
before — the team had to create new contents and
procedures in relation to teaching. Every content
reform needed time. Additionally, the students
of course knew immediately when teachers felt
unsure, which led to other incriminating chal-
lenges in the everyday life of the teachers at that
time. The alterations thus often led to uncertainty
in the role of the teachers.

It was decided that one of the first things to
be done was to define the competences the stu-
dents should have at the end of their studies,
which meant that interprofessional modules for
the basics in scientific working and communi-
cation skills had to be offered. A starting point
for the curriculum was thus to work together
with other health professions. Thus, a com-
mon understanding of academic workings was
developed for the health profession, which ret-
rospectively made sense, because the imparting
of knowledge about qualitative and quantitative
research was a big addition content-wise to the
curriculum.

«Offering a post graduate programme for OT
practitioners without a Bachelor's degree»

It was clear from the beginning that a postgradu-
ate programme for OTs that did not have a Bach-
elor's degree had to be offered. This was a gov-
ernmental decision to bridge the gap between the
previous and the new education. The postgradu-
ate programme was a successful model for many
years and was visited by many graduate occu-
pational therapists. They also received the title
"Ergotherapist BSc".

Visible academisation related to the first
curriculum structure 2006

In 2006, the first structure of the curriculum con-
tained 49 modules within a three year program,
11 of these modules being interprofessional
ones, and three being fieldwork modules. “New"
in the academic sense were the modules "Scien-
tific Work”, "Bachelor Thesis", and "Theories and
Models of Occupation Therapy”. The names of



the other modules were — from today's point of
view — rather conservative: The students started
with the basics in anatomy and physiology. The
first academic curriculum was therefore a mix
between the old curricula and theory concerning
Occupational Therapy.

New and previous contents in the first academic
OT curriculum 2006

The following decisions concerning the con-
tent of the curriculum were made: New modules
containing basic scientific knowledge had to be
created. For these modules, the students were
put in interprofessional mixed groups for the
first semesters. Then, OT theory and several dif-
ferent OT Models (MOHO, COPM, Bieler Modell
(the only Swiss Model), KAWA etc.) were taught.
Didactic decisions included to work case-based,
theory-based, evidence-based, problem-based
and fieldwork experience-based. A further chal-
lenge was that all teachers were expected to
refer to theories, and if possible to research and
evidence. Instead, because good evidence could
not be found for all research fields, the lectur-
ers often referred to their own experience in
the beginning. The traditional focus was put on
geriatrics, paediatrics, orthopedics, vocation-
al rehabilitation, neurology and mental health,
because these are the fieldworks in practice. In
general, it was a mix between the core strength
of the two German-speaking schools and oth-
er international curricula. Traditional western
European module titles manifested the gaps
between theory and practice: Titles such as
«OT in geriatrics» and «OT Models and Theo-
ry» made that gap visible. The content that was
decided on was in many ways a compromise of
the new team.

Insights after the first phase 2006—2009

The challenges and solutions described above
required a lot of flexibility and openness from
everyone involved, which was demanding. From
today's point of view, content alterations in the
first curriculum were only partially possible, since
team building and orientation within the new
institution took a lot of time and energy. There-
fore | conclude: too many challenges at the same
time are difficult to handle. To become a team is
very important, and you need to take enough time
and energy for this process.

Furthermore, it is important to consider the
characteristic of one's own country: adopting mod-
els and frameworks without adaptation from other
universities may not be suitable for one's own situ-
ation. Occupational Therapy is also funded differ-
ently, depending on the country. In Switzerland, it is
exclusively health insurance that pays for it; Occu-
pational Therapy is prescribed solely by doctors
and takes place mostly in a medical environment.
For the curriculum, these circumstances need to
be considered. To develop a common picture of the
goal is also very important: What kind of scientific
knowledge is expected for the Bachelor level, and
why? What does evidence-based practice mean?
What is our core task within our medical system?
Additionally, the practitioners were not involved
enough in the process of developing the curricu-
lum. Looking back, this should have been done as
early as possible.

Infrastructure as a base for good teaching

The start of the occupational therapy bachelor
programme was a temporary arrangement: there
were rooms available for offices and lessons in
various buildings on the ZHAW campus. This was
experienced as partially demanding, since a lot of
time was needed to change rooms. And yet: the
experts were allowed to teach and work in beauti-
ful and well-equipped rooms, which was appre-
ciated. In 2008, the health departments of ZHAW
moved into a new big building created specifical-
ly for them. From then on, the collaboration was
easier because everyone involved worked in the
same place.

First accreditation in 2008 and a new national

project for a common understanding of

competences of the Bachelor programme in OT

In the same year, an external group of official

experts conducted the accreditation of the occu-

pational therapy bachelor programme. The rec-

ommendations they had were the following:

> the schedule for the OT students included too
many contact hours: a bachelor programme
should offer more space for self-studies and
self-directed learning,

> because there were too many small mod-
ules, the OT students were expected to do too
many examinations (since every module had
to lead to an exam and a grade in the univer-
sity system).
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At the same time, a national project for all
health professions started: Led by the national
office for health professions, all Bachelor pro-
grammes were asked to define competenc-
es for the students at the end of their studies
("Abschlusskompetenzen”). For this cause, the
author was asked to be project manager and to
bring all three OT universities of applied scienc-
es in Switzerland together to define these aims
together. The idea was to work on a national law
for health professions, which will be implemented
in 2020. This project strengthened the profes-
sional identity by working together nationally.
There were a lot of discussions in all three lan-
guages, which supported a common understand-
ing and picture for the profession of Occupational
Therapy in Switzerland for the future.

Second phase of Curriculum
Development from 2008 to 2012:
an overview of challenges and
opportunities

Challenges and opportunities related to the
process from 2008 to 2012

The next phase of the curriculum development
began, triggered by accreditation and the defined
new competencies. The most important points of
this phase were the following:

«To implement a more occupation-based
paradigm and new competences»

Motivated by the recommendations from the
accreditation group, it was decided to create
a more modern and more occupation-based OT
curriculum. This meant to focus more on occu-
pation and less on diagnoses and illnesses.
Firstly, a detailed analysis of the actual curricu-
lum was done and discussed with the whole team
and external experts. Together, it was decided to
create a new second curriculum and therefore
to take the next steps in our professionalisation
process, and to implement the new competences.
For the team, this meant a lot of additional work,
but most of them showed big motivation because
of the participative process in which they were
involved. For others, it was too much of a change
and they unfortunately left.
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«To create new didactic concepts, for example an
OT-Skill-Concept and a big self-directed project
to enable people in occupation»

Also, the didactic approaches were modernised.
One decision for example was to create an
«OT-Skill-Concept» (on how to teach the impor-
tant occupation therapy skills) and to strengthen
the fieldwork practice in the students' exami-
nations. Another decision was to offer a new
self-directed-project with the aim of enabling
people in occupation. The students could choose
to engage either in a medical or in an emerging
OT-field.

«To learn the basic medical knowledge
in a more self-directed way»

The discussion about the medical knowledge
was challenging: What was the minimum that
OTs need to know? And what was the appropriate
form of teaching? It was decided that students
had to learn the basics themselves, and that
anatomy and pathology would not be taught in
plenary sessions anymore. Simultaneously, les-
sons for questions and repetitions were offered.

«To change the role of the teachers: From
a teaching to a supporting, accompanying role»

If the students were to study in a more self-di-
rected way, and create their own projects, the
role of the teacher changes as well: Accompani-
ment and consultation increase, while instruct-
ing decreases. The students are trusted and giv-
en more responsibility. This leads to a changing
understanding of one's role as a teacher, which
relies on reflection, and a conscious shaping of
the changing role.

«To bridge the gap between education
and practice»

The shift between theoretical and practical edu-
cation and students' occupation in fieldwork grew
within that time frame. The interventions in prac-
tice were not often occupation-based, but func-
tional because of the medical system and specific
backgrounds. Therefore, it was decided to sensitise
both lecturers and practitioners to a more occupa-
tion-based occupational therapy. By encouraging



communication with practitioners, joint congress-
es were conducted and knowledge about each
other and the different forms of work increased.

Visible academisation related to the second
curriculum structure 2012

It was decided to create fewer modules, and big-
ger modules with more creditpoints per module
instead. A new structure was chosen: Firstly, the
modules were named more occupation-based, for
example «occupation with children» or «enabling
occupation with the elderly». Secondly, mutual
occupation-based topics were taught indepen-
dently of diagnoses, for example ADL. But, diag-
noses such as apoplexy or rheumatoid arthritis
were treated with different foci with children, adults
or elderly people. The previous working fields
remained, but were slightly less prominent. In
addition, it was decided to offer the modules over
a defined period of time, e.g. 2—4 weeks, and then
conclude them with a certificate of achievement
and no longer run all of the modules during the
whole semester. Therefore, the examinations were
distributed evenly at the end of the semester, which
made it possible to work more topic-oriented and
focus on one theme over a defined period of time.

New and previous contents in the second
curriculum 2012

The second curriculum in 2012 was based on
the new national competencies referred to as
CANMED. It was also decided to work with the
OTIPM Occupational Therapy Intervention Pro-
cess Model developed by Anne Fisher. The idea
was to teach the students occupation-based
from the beginning. A different content structure
was chosen: in the first year, the focus lied on the
micro level (meaning on the client and the thera-
pist), in the second year, on the meso level (the
client, the therapist and the environment/organi-
sation), and in the third year, on the macro level
(the client in the society). Also, Occupational Sci-
ence became more important as module content.

Some of the most important points were:

«New didactic concepts: more e-learning and
blended-learning for medical knowledge and to
teach more exemplarily»

We developed e-Learning tools for anatomy
and pathology, and other basic medical content

such as, for example developmental psychol-
ogy, because of the conviction that learning the
basics must be done by the students themselves,
who are well-prepared and accompanied. Thus,
the lessons were used more and more for the
teaching of practical content, where e.g. present-
ing and explaining is indispensable (e.g. practic-
ing a transfer, guiding a group, etc.).

«To implement a concept to accompany students
and reflect how and what they learn together»

It was decided to give the students more control
over their learning, while at the same time a stu-
dent support concept was developed. Each stu-
dent was assigned to a group of approximately
seven persons and received a mentor for the
entire period of study. Together with the men-
tor and the fellow students, a regular reflection
on the acquisition of competence was stimulat-
ed. This took place individually and in groups, in
writing as well as orally. Training reflective facul-
ties as well as giving and receiving feedback are
important competences that are demanded in
everyday OT work, and that promote one's own
professionality in the sense of reasoning.

«To discover emerging fields and experience
the topic of "enabling occupation” in real life as
much as possible»

It was also decided to create a new module called
«Projektwerkstatt» (workshop) where students
learned to plan and create their own projects to
support clients in enabling occupations. Thereof
came to be many different projects, for example
«how to bring elderly people and children togeth-
er to play and cook» or doing sports with people
that cannot do it themselves. These projects
took place in practice, and we thus expanded
the cooperation with our practice trainers, which
was experienced very positively. These new fields
were in no way in competition with the exist-
ing ones. Moreover, it was about expanding the
sphere of OT activity wherever possible and use-
ful, to make the occupation more known.

Learnings after the second phase from 2008 to
2012

The biggest change of the second curriculum was
conferring more importance to the occupation
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focused attitude. At that time, the essentials of
academisation, a common comprehension, and
the new contents were already resolved. The team
building had progressed, therefore new changes
of the curriculum were possible. The decision to
put the occupation in the foreground was prob-
ably the most important. Most teachers did not
have their own practice with patients at the time,
which made it a theoretical construct at first that
needed time to be established. This focus proved
to be a positive one, but needed time to be taught
with head, heart and hand. The comprehension of
learning had developed and thus reducing con-
tent and working more exemplarily was important
to create space for new content (such as a project
about self-learning) as well as trusting the stu-
dents to connect related topics in the future.
Bringing together similar occupation-fo-
cused themes, for example «ADL», independent
from diagnoses but focussed on the age of life,
was another good decision to avoid duplica-
tion in class. In these years, research in OT grew
throughout the whole world, including Switzer-
land. The teachers were now used to working
with research knowledge from the OT profession
much more. This was a big step in profession-
alisation and in working evidence-based. The
teachers themselves were now also in a position
to use the literature as a base for examples for
the preparation of the skills-training instructions.

Outlook: Curriculum 2020

In 2018, the team started to develop a third cur-
riculum. With an increase of students and an
approaching relocation to a new and bigger build-
ing, the students should be able to study and prac-
tice in an even more personalised way. Specifical-
ly concerning the OTs, there is now a discussion
about the WFOT Minimal Standards that focus on
the macro level, and on social transformative activ-
ities (WFOT, 2016). Since there will be many more
elderly people in the future, this will influence the
daily occupations of people, and require projects or
services to be developed with the people affected.
The aim of the discussion is not only for personal
development, but for wider social change (ENOTHE
is supporting a project in this field as well).

In the future, there will not be enough OTs for
the hospitals and other medical institutions. Now,
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the aim is to find a way that the current situation
in the world and in our country can be thema-
tised publicly without weakening the situation of
the job market. Other points are: The interprofes-
sional collaboration will be extended because it
is becoming more highly valued in our hospitals.
Therefore, it was decided to strengthen the focus
of collaboration in our professions, and to work
more cased-based and closer to the reality of
the situation in the fieldwork. It is also planned to
extend blended learning activities and self-direct-
ed learning because more students are allowed in
the new building. Therefore, the time when stu-
dents are all together in the building needs to be
reduced, and more self-directed learning is offered
— as can be seen, there is always a compromise
between pedagogical thinking and reality.

Conclusions

After more than 13 years, it seems that pro-
fessionalisation is a long-lasting process and
includes much more team-development than
expected. Teaching evidence and theories is
very important and a big part of academisation.
Occupational therapists must apply this knowl-
edge, and work with it in practice. A challenge in
the Swiss process was that OTs with the previous
diplomas became scared that they were not doing
a good job anymore — they lost self-confidence.
Therefore, it is very important to bring together
old and new knowledge and support one another,
which necessitates not a competition between
academics and practitioners, but teamwork. And
if this is possible, the OT profession will be suc-
cessful in the future as well. Research is anoth-
er important part of academisation: at a univer-
sity of applied sciences, it is important that the
research takes as its point of departure questions
which arise from practice, and that the results
constitute feedback for practice. It would be ideal
if the results could also impact teaching directly.
This works especially well if teachers are involved
in research activities. To date, this has only been
possible to a limited extent at the ZHAW.
Professional identity is dependent on particu-
lar country, and on what is expected there from
the professionals. It is not something theoretical,
it is living in the everyday OT work. Every country
has its own history. This influences the profes-



sional development, and therefore the compatri-
ots can estimate best how the profession should
develop further. Ideas from other countries are
certainly helpful, but should not simply be adopt-
ed without taking the context into account. WFOT
standards are supporting as stimulation, and
ENOTHE is also a very good place to share and
discuss these themes, for example at the annual
meetings.

To conclude: the level of education of OT pro-
fessionals should eventually be the same, with
one system across the whole country. In this way,
it will be easier to develop the profession together.
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Aim. The aim of this systematic review was to assess the effect of vitamin K supplementation on anthropo-

metric parameters and adipokine levels in adults.

Material and Methods. Four databases (PubMed, Web of Sciences, Scopus and the Cochrane Library) were
searched to select studies in which the effect of vitamin K supplementation on body weight, body mass
index (BMI), fat mass, leptin and adiponectin levels were assessed.

Results. We identified nine studies that included a total of 542 subjects. Vitamin K supplementation did not
influence body weight, BMI and percentage of fat mass. In addition, the effect of vitamin K supplementa-

tion on adipokines levels was equivocal.

Conclusions. Vitamin K supplementation did not affect anthropometric parameters and adipokines lev-
els. Nevertheless, further studies are needed to clarify the effect of vitamin K supplementation on these

parameters in adults.

Keywords: vitamin K, dietary supplements, body weight, leptin, adiponectin.

Introduction

Vitamin K is a fat-soluble vitamin that occurs
in two forms: phylloquinone (vitamin K;) and
menaquinone (MK; vitamin K,). Phylloquinone is
synthesised by green vegetables such as spin-
ach, broccoli, cabbage and brussels sprouts,
whereas MK is produced by bacteria and occurs
mainly in fermented food products like cheese

Journal of Medical Science 2019;88(4)

and curd, as well as in animal products such as
meat and eggs [1, 2].

Historically interest in vitamin K has focused
on its role in haemostasis [3] and bone health [4].
Recently, much more attention was paid to the
role of vitamin K in cardio-metabolic disorders [5,
6]. Several epidemiological studies have shown
that higher vitamin K intake was associated with
improved glycaemic status and insulin homeo-



stasis [7, 8]. However, these findings are in con-
trast to the results of randomised controlled tri-
als (RCT) [9, 10]. On the other hand, a significant
association between high vitamin K intake and
a reduction in coronary heart disease was found
[11,172]. Limited evidence from human studies also
suggests that vitamin K might improve blood lipid
profile [13, 14]. Indeed, Braam et al. [13] observed
that higher phylloquinone intake was associated
with lower serum triglyceride (TG) concentra-
tions. Moreover, Koitaya et al. [15] showed that
MK-4 supplementation significantly decreased
high-density lipoprotein cholesterol (HDL-C) and
low-density lipoprotein cholesterol (LDL-C) lev-
els. Additionally, the Framingham study observed
that high serum vitamin K concentrations were
associated with lower levels of inflammatory
markers, which suggest a potential role of vita-
min K in suppression of chronic inflammation
[16], which is associated with the development
of many metabolic disturbances, such as type 2
diabetes mellitus (T2DM) and cardiovascular dis-
eases (CVD) [17, 18].

Recently, some evidence for a link between
vitamin K, body mass and adipokine levels were
found[19, 20]. Studies on an animal model showed
that long-term supplementation of vitamin K,
and MK-4 might reduce fat accumulation [19]. In
humans, Knapen et al. [20] suggested a beneficial
effect of vitamin K on fat metabolism. On the oth-
er hand, Shea et al. [21] did not find an association
between vitamin K supplementation and changes
in body weight and body composition.

Therefore, the aim of this systematic review
was to assess the effect of vitamin K supplemen-
tation on anthropometric parameters and adi-
pokine levels in adults.

Methods

Search strategy

PubMed, Web of Sciences, Scopus and the
Cochrane Library databases were searched
between October and November 2019 using the
following medical subject headings terms (Mesh)
and equivalent: "vitamin K OR vitamin K; OR vita-
min K, OR vitamin K;" AND "dietary supplements”
NOT "animals”. No time limitations were applied
in searching the databases. In addition, refer-
ence lists of retrieved articles were scanned for

searching any missed studies that met the inclu-
sion criteria. Before starting the review process,
the systematic review protocol was prepared and
registered with PROSPERO under the registration
number: CRD42017079368 [22].

Study selection

Experimental studies: RTCs, non-randomized
controlled trials and uncontrolled trials (UCT)
in English and analysing the effects of vitamin
K supplementation (as a single supplement) on
anthropometric parameters and adipokine levels
at least for 3 weeks in adults were included in this
study. Eligible studies must have reported at least
one of the following outcomes: body weight, body
mass index (BMI), serum leptin and adiponectin
concentrations. Any vitamin K or vitamin K ana-
logue intervention was eligible because we were
looking for a class effect. Co-administration with
other dietary supplements was not allowed. We
included studies that were conducted on healthy
adults worldwide, as well as subjects with a his-
tory of cardio-metabolic diseases (e.g., hyperten-
sion, hyperlipidaemia, prediabetes, T2DM or pre-
viously diagnosed CVD (defined as documented
myocardial infarction, coronary revascularisation,
previous confirmed ischaemic stroke, or periph-
eral vascular disease defined as claudication
symptoms with angiographically proven arterial
stenosis or ankle-brachial pressure index of <
0.7)). There were no restrictions based on gender,
body weight, the ethnicity of study participants,
location of study or sample size.

Quality assessment

Two investigators (JW & MJ) evaluated each
article independently in three main stages of the
extraction process (Figure 1). First, the reviewers
screened article titles, then abstracts and finally
full texts for eligibility for inclusion in the sys-
tematic review. Disagreements were resolved by
discussion between the reviewers until a consen-
sus was reached. All reviewers agreed on the final
decision of the studies to be included. Primary
authors of relevant articles were contacted direct-
ly if the data sought were unavailable or published
only in abstract form. For a quality assessment of
included publications, the checklist derived from
the "Standard quality assessment criteria for
evaluating primary research papers from a variety
of field” described by Kmet et al. [23] was used.
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Figure 1. Process of the search

Data extraction

Eligible studies were reviewed and the following
data were abstracted: 1) first author's name; 2)
year of publication; 3) country; 4) study design
and method of blinding; 5) type of intervention
(form and dose of vitamin K, route of adminis-
tration and duration of intervention); 6) number
of participants; 6) characteristic of study partic-
ipants (age, sex, origin and vitamin K intake); 7)
baseline and post-intervention serum concen-
trations of vitamin K;, menaquinone-4 (MK-4),
menaquinone-7 (MK-7), uncarboxylated osteo-
calcin (ucOC); 8) outcomes: baseline and post-in-
tervention body weight, BMI, serum leptin and
adiponectin concentrations.

Statistical analysis

Data were presented as means + standard devia-
tions (SD). A p value less than 0.05 was consid-
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ered to be statistically significant. Because of the
high heterogeneity of the included studies, the
synthesis in the form of meta-analysis was not
performed. Results from individual studies were
dealt with descriptively.

Results

Study selection

The search results are presented in Figure 1. We
retrieved 189 records from the PubMed, 310 from
the Scopus, 238 from the Web of Sciences and 67
from the Cochrane Library databases. Two addi-
tional references were identified from searching
reference lists of the included papers. We identi-
fied and removed 445 duplications, leaving a total
of 361 records. Initial screening of the title and
abstract resulted in the exclusion of 295 references



leaving 66 articles to source in full text. After fur-
ther inspection, we excluded 57 papers. The full text
was not available for one study and contact with
authors was not possible. Six papers were exclud-
ed because they were not intervention studies.
Nine studies did not meet the inclusion criteria as
they used a multivitamin supplement. The remain-
ing 41 papers were excluded as they did not report
relevant outcomes. Eventually, nine articles met the
inclusion criteria and were further analysed [14, 15,
20, 24-29], one of which two references were relat-
ed to the same population and the same interven-
tion but reported on different outcomes [25, 26].

Study characteristics

The characteristics of the included studies are
presented in Table 1. All papers were published
between 2008 [29] and 2016 [24]. Eight studies
were designed as RCTs [14, 15, 20, 24—-26, 28, 29]
and one paper was designed as UCT [27]. Five
studies were conducted in Asia [14, 15, 25-27],
three studies were performed in Europe [20, 24,
28] and one study was conducted in North Amer-
ica [29]. MK-4 supplementation was used in four
studies [14, 15, 20, 27]. Doses of MK-4 ranged
from 300 pg/d [27] to 45000 pg/d [20]. MK-7 was
supplemented in three studies [20, 24, 28]. The
dose of MK-7 ranged from 10 pg/d [20] to 360
pg/d [20, 28]. Vitamin K, was supplemented in
two studies in dose from 600 pg/d [29] to 1000
pg/d [25, 26]. The time of intervention period in all
included studies ranged from 4 weeks [25, 26] to
26 weeks [29].

Table 1. Characteristics of included studies

Population characteristics

The baseline characteristics of the study popula-
tions are presented in Table 2. In all, 542 subjects
were included in nine studies [14, 15, 20, 24—-29].
The study size varied from 15 [27] to 164 [20] par-
ticipants. The mean age of the study participants
ranged between 25 years [27] and 76 years [24] in
the intervention groups and varied from 37 years
[29] to 77 years [24] in the control groups. The
majority of the studies included only female par-
ticipants [14, 15, 25, 26, 29], while one research
was performed only in men [27]. Five papers
included only Asian participants [14, 15, 25-27],
while four studies were conducted in Cauca-
sian subjects [20, 24, 28, 29]. At baseline, vita-
min K intake was reported in seven papers [14, 15,
25-29]. In most studies [14, 15, 28, 29], vitamin
K intake was higher than the recommended dai-
ly intake (RDI) in the adult population [30]. In the
intervention groups, vitamin K intake ranged from
40.18 pg/d [25] to 243.20 pg/d [29], while similar
values were observed in the control groups.

The effects of vitamin K supplementation on
vitamin K status

The effect of vitamin K supplementation on vita-
min K, levels was analysed in three studies [14,
15, 27]. One study reported that MK-4 supple-
mentation significantly increased serum con-
centrations of vitamin K, however, there were no
differences between the intervention group and
the control group [15]. On the other hand, Naka-
mura et al. [27] observed a statistically signifi-

Main author Year Country Study design  Subjects Intervention Dose of vit. K Time of intervention
(n)* (ng/d) (week)
Fulton et al. [24] 2016 Scotland RCT® 77 MK-7 100 26
Rasekhi et al. [25,26] 2015 Iran RCT® 82 Vit. K, 1000 4
Koitaya et al. [14] 2014 Japan RCT® 48 MK-4 1500 52
Nakamuraetal. [27] 2014 Japan UCT® 15 MK-4 0-1500° 5
Dalmeijer et al. [28] 2012  The Netherlands RCT® 60 MK-7 180 or 360° 12
Knapen et al. [20] 2012  The Netherlands RCT® 42 MK-7 0-360° 12
164 MK-4 45000 156
Koitaya et al. [15] 2009 Japan RCT® 40 MK-4 1500 4
Volpe et al. [29] 2008 USA RCT® 14 Vit. K, 600 26

— Number of subjects who completed the study
— Randomized Controlled Trial
— Uncontrolled Trial

a
b
c
d
e

— Subjects received 180 pg/d or 360 pg/d MK-7 or placebo

— Subjects received MK-4 daily for 5 weeks at 0, 300, 600, 900 and 1500 pg/d in weeks 1, 2, 3, 4, and 5, respectively

f— All participants were randomised into seven groups of six subjects each. Each group received a daily supplement containing either 0, 10,

20, 45,90, 180 or 360 ug/d MK-7 for 12 weeks
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Table 2. Characteristics of subjects (n = 528)

Study Group Subjects Age (years) Sex (% of Race / Vitamin K intake at baseline
(N Mean+SD Range Women) Ethnicity (%) (pg/d). Mean + SD
Fulton et al. [24] Intervention group® 38 7614 >70 47% Caucasian — N/A
Control group 39 175 42% 100%
Rasekhi et al. Intervention group” 39 40+5 22-45 100% Asian — 62.69 * 15.45%
[25, 26] Control group 43 100% 60.94 + 14.13%
57.16 + 19.03%
55.55 + 17.73%
Koitaya et al. [14] Intervention group” 24 58+4 50-65 100% Asian — 166.00 + 81.00
Control group 24 100% 182.00 + 88.00
Nakamura et al. [27] Intervention group® 15 25° 20-29 0% Asian — 40.18 (0.00-540.27)°
100%
Dalmeijer et al. [28] Intervention group™  22° 59+3° 40-65 54%"  Caucasian — 179.00 + 136.00'
100% 24.70 £ 16.50°
Intervention group®™  18° 60 + 3° 67%" 191.00 + 167.00'
23.50 + 22.70°
Control group 20 59+3 60% 203.00 + 159.00'
26.00 +18.70°
Knapenetal.[20] Intervention group™ 6" 28+7™ 25-45 52%  Caucasian — N/A
Intervention group” 6' 217" 100%
Intervention group” 6
Intervention group™ 6"
Intervention group®™®  6°
Intervention group®™  6°
Control group 6
Intervention group™ 89" 66+6° 55-75 100%
Control group 75 6516
Koitaya et al. [15] Intervention group” 20 60+t3 53-65 100% Asian — 233.00 £ 114.00
Control group 20 59+4 100% 285.00 +223.00
Volpe et al. [29] Intervention group® 8 35+8 25-50 100 Caucasian — 243.20 £+ 174.60
Control group 6 37+10 100% 380.50 +200.20

— Number of subjects who completed the study
— Group receiving vit. K supplementation

—Median (range)

— Group received 180 pg/d MK-7
— Group received 360 pg/d MK-7

—Vit. K,

— Group received 10 pg/d MK-7
" — Group received 20 pg/d MK-7
— Group received 45 pg/d MK-7
— Group received 90 pg/d MK-7

— Men

-n=20
— Women
°=n=22

a
b
c
d
e
f
9 —Vit. K,
h
1
j
k
|
m
n

P — Group received MK-4

N/A — not available

cant decrease of vitamin K, levels, and one other
study showed no effect of MK-4 supplementation
on serum vitamin K, concentrations [14].

Three studies analysed the effect of MK-4
supplementation on MK-4 levels. All studies not-
ed that MK-4 supplementation increased MK-4
levels [14, 15, 27].

The effect of MK-4 supplementation on MK-7
levels was assessed in two studies, in which
a non-significant decrease in serum MK-7 con-
centrations was found [14, 27].
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Five studies analysed the effect of vitamin K
supplementation on ucOC levels [14, 15, 20, 25,
27]. Rasekhi et al. [25] reported that vitamin K,
supplementation significantly decreased ucOC
concentrations, while no effect was observed in
the control group. Similarly, a decrease in ucOC
levels was shown after MK-4 supplementa-
tion [14, 15, 20, 27]. The same effect was noted
by Knapen et al. [20] when MK-7 supplementa-
tion in dose from 90 pg/d to 360 pg/d was used
(Table 3).
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The effects of vitamin K supplementation on
anthropometric parameters

Changes in body weight [14, 15, 20, 25-27, 29] and
BMI [14, 15, 20, 25-27] after vitamin K supple-
mentation were analysed in seven studies, while
changes in fat mass were assessed in three stud-
ies [25, 26, 29] included in this systematic review.
Average baseline BMI values in the intervention
groups ranged from 21.10 kg/m?[15] to 28.34 kg/
m?[25, 26]. Similar values were observed in the
control groups. Following the intervention peri-
od, mean body weight, BMI and fat mass did not
change in subjects who received vitamin K; sup-
plementation [25, 26, 29]. Similar MK-4 or MK-7
supplementation did not affect body weight and
BMI (Table 4) [14, 15, 20, 27, 28].

The effects of vitamin K supplementation on
leptin and adiponectin levels
Changes in leptin levels after vitamin K supple-
mentation were measured in two studies [14, 26].
At baseline, in the intervention groups, the mean
serum leptin concentrations varied from 6.20 ng/
ml [14] to 28.59 ng/ml [26]. Similar results were
observed in the control groups. Rasekhi et al. [26]
observed that vitamin K; supplementation did
not change the leptin levels. On the other hand,
Koitaya et al. [14] reported that MK-4 supplemen-
tation increased serum leptin concentrations in
the intervention group, but a similar effect was
observed in the control group (Table 5).

The effect of vitamin K supplementation on
adiponectin levels was assessed in three stud-

Table 4. Body weight (kg) and BMI (kg/m?) changes during the intervention period in the intervention and the control groups in

selected studies

Study Intervention Group n? Body weight (kg) BMI (kg/m?) Fat mass (%)
(dose of vit. K Mean + SD Mean + SD Mean * SD
(ng/d)) Pre- Post- Pre- Post- Pre- Post-
intervention intervention  intervention  intervention intervention intervention
Fulton MK-7 (100) Intervention® 40 79.00 +15.00 N/A N/A N/A
etal.[24] Control 40 77.00+13.00
Rasekhi Vit.K,(1000) Intervention® 39 71.21+6.47 7072+6.39 2834172 2819+1.80 38.77+3.86 38.46+4.05
etal. [25, 26] Control 43 71091659 71.00+6.76 2793+1.53 2791+1.61 3855%+399 38.57+4.10
Koitaya MK-4(1500) Intervention® 24 52.20+5.60 52.90+580° 22.00+1.80 22.30+1.80° N/A
etal. [14]. 52.50 + 5.80° 22.10 + 1.90*
Control 24 5190+470 5220+520° 21.80+2.20 21.90%2.20°
52.00 + 4.90° 21.70 + 2.10°
Nakamura MK-4 (0-1500) Intervention® 15 58.55 57.95 20.60 20.10 N/A
etal.[27] (50.55-68.25)° (50.50-66.90)° (18.50-24.10)° (18.30-23.70)°
Dalmeijer  MK-7 (180) Intervention® 22 N/A 2490+3.00 0.14(0.50°)° N/A
etal.[28] MK-7(360) Intervention® 18 2370+1.90 0.18(0.80"°
Control 20 24.40+2.50 -0.06 (-0.20')°
Knapen MK-7 (0-360) Intervention® 20* 81.30 + 11.50" N/A 24.00 + 2.50° N/A N/A
etal. [20] 22" 67.60%7.40° 23.20 £ 2.70°
MK-4 (45000) Intervention® 89 66.60+8.10 66.60%8.90° 2540%2.80 25.50%3.00°
Control 75 6670820 67.60+8.70° 2550+2.40 26.00%*2.50*
Koitaya MK-4 (1500) Intervention® 20 50.20+5.80 50.00+5.80 21.10+2.20° 21.00+2.20 N/A
etal. [15] Control 20 5420+780 53.70+750° 2270+2.60 22.50%+250°
Volpeetal. Vit.K,(600) Intervention® 8 60.73+9.78 -0.14+1.35° 22.86%4.01 N/A 2504972 1.66 128"
[29] Control 6 6300+6.82 050+1.97° 22.81+2.95 28.331+6.94 1.50+1.92°

— Group receiving vit. K supplementation
— Data after 6 months of intervention

— Data after 12 months of intervention

— Median (range)

%

a
b
[
d
e
f
9 — Changes from baseline

— Number of subjects who completed the study

" — p value (difference between intervention vs. control groups) < 0.05

#— p value (baseline vs. intervention) < 0.05
N/A — not available
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ies [14, 20, 26]. In the vitamin K groups, the mean
serum adiponectin concentrations ranged from
6.20 pg/ml [20] to 14.30 pg/ml [14] and simi-
lar values were noted in the control groups. The
mean adiponectin levels increased after vitamin
K, supplementation. In addition, significant differ-
ences between groups were observed [26]. Con-
trary, Knapen et al. [20] showed no effect of MK-4
supplementation on adiponectin levels, while
Koitaya et al. [14] found a significant increase in
adiponectin levels after 12 months of interven-
tion. However, a similar effect was observed in
the control group. MK-7 supplementation had no
effect on serum adiponectin concentrations. Only
for a dose of 180 pg/d a significant decrease in
adiponectin levels was noted (Table 5) [20].

Discussion

Here we present the effect of vitamin K supple-
mentation on changes in anthropometric param-
eters and adipokines levels in adults. While the
results of the considered studies were equivo-
cal, the findings of this systematic review showed
no effect of vitamin K supplementation on body
weight, BMI, leptin and adiponectin levels.

Osteocalcin (0OC) is an abundant noncollag-
enous protein, which is synthesized by osteo-
blasts during bone formation and undergoes
a posttranslational vitamin K dependent modi-
fication, in which 3 glutamic acid residues are
carboxylated, which thereby allows the protein
to bind calcium. The circulating measure of total
OC, which includes both carboxylated osteocal-
cin (cOC) and ucOC forms, is used as a biomark-
er of bone formation, whereas serum ucOC con-
centrations are used as a marker of the vitamin
K status [31]. Previous studies have shown that
ucOC levels increase in response to vitamin K
depletion and decrease after vitamin K supple-
mentation [27, 32, 33]. These results are consis-
tent with our finding showing that vitamin K sup-
plementation might significantly reduce ucOC
levels [15, 20, 25—-27].

Studies in animal models have shown that OC
might be the mediator of energy metabolism in
the bone, pancreas and adipose tissue [24, 35]. It
was also demonstrated that subjects with a high
degree of cOC were leaner and had less body fat
than those with lower OC carboxylation. These
findings suggest that vitamin K status might be
related to subjects’ nutritional status [20]. Indeed,
Shea et al. [36] showed that women with the high-

Table 5. Changes serum concentrations of leptin (ng/ml) and adiponectin (pg/ml) during the intervention period in the intervention
and the control groups in selected studies

Study Intervention Group n? Leptin (ng/ml) Adiponectin (ug/ml)
(dose of vit. K Mean + SD Mean + SD
(wg/d)) Pre-intervention  Post-intervention  Pre-intervention Post-intervention
Rasekhi Vit. K, (1000) Intervention” 39 28.59 £ 9.61 28.29+9.86 9.19+1.80 10.44 +1.20"
etal. [26] Control 43 26.78 +10.33 25.62 +10.21 8.81+1.54 8.54 +1.87
Koitaya MK-4 (1500) Intervention® 24 6.20 + 3.60 7.20 + 4.10% 14.30 % 6.70 14.30 + 7.70°
etal. [14]. 7.80 + 4.90% 14.40 + 7.70%
Control 24 5.20+2.80 6.00 +2.40° 14.30+5.90 14.106.10°
7.60 * 3.40% 14.80 + 6.40°
Knapen MK-7 (10) Intervention” 6 N/A 7.70° 7.60°
et al. [20] MK-7 (20) Intervention® 6 6.20¢ 6.30°
MK-7 (45) Intervention” 6 8.30° 8.30°
MK-7 (90) Intervention” 6 7.00°¢ 7.40°
MK-7 (180) Intervention” 6 9.20° 7.80%
MK-7 (360) Intervention” 6 8.10° 8.10°
Control 6 8.40° 8.20°
MK-4 (45000) Intervention® 89 N/A 14.20 £+ 9.70 -1.10 + 3.80°
Control 75 14.30 +9.50 -1.10+5.00"

— Number of subjects who completed the study

— Group receiving vit. K supplementation

— Data after 6 months of intervention

— Data after 12 months of intervention

— Data from figure

— Change from baseline

* — p value (difference between intervention vs. control groups) < 0.05
# — p value (baseline vs. intervention) < 0.05

N/A — not available

a
b
c
d
e
f
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est percentage of body fat had lower serum vita-
min K concentrations and a poorer vitamin K sta-
tus. In addition, Takeuchi et al. [37] presented evi-
dence that MK-4 but not phylloquinone inhibited
adipogenesis in vitro. However, here we did not
show a significant effect of vitamin K supplemen-
tation on body weight, BMI and fat mass. Never-
theless, it is plausible that the unhealthy lifestyle
of study participants might have attenuated the
beneficial effect of vitamin K supplementation on
body weight reduction.

It has been shown that adipokines levels
might be associated with serum OC concentra-
tions [38, 39] suggesting that vitamin K might
also have an effect on adipokine levels. In addi-
tion, Kanazawa et al. [40] found that the ucOC/0C
ratio positively correlated with serum adiponec-
tin levels in men. On the other hand, Reinehr et al.
[41] studied obese children and observed no sig-
nificant relationship between serum adiponec-
tin and OC concentrations. In addition, a recent
meta-analysis did not demonstrate an effect of
vitamin K supplementation on leptin and adi-
ponectin levels. However, in their meta-analy-
sis authors did not compare the effect of a dif-
ferent forms of vitamin K on adipokines levels
[42]. Results obtained in this systematic review
assessing the effect of vitamin K supplementa-
tion on adiponectin and leptin concentrations
were equivocal. Vitamin K; supplementation did
not change the leptin levels, but a significant
increase in adiponectin levels was noted [26].
Koitaya et al. [14] reported that MK-4 supplemen-
tation increased serum leptin concentrations,
but a similar effect was observed in the control
group. On the other hand, MK-4 supplementation
had no effect on adiponectin levels [14, 20], while
MK-7 supplementation in a dose of 180 pg/d sig-
nificantly reduced serum adiponectin concentra-
tions [14]. The inconsistencies between studies
might be related to variations in study design
and intervention.

In this systematic review, we noted that the
various vitamin K supplements seem to have
partially antagonistic effects. Unfortunately, pre-
vious systematic reviews did not analyse a class
effect of vitamin K supplements on anthropo-
metric parameters and adipokines levels [42, 43].
Nevertheless, Takeuchi et al. [37] reported that
MK-4, but not vitamin K;, inhibited adipogenesis
and stimulated osteoblastic differentiation in

Journal of Medical Science 2019;88(4)

vitro. This is in line with a body of evidence that
MK-4 has direct effects on a variety of metabolic
and cellular processes by activating the steroid
and xenobiotic receptors on the nuclear mem-
brane [44]. On the other hand, Schurgers et al. [45]
reported that MK-4 had a short serum half-life
and a small area under the curve compared to
vitamin K;, whereas MK-9 displayed a long serum
half-life compared to vitamin K; or MK-4. Sato et
al. [46] also demonstrated that a nutritional dose
of MK-7 was well absorbed in humans, and sig-
nificantly increased serum MK-7 levels, whereas
MK-4 had no effect on serum MK-4 concentra-
tions. Therefore, the nutritional values of vitamin
K homologues might be differentiated with regard
to bioavailability and efficacy. In addition, sever-
al studies showed that the effects of long chain
MK such as MK-7 on blood coagulation are great-
er and longer than vitamin K; and MK-4 [47, 48].
There is also evidence that MK-7 was much more
effective than vitamin K; in increasing the degree
of OC carboxylation [49].

There are several potential explanations as to
why no significant effects of vitamin K supple-
mentation on anthropometric parameters and
adipokines levels were seen. In all studies includ-
ed in this systematic review, a daily dose of vita-
min K was above the RDI for vitamin K [14, 15, 20,
24-29], which in the United States of America is
currently set at 90 pg/d for women and 120 pg/d
for men [30]. However, it should be noted that
the current RDI for vitamin K is based on satura-
tion of the coagulation system [30] and a larger
amount of vitamin K may be required to produce
the significant effect on anthropometric param-
eters and adipokine levels [42, 43, 50]. In the
United Kingdom, the Department for Health sug-
gests that taking 1 mg or less of vitamin K sup-
plements a day is unlikely to cause any harm in
healthy individuals associated with intake of the
recommended dose [51]. In addition, some epide-
miological studies have suggested that recom-
mended vitamin K levels required for maintain-
ing health might vary according to age [50, 52].
Tsugawa et al. [52] found that the concentration
of circulating vitamin K should be maintained at
a higher level in the elderly than in young people.
Moreover, no tolerable upper limit for vitamin K
has been set with no known toxicity [30], which
suggests that for most people, vitamin K supple-
mentation is safe and had no side effects [14, 15,



20, 25-27]. Among studies included in this sys-
tematic review, only Fulton et al. [24] noted an
excess of falls and gastrointestinal side effects
in the vitamin K group compared to placebo, but
no difference in serious adverse events or deaths
was found. On the other hand, it is also probable
that the lack effect of vitamin K supplementation
on analysed parameters may be potentially due
to the short supplementation period. It is also
probable that vitamin K is not acting on pathways
thatimprove anthropometric parameters and adi-
pokine levels [42, 43]. Moreover, a possible expla-
nation lack of response to vitamin K supplemen-
tation is that unhealthy diet and lifestyle of study
participants attenuated any beneficial effect of
vitamin K supplementation.

Several limitations should be listed regarding
the study. Firstly, the number of studies that were
included in this systematic review was relatively
small. In addition, analysed studies had differ-
ent designs, used different methods of exposure
measurement and reported different outcomes.
Moreover, our findings were limited to Cauca-
sian and Asian descent and it is not clear if these
results generalize to other ethnicities. In addition,
we could not always analyse the reported out-
comes of interest because information regard-
ing variance was not always reported or provided
by authors after attempts at contact. Eventually,
despite a thorough search strategy, including grey
literature and different databases, unavailable
studies may exist, which have not been included.

Finally, the divergence between the outcomes
of epidemiological and experimental supplemen-
tation studies should be noted. While epidemio-
logical studies have long observation periods and
use vitamin K rather as a proxy for certain life-
styles, for instance, healthy nutrition rich in veg-
etables and good sources of protein, supplemen-
tation studies use vitamin K as isolated agents.
It might well be the case that it is the synergy of
vitamin K with other substances that produce
health effects that cannot be gleaned from iso-
lated supplementation. This can only be clarified
by long term supplementation studies in compar-
ison with natural cohorts [53].

On the other hand, the strength of this sys-
tematic review includes details on the charac-
teristics of the studies and study populations.
Moreover, this is the first systematic review that
assessed the effect of vitamin K supplemen-

tation on anthropometric parameters. Recent
meta-analysis measured the effect of vitamin
K supplementation on the cardiometabolic risk
factor but did not take into account the effect of
vitamin K supplementation on body weight, BMI
and fat mass [54].

Conclusion

Currently available data showed no effect of vita-
min K supplementation (K;, MK-4 or MK-7) on
body weight, BMI, fat mass, leptin and adiponec-
tin levels. Nevertheless, further studies are need-
ed to evaluate the role of vitamin K on nutrition
status and adipokines levels.
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Cancers still constitute an important health burden, due to their high incidence and mortality. The discov-
ery and clinical implementation of novel sensitive diagnostic markers could improve treatment outcomes.
Circulating cell-free DNA (ccfDNA) offers great promise for the development of new molecular biomark-
ers. However, the analysis of ccfDNA methylation poses significant challenges due to ccfDNA fragmenta-
tion and low concentration in the blood. Techniques which have recently been developed for liquid biop-
sy studies have been adapted to the detection of trace amounts of ccfDNA. This mini-review focuses on
recent technological advances which allow the discovery of new sensitive and specific liquid biopsy cancer

biomarkers based on DNA methylation detection.

Keywords: cancer; biomarkers; liquid biopsy; circulating cell-free DNA; cfDNA; ctDNA; DNA methylation.

Introduction

Cancers are one of the main health burdens, with
about 17 million new cases and 9.6 million deaths
worldwide in 2018 [1]. Due to their high incidence
and mortality, there is an urgent need for new
diagnostic methods. The gold standards in can-
cer management, thus far, are tissue biopsy and
protein-based biomarkers, but recently, rising
enthusiasm for the development of so called ,lig-
uid biopsies” has been noted [2]. A liquid biop-
sy avoids invasive sampling because it relies
on the analysis of cancer-derived components
which circulate in the bloodstream, e.g. circulat-
ing tumour cells, exosomes or tumour-derived
DNA, or which are present in other biological flu-
ids, e.g. the saliva or urine. Importantly, a liquid
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biopsy is expected to overcome issues regarding
tumour heterogeneity, since it should reflect the
characteristics of virtually all cancer cell sub-
clones, in contrast to tissue biopsies. This article
focuses on recent methodological advances in
the detection of DNA methylation in a liquid biop-
sy, which may potentially bring it closer to wider
clinical use.

Characteristics of ctDNA

The field of liquid biopsy studies was significant-
ly stimulated by the discovery of the presence of
circulating cell-free DNA (ccfDNA) in the blood.
ccfDNA is typically 80—200 bp in length, but + 147
bp-long fragments are most prevalent, since this



is the average length of DNA participating in
nucleosome formation. ccfDNA is released into
biological fluids mainly as the result of apoptotic
or necrotic cell death, but other mechanisms are
also possible, e.g. active release. It can be found
not only in the blood, but also in the urine, cere-
brospinal fluid and saliva of healthy and cancer
subjects. Physiologically, its blood concentration
is low, but it can be elevated, e.g., in inflammatory
diseases, after intensive physical training or dur-
ing pregnancy [3]. Many studies investigated the
applicability of the assessment of free-circulating
tumour-derived DNA (ctDNA) in cancer diagnos-
tics [4,5]. It is widely accepted that the blood con-
centration of cell-free DNA is significantly higher
in cancer patients in comparison to healthy con-
trols, and it depends on the cancer stage (tumour
size and vasculature). The total concentration of
ctDNA in the plasma ranges from undetectable
amounts up to ~1000 ng/ml in advanced cancers
[7]. Much is already known in terms of ctDNA iso-
lation, storage and handling [3]. Apart from sim-
ple quantitation, ctDNA can be used in the clinic
to detect cancer-specific mutations or assess
ctDNA methylation pattern changes [2, 6, 7]. The
analysis of the ctDNA methylation profile shows
the greatest promise, because it allows for early
detection and is considered to be tissue-specific
in many cancers [8].

Methods of ctDNA methylation
analysis

There is extensive data concerning methyla-
tion-based biomarkers in different cancers [4,8],
but the number of commercially available tests
is limited to just one, namely the FDA-approved
Epi proColon® 2.0 CE (Epigenomics, Germany). It
utilises the HeavyMethyl technique to detect the
methylation of SEPT9 in serum. The analysis of
SEPT9 methylation showed high sensitivity and
specificity in the detection of colorectal can-
cer, although it did not outperform other avail-
able tests (e.g. FIT) when used in asymptomatic
patients [9]. Nevertheless, the advantage of this
type of assay lies in its non-invasive nature in
comparison to troublesome faecal analysis or
colonoscopy. Thus, blood-based liquid biopsies
are preferable because of potentially high patient
compliance.

The amount of ctDNA in the plasma is usu-
ally insufficient to analyse the methylation of
more than a single gene per sample when using
standard methods. However, reliable detection of
most types of cancer usually requires the assess-
ment of a panel of several genes. Thus, methods
suitable for DNA methylation-based liquid biopsy
should not only detect trace amounts of DNA, but
also allow for the analysis of highly fragment-
ed ctDNA in multiplexing formats. This means
that as little as 7-10 pg of methylated DNA can
be detected. Moreover, an amplicon length of up
to 100 bp long is preferable in assays analysing
short DNA fragments. ctDNA is always accom-
panied by some ccfDNA shed by other types of
cells, thus the epigenetic background stemming
especially from blood cells is always a pos-
sible problem. To minimise this risk, only genes
whose methylation has been confirmed to be
cancer-specific should be included in diagnostic
panels. All of these factors need to be taken into
account when designing assay conditions.

Several improved techniques for the sensi-
tive detection of ctDNA methylation have been
described recently (Table 1). They have been suc-
cessfully implemented in the search for cancer
biomarkers (Table 2). Due to the low concentra-
tions of ctDNA in blood samples, the enrichment
of target sequences, e.g. by the addition of carrier
nucleic acid and/or by nested PCR, is frequently
necessary in the first steps of the analysis. In this
regard, the use of whole genome amplification of
bisulfite-converted ctDNA does not seem to yield
satisfactory results.

PCR-based methods focus on site-specific
analysis of one or several DNA regions [10,11].
One of the most interesting variants of quantita-
tive methylation-specific PCR (qMSP) is cMeth-
DNA. This modification of multiplex gMSP uses
gene-specific standards and a two-step PCR pro-
cedure — enrichment of the target regions by mul-
tiplex-nested PCR followed by probe-based signal
detection. It is relatively simple, but very robust —
it allows for the sensitive detection of 1 methylated
in 100,000 unmethylated copies. The examination
of a panel of 10 differentially methylated genes
using this approach allowed for highly sensitive
and specific detection and monitoring of meta-
static breast cancer [12]. On the other hand, next
generation sequencing (NGS)-based methods
simultaneously analyse hundreds or thousands
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Table 1. Comparison of different DNA methylation-based techniques used in liquid biopsy studies

Method Advantages Disadvantages Additional information Amount of Number of Reference
sample analyzed regions
required per sample
ddMsP High sensitivity ~ Multiplexing is Allows for absolute 0.9 mlplasma 12 genes and 4 [18]
challenging quantitation internal controls
High throughput
Relatively high cost
cMethDNA High sensitivity Modification of gMSP,two 0.3 mlserum 10 genes [12]
sequential PCR reactions
High throughput  Complex assay
design Multiplex reaction in
Relatively low preamplification step
cost
External control added
MCTA-seq Very high number Low throughput Low potential clinical 2mlplasma  Thousands of [15]
of analyzed usefulness due to complex promoters
genes analysis adjacent to CpG
tandems
Low sequencing  High cost
depth required
qMSP High throughput  Limited number of  One tetraplex reaction (3 ~ 35-70 ml urine Up to 4 genes [17]
multiplexed genes  test genes + reference gene
Relatively low on one sample)
cost Challenging Several multiplex reactions 2-3mlplasma 9 genes 9]
Optimization of PCR on one sample
conditions
QM-MSP  High throughput Complex assay Similar to cMethDNAbut 0.3 mlserum  Up to 12 genes [20]
design without external standards
Relatively low
cost Results based on detected
ratio of methylated vs
unmethylated DNA

of regions [13, 14]. MCTA-Seq is a very interesting
technique combining the sensitivity of PCR and
the high throughput of NGS. The key idea of this
technique is to use primers flanking CpG tandem
repeats, which are found in many gene promoters,
amplify them, and perform genome-wide analysis
of the products. Such a workflow overcomes the
problem of high DNA input required for NGS and
the low ctDNA quantity in the bodily fluids [15].
However, the implementation of NGS-based tech-
niques in diagnostic laboratories is problematic
due to the high cost, thus this assay will rather be
used for scientific investigations only.

Conclusions

We are currently experiencing a significant
increase in the number of publications concern-
ing ctDNA analysis [16]. Technological advances
have made it possible to sensitively detect meth-
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ylation in trace amounts of ctDNA. Unfortunately,
knowledge about differentially methylated genes,
coming from studies in large cohorts of patients,
is still lacking. This problem can potentially be
solved in the coming years thanks to the GRAIL
consortium initiative [17]. Its aim is to create
a Cell-free Genome Atlas, and thus fill almost all
of the gaps in our understanding of ctDNA biol-
ogy. Such data would be invaluable for any future
applications. If successful, it will be a major
breakthrough in the field of blood biomarker test-
ing in precision medicine.

Acknowledgements

Conflict of interest statement
The authors declare no conflict of interest.

Funding sources
This paper was supported by a grant from The National
Centre for Research and Development (POIR.04.01.04-
00-0003/17-00).



Table 2. Recent examples of liquid biopsy biomarkers based on the analysis of ctDNA methylation

Method Sensitivity/ Cancer type Genes analyzed Clinical utility Reference
specificity
qMSP 52-59%/ HNSCC SHOX2 Detection [21]
95-96% SEPT9 Prognosis (survival)
Monitoring
(recurrence)
qMSP 78%/84% (1 in Colorectal SEPT9 Early detection [9]
3 replicates) cancer
73%/96% (2 in
3replicates)
qMSP 63%/86% Lung cancer cDo1 Detection [22]
TAC1
SoX17
qMSP, 49-65%/ HNSCC SHOX2 Detection [23]
quasi-digital PCR 88-94% SEPT9
Multiplex qMSP T2%/T4% Breast APC, FOXAT, RASSFI1A Detection [19]
Colorectal
Lung
cMethDNA 91%/96% Breast AKR1B1, COL6A2, GPX7, HISTTH3C, Dectection [12]
HOXB4, RASGRF2, TM6SFI1, Treatment response
ARHGEF7 TMEFF2, RASSF1
methylBEAMing NA Glio-blastoma MGMT Treatment response [24]
methyIBEAMing NA Colorectal EYA4, GRIA4, ITGA4, MAP3K14- Prediction of [25]
cancer AS1, MSC response to
regorafenib
Bisulfite sequencing  79.5-92.7%/ Lung cancer 9 regions Detection [26]
85.2-92.8%
Targeted bisulfite NA Hepato-cellular 10 markers Prognosis [27]
sequencing carcinoma (survival)
8 markers Treatment response
MCTA-seq 94%/89% Hepato-cellular  RGS10 ST8SIA6 RUNX2 VIM and Early detection [15]
carcinoma 15 regions
cfMeDIP-Seq NA Pancreatic Thousands of differentially Early detection [28]
cancer methylated CpGs

HNSCC - Head and Neck squamous cell carcinoma, MSP — methylation-specific PCR, NA - data not available, sensitivity — proportion of
cancer case subjects who test positive for the biomarker, specificity — proportion of control subjects who test negative for the biomarker
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ABSTRACT

The project “Recovery from bone loss, diminished mineral density and strength in mice after treatment
with steroidal and nonsteroidal anti-inflammatory drugs by injection of exosomes enriched with agomir
miRNAs" is an animal experiment project, and an attempt to apply small RNA strands to reverse the harm-
ful effects of anti-inflammatory drugs. Patients chronically treated with an anti-inflammatory drug suffer
from musculoskeletal side effects, including reversed mineralisation and disabled bone fracture healing.
The aims of the study are to measure changes in bone mineral density and bone strength in mice treated
with methylprednisolone or diclofenac in combination with treadmill exercise. The reversal of the nega-
tive effects of these drugs will be assayed using modified miRNA agomir. Bones obtained from the treated
mice will be analysed using micro-CT, dynamic mechanical analysis (DMA), nanoindentation, Raman spec-
troscopy and gene expression. We expect to find specific miRNA counteracting the demineralisation of the
mice bones caused by methylprednisolone or diclofenac.

Keywords: methylprednisolone, diclofenac, miRNA, bone, exercise, bone strenght.
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Figure 1. A general overview of the project

General information

The project "Recovery from bone loss, diminished
mineral density and strength in mice after treat-
ment with steroidal and nonsteroidal anti-inflam-
matory drugs by injection of exosomes enriched
with agomir miRNAs" was awarded by the Pol-
ish National Science Center (NCN) under project
number: 2016/21/B/NZ7/02748 (OPUS 11 com-
petition). The duration of the grant is 36 months,
from 3™ March 2017 to 2" March 2020. The con-
tract between NCN and Poznan University of
Medical Sciences (PUMS), Poland, was signed on
3 March 2017.

Management

The Principal Investigator of the grant is profes-
sor Maciej Gtowacki, Department of Paediatric
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Orthopaedics and Traumatology, Poznan Univer-
sity of Medical Sciences.

The main Co-Investigator of the grant is dr
Tomasz Lehmann Department of Biochemis-
try and Molecular Biology, Poznan Universi-
ty of Medical Sciences. In addition, the Co-In-
vestigators in alphabetical order are: prof. dr
hab. Pawet Jagodzinski, dr Pawet Kotodziejski,
prof. dr hab. Stawomir Mielcarek, dr Marek
Nowicki, prof. dr hab. Celina Pezowicz, dr Ewa
Pruszynska-Oszmatek, prof. dr hab. Stawomir
Szybowicz, dr hab. Aleksandra Trzaskowska, and
dr Magdalena Wojtkow.

Ethics

The experiments were approved by the Local Eth-
ics Commission for Investigation on Animals,
Poznan University of Life Sciences, 14™ July 2017.



Finance

The total amount of grant funding is PLN
620,750 (about 145,000 Euro). The amount of
funding in the first year is PLN 243,750 (about
56,937 Euro). Grant funds were designed to pur-
chase animals, equipment, and reagents, and
also to cover the personnel costs of the proj-
ect participants, and the dissemination of the
research results, such as publications in peer
reviewed journals.

Research Project Objectives

Rehabilitation after hip replacement, bone fracture
healing, and other orthopedic operations require
the application of steroidal and nonsteroidal
anti-inflammatory drugs (NSAIDs). In bones, glu-
cocorticoids (GC) act on osteoblast cells revers-
ing the mineralisation of the extracellular matrix
[1. When treated with these steroids, patients
suffer from musculoskeletal side effects; mainly
accelerated bone loss [2]. Consequently, frac-
tures of the femur and spine are a frequent con-
sequence of GC treatment in 30—50% of patients.
This medication causes apoptosis of osteoblasts
and osteocytes and depresses osteoblastic func-
tion, simultaneously acting on the expression of
many genes in the bones [3].

Chronic inflammation triggers bone loss
as a result of fractures, infection, non-unions,
arthritis, osteoporosis, metabolic bone disease,
tumours and post-operative complications [4].
The production of pro-inflammatory prostaglan-
dins are a required component of normal frac-
ture-healing, implicating that cyclooxygenase
inhibitors such as non-steroidal anti-inflammato-
ry drugs (NSAIDs) may directly influence osseous
repair [5]. NSAIDs interfere in the rehabilitation of
post-traumatic bone fractures and post-opera-
tive healing of bones after hip replacement and
other types of orthopedic surgery.

Mineralisation is the main factor of bone
strength and mechanical resistance, the applica-
tion of anti-inflammatory drugs diminishes the
mechanical properties of bone [6, 7].

Several strategies have been proposed to
assist in the recovery of the adverse effects of
analgesic treatment on the skeletal system [8].
Calcium, vitamin D supplementation and bis-

phosphonates treatment are the most appropri-
ate strategies to prevent glucocorticoid-induced
bone-loss in patients [9]. Another method to
diminish the side effects is hormone replacement
therapy for women (HRT) applied to diminish
the osteoporosis outcome [10]. The long-lasting
strategy that can delay the onset of GC-induced
osteoporosis is exercise. Osteogenesis is induced
by exercise and promotes bone anabolism. How-
ever, there are no current data comparing train-
ing with concomitant analgesic pharmacologi-
cal intervention [11, 12]. There is little data on the
impact of the composed effect of NSAIDs or GC
on trained mice, and ambiguous results of stud-
ies showing the impact of physical exercises on
bone strength.

New experimental approaches take advan-
tage of knowledge covering gene expression
and the role of small nucleic acid oligonucle-
otides (mMiRNAs) in the homeostasis of the bone
microenvironment [13]. As a result of these stud-
ies, several miRNA were proposed as potential
anti-bone-loss agents.

In our project, we intend to follow this
research using microcomputer tomography
(u-CT) for detailed examination of the bone
structure in situ. We also want to extend this
approach by a complementary study of bones
using dynamic mechanical analysis (DMA), gene
expression, nanoindentation, and Raman spec-
troscopy. Such an approach to ex vivo studies
has so far rarely been applied to mice treated
with GC s, and NSAIDs in combination with exer-
cise. There is also a small number of papers
describing p-CT, mechanical and histological
methods applied to assess bone strength with
miRNA treatment.

Aim

The aims of the study are a) to treat mice with
methylprednisolone or diclofenac and mea-
sure changes in bone mineral density and bone
strength, b) to produce exosomes containing the
modified miRNA agomir by the synthesis of mod-
ified miRNA agomir (miR-29a or miR216a), and
the transfection of mouse mesenchymal stem
cells, and c) by injecting the exosomes into mice,
to promote bone re-mineralisation and increase
the bone strength.

Anti-inflammatory drugs impact on bones
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Research Plan and Basic Concept

Step |

Estimation of bone mineralisation and mechani-

cal strength in mice treated with diclofenac, and

methylprednisolone in combination with exercise

> Mice treatment with diclofenac or methyl-
prednisolone for four weeks in combination
with enforced treadmill exercise.

> Mice termination, analysis of bones by
micro-CT dynamic mechanical analysis
(DMA), nanoindentation, Raman spectroscopy
and gene expression (Figure 1).

Step Il

Selection of miRNA with the highest remineralisa-

tion potential using mouse osteoblasts in culture

> Synthesis of oligonucleotides miR-29a, miR-
216a, and miR-150.

»  Transfection of osteoblast cell line MC3T3-E1
by oligonucleotides. After four days of incuba-
tion, cells will be harvested and the mRNA will
be extracted.

> Analysis of mRNA profile for 10 genes involved
in mineralisation, including genes regulated
by miR-29a and miR-216a.

> Specific miRNA which strongly reverses the
effect of the anti-inflammatory drug will be
selected for further studies.

> Selected miRNA will be labelled with Cy5 and
transfected into MC3T3-E1 cells.

> Extraction of exosomes and miRNA from exo-
somes. Measurement of selected miRNA in
exosomes by RT-PCR.

Step Il

Production of exosomes with selected miRNA in

bone marrow mesenchymal stem cells

> Selected miRNA will be labelled with Cy5 and
transfected into MSCs.

> Transfection of MSCs with the plasmid system
introducing GFP to the exosomes.

> Extraction of labelled exosomes and miR-
NA from the exosomes. Measurement of the
selected miRNA in the exosomes by RT-PCR.

> Treatment of MC3T3 with the labelled exosomes
with miRNA, analysis of gene expression.

Step IV

Injection of exosomes into mice treated with
anti-inflammatory drug

Journal of Medical Science 2019;88(4)

> Injection of labelled exosomes into mice treat-
ed with the anti-inflammatory drug.

> Treatment of the mice with diclofenac or
methylprednisolone for 4 weeks.

> Mouse termination, and analysis of bones with
fluorescent microscope, by p-CT dynamic
mechanical analysis (DMA), nanoindentation,
Raman spectroscopy, and gene expression.

Step V

Vector-driven expression of selected miRNA in

bone marrow mesenchymal stem cells and injec-

tion into mice treated with anti-inflammatory

drug

> Construction of plasmid lentiviral vector bear-
ing the selected miRNA.

> Transduction of MSCs with lentivirus encod-
ing the selected miRNA and extraction of exo-
somes.

> Injection of the labelled exosomes with the
selected miRNA into mice and treatment of
the mice with the anti-inflammatory drug for
4 weeks.

> Mouse termination, analysis of bones by p-CT,
DMA, nanoindentation, Raman spectroscopy,
and gene expression.

> Analysis of the mRNA profile in the bones for
10 key genes involved in mineralisation.

> Incubation of human femur explants with
osteoporosis treatment with the labelled exo-
somes. Analysis of the mRNA profile in the
bones.

Research Methodology

1. Animals. 8-week-old female mice will be ran-
domly divided into six treatment groups (n = 10).
The mice will be intraperitoneally injected with
5 mg/kg/day of methylprednisolone or diclofenac.
After four weeks, these mice will be terminated by
an overdose of Pentothal. The bones (femurs and
tibias) will be obtained.

2. Enforced treadmill exercises. The animals
will be subjected to a running procedure using
a rodent horizontal treadmill at 12 m/min. for
30 min./day (5% gradient).

3. Dynamic Mechanical Analysis (DMA) is
a physical method used to measure the mechani-
cal properties of materials. DMA makes it possi-
ble to specify a storage modulus, a loss modulus



and a composite modulus. These moduli enable
a bone sample's the ability to retain energy to be
determined along with the ratio of its absorption.
4. Micro-computed tomography (u-CT) To mea-
sure the microstructure of the bone, the bone
mineral density, and other parameters, the sam-
ples will be analysed using a u-CT scanner and
associated analysis software.

5. Raman spectroscopic analysis of mouse tibia
chemical composition. In order to determine the
changes in the mineral and organic structure of the
compacted tissue of the tibial bones of the mice,
Raman light scattering studies will be conducted
using a confocal Raman microscope. It will allow
the index of bone mineralisation MI (mineralisation
index) to be determined. In order to investigate the
guantitative changes in a mineral component, the
ratio of integral intensities of these bands (CO,*/
PO,%), the Cl (carbonate index) will be used.

6. Nanoindenter micromechanical analysis. Opti-
cal measurements will be performed using a laser
confocal measuring microscope. The indenter
registers the force versus depth curve by making
an indent. During the test, the force applied to the
indenter tip oscillates sinusoidally, which allows
a quasi-continuous determination of the hardness
value and bone elasticity module. The measure-
ment will be carried out for a depth of indentation
between 400 and 2400 nm from the cross-section-
al area. The hardness and modulus of elasticity will
be determined at 10-15 points in the middle of the
cross-section of the bone wall on each bone.

7. Cell lines. A multipotent immortalised mouse
mesenchymal cell line will be cultured in mesen-
chymal stem cell culture media according to the
protocol of the cell line supplier.

The MC3T3-E1 mouse osteoblast cell line
will be cultured in a mineralisation medium. The
cultures will be induced to differentiate by trans-
ferring the cells, after detachment, into a culture
medium supplemented with L-ascorbic acid and
glycerol phosphate at final concentrations of
50 mg/ml and 10 mM, respectively.

8. Oligonucleotide synthesis, labelling Cy5. Syn-
thetic oligonucleotides, agomirs, antagomirs and
their Cy5-labelled counterparts will be ordered
from a high quality external service as siRNA.

9. mRNA extraction. The bone material des-
ignated for molecular testing will be stored at
-80°C. Prior to RNA isolation, the bones will be
mechanically powdered in liquid nitrogen. Total

RNA obtained from the bones and also from the
cultured cells will be extracted, quantified and
stored at -80°C. Real time RT-PCR will be used to
measure gene expression and the levels of spe-
cific miRNA in the bones and MC3T3-ET1 cells.

10. GFP labelling of exosomes and extraction.
A lentivector-based method expressing CD63,
CD9 or CD81 fused to GFP will be applied to the
staining of the exosomes. These vectors will be
used for transfections of MSCs to produce green
exosomes. The green exosomes will be extracted
with an Exosome Isolation Kit.

Other lentivirus system vectors will be used to
clone selected miRNA, which will be used in the
constitutive production of agomirs and antago-
mirs. The vectors will be used for transfection,
viron production in 293T cell line packing cells
and the transduction of MSCs.

11. Fluorescent microscopy, confocal micros-
copy. Examination of the fluorescently labelled
cells/exosomes will be carried out using fluores-
cence and confocal microscopy. Flow cytometry
finds particular application for testing exosome
purity and the presence of GFP and Cy5.

12. Matrix mineralisation will be detected by aliz-
arin red S (ARS) staining. The cells will be stained
with calcium alizarin red staining kits and quanti-
fied by spectrophotometer. The results of Alizarin
Red staining will be expressed as ng/mg protein.

Measurable Effects and Expected
Results

In step | the interference of methylprednisolone
and exercise, or diclofenac and exercise, on the
mice's bone structure, composition and mechan-
ical strength will be determined.

In step Il an anti-demineralisation miRNA will
be selected in osteoblast cells in culture.

In step Il exosomes containing selected
anti-demineralisation miRNA will be produced.

In step IV exosomes will be injected into mice to
achieve transient stimulation of bone rebuilding.

In step V exosomes will be efficiently pro-
duced in vector-transduced cell lines.
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ABSTRACT

The primary objective of the study is to compare the effect of endurance and endurance-strength training
on endothelial function in women with abdominal obesity. The secondary objectives include the assess-
ment of the effect of both types of training on anthropometric, densitometric and biochemical parameters.
In total, at least 100 women will be recruited for the study. The study population will be randomly divid-
ed into two groups according to the type of training: endurance and endurance-strength training. During
the 3-month of intervention, both groups will be performed three times a week training of an equal exer-
cise volume and duration of 60 minutes. Before and after the intervention selected anthropometric and
densitometric parameters will be measured and body composition will be analysed. In addition, biochemi-
cal parameters related to glucose and insulin homeostasis, lipid metabolism, antioxidant status, oxidative
stress, inflammatory markers and endothelial function will be assessed.

Keywords: endurance training; endurance-strength training; endothelial function; cardiovascular risk.

Research Project Objectives endothelial function in women with abdominal

obesity. The secondary aims include the assess-
The primary aim of the study is to assess the effect ment of the effect of both types of training on
of endurance and endurance-strength training on anthropometric parameters, body composition,
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densitometric parameters, glucose and insulin
homeostasis, lipid metabolism, oxidative stress,
antioxidant status and inflammatory markers.

Research Plan and Basic Concept

Basic Concept
Itis well known that excessive body weightincreas-
es the progression of atherosclerosis [1]. One of
the indicators of atherosclerosis is endothelial
dysfunction which is also an independent risk fac-
tor for cardiovascular diseases [2, 3]. Several, albe-
it not all, studies have shown that regular physi-
cal activity may reduce the risk of atherosclero-
sis by the improvement of endothelial function [4,
5]. Regular training has also been shown to have
other health-promoting properties such as: weight
reduction, lowering blood pressure, improving lipid
profile and glucose-insulin metabolism [4].
Current guidelines suggest that endurance
training should be recommended for obese sub-
jects [6-9]. It has been shown that this type of
exercise has a beneficial effect on the reduction
of body weight and improves cardiometabol-
ic parameters [10]. On the other hand, strength
training also contributes to the reduction in body
weight, has a positive effect on body composition
and reduces the risk of metabolic abnormalities
related to obesity [10, 11]. Therefore, we suppose
that the implementation of strength components

Table 1. The inclusion and exclusion criteria

Inclusion criteria

for endurance training might intensify the benefi-
cial effects of physical activity. However, results
of studies comparing the effect of endurance and
endurance-strength training on cardiovascu-
lar risk and endothelial function parameters are
equivocal [10-12]. Therefore, randomised con-
trolled trials are needed, which would compare
the effects of endurance and endurance-strength
training in obese subjects.

Study population

Adult women with abdominal obesity will be
recruited to the study. The inclusion and exclu-
sion criteria are presented in Table 1. The study
population will be informed that participation is
voluntary and that each participant can withdraw
at any time without providing reasons, as well as
all the subjects will receive the detailed informa-
tion about the study protocol. Written informed
consent will be obtained from all participants.
The present study will be conducted according to
the guidelines of the Declaration of Helsinki. The
protocol was approved by the Ethics Commit-
tee of the Poznan University of Medical Sciences
(refs. 1077/12 with supplement 753/13).

Study design

The study is designed as a prospective ran-
domised trial. Subjects will be randomly divid-
ed into two groups: endurance and endur-
ance-strength training, using a randomisation

Exclusion criteria

— Age 50-60 years — Secondary form of obesity

— Obesity (body mass — Secondary form of hypertension
index (BMI) > 30 kg/m?) — Type 2 diabetes mellitus
— Waist circumference >  — History of coronary artery disease
80 cm — Stroke
— Apercentage of body ~ — Congestive heart failure, clinically significant arrhythmias or conduction disorders
fat assessed by — Malignancy
bioimpedance > 33% — History of use of any dietary supplements within 3 months before the study
— Stable body weightin ~ — Poorly controlled hypertension (mean systolic blood pressure > 140 mmHg and/or mean diastolic

the month prior to the

blood pressure > 90 mmHg) during the month prior to the trial and/or necessity to modify

trial antihypertensive treatment in the last 3 months
— Lipid disorders requiring the implementation of drug treatment in the last 3 months
— Abnormal liver, kidney, or thyroid gland function
— Clinically significant acute or chronic inflammatory process within the respiratory, digestive or
genitourinary tract or in the oral cavity, pharynx or paranasal sinuses or connective tissue disease

or arthritis
— History of infection in the month
— Nicotine, alcohol or drug abuse

— Pregnancy or childbirth at enrolment or in the 3 months before enrolment, breast-feeding in the 3

months prior to enrolment

— Any other condition that would make participation not in the best interest of the subject, or could
prevent, limit or confound the efficacy of the study

Journal of Medical Science 2019;88(4)
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Figure 1. Scheme of the study

list. Both groups will perform 3-month of physi-
cal training which will vary only in the nature of
the effort but have a comparable exercise vol-
ume. Aside from the training, all subjects will be
instructed to maintain the physical activity and
they dietary habits as they have previously led.
At the baseline and after the 3-month of inter-
vention anthropometric parameters, body com-
position, densitometric parameters, markers of
endothelial function, oxidative stress, antioxidant
status and inflammatory markers, as well as glu-
cose and insulin homeostasis and lipid metabo-
lism will be assessed. The scheme of the study is
presented in Figure 1.

Intervention

The 3-month intervention will consist of a physi-
cal exercise programme, including three sessions
of training per week. The training will be per-
formed under the supervision of a qualified and
certified fitness instructor and medical supervi-

v

Statistical analysis
Publication of results

sion. A single workout will last 60 minutes The
endurance group will undergo training on cycle
ergometers (Schwinn Evolution, Schwinn Bicy-
cle Company, Boulder, Colorado, USA). Training
sessions will consist of 5 minutes of warm-up,
45 minutes of training at an intensity between
50-70% of maximum heart rate (HR), 5 minutes
of cycling without load and 5 minutes of clos-
ing stretching and breathing exercises. Simi-
larly, endurance-strength training will consist of
5 minutes of warm-up, 20 minutes of strength
exercises at 50—60% of one repetition maximum,
25 minutes of endurance exercises on cycle
ergometers (Schwinn Evolution, Schwinn Bicycle
Company, Boulder, Colorado, USA) of intensity
between 50-70% of maximum HR, 5 minutes of
cycling without load and 5 minutes of closing
exercises. The strength component will involve
exercises with a neck barbell and a gymnastic
ball. The general scheme of the training plan is
presented in Figure 2.
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Graded Exercise Test (GXT)

To determine the subjects’ physical capacity, GXT
will be performed at the beginning of the inter-
vention on an electronically braked cycle ergom-
eter (Kettler DX1 Pro, Ense-Parsit, Germany). GXT
will begin at a work rate of 25 W. The work rate
will be incremented by 25 W every 2 minutes until
the subject could no longer maintain the required
pedal cadence. Expired gases and minute ventila-
tion will be monitored continuously with an auto-
mated system (Oxycon Mobile; Viasys Health-
care, Hoechberg, Germany). Oxygen intake (VO,)
and carbon dioxide output (VCO,) will be mea-
sured. VO, peak, HR peak, time to exhaustion and
maximal work rate will be assessed. To determine
the ventilatory threshold, the V-slope method and
the ventilatory equivalent method will be used.

Physiological parameters and markers related to
the function of endothelium

Blood pressure will be measured at baseline
and after the intervention period according to
guidelines of the European Society of Hyperten-
sion [13]. Artery flow mediated dilatation will be
assessed. Pulse wave analysis will be performed
by SphygmoCor system (EINST Technology Pte
Ltd., Singapore).

Anthropometry parameters

Anthropometry parameters (body weight, body
height, waist and hip circumferences) will be
measured [14] and BMI will be calculated before
and after the intervention period [15]. In this study,
abdominal obesity will be recognised according
to the International Diabetes Federation criteria
with a waist circumference exceeding 80 cm in
women [16].

The 3-month intervention consisted of
physical exercise program,
including 3 sessions of training per week

Group 1
endurance training

S

physical capacity mesurement
Graded Exercise Test (GXT)

Group 2
endurance-strenght

- training<

( 5 minutes of warm-up (stretching exercises) of low intensity )

45 minutes of training
(cycle ergonometer)

S minutes cycling
without load

20 minutes of strenght
exercises

(neck barbell, gymnastic ball)

variable, repeated every week

25 minutes training
(cycle ergonometer)

5 minutes cycling
without load

( 5 minutes of closing stretching and breathing exercises of low intensity ]

physical capacity mesurement
Graded Exercise Test (GXT)

( End of the training program ]

Figure 2. Scheme of a single training session
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Body composition

Body composition will be assessed by bioelectri-
cal impedance analysis with InBody 370 analyser
(InBody Co. Ltd., Seoul, South Korea) during the
recruitment process to check if subjects meet the
inclusion criteria [17].

Densitometry

At baseline and after the intervention period den-
sitometric measurement will be performed using
Dual X-Ray Absorptiometry (Hologic Discov-
ery QDR). The assessment will be carried out in
accordance with the methodology recommended
by the International Society for Clinical Densitom-
etry [18]. Body composition (fat mass and free-fat
mass) will be assessed for total body and sepa-
rately for each part of the body. Visceral adipose
tissue will be measured. Appendicular lean mass
index and lean mass index will be calculated. Bone
mineral content and bone mineral density will be
assessed for the whole skeleton and additionally
at the lumbar (L1-L4) spine and hip regions.

Biochemical measurements

Fasting blood samples will be collected from all
study participants before and after the interven-
tion period. Markers of endothelial function, glu-
cose and insulin homeostasis, lipid metabolism.
oxidative stress, antioxidant status and inflam-
mation will be analysed by standard clinical
chemical assays (see Supplementary Table 1).

Measurable Effects

Data from this study will potentially provide addi-
tional information that allows more efficient and
precise planning of training regimes for obese
subjects and may result in, beyond body weight
reduction, prevention of endothelial dysfunction
and improvement of cardiovascular health.

Expected Results

Previous studies have shown that exercise may
decrease the risk of cardiovascular disease by pre-
venting endothelial dysfunction [19-21]. However,
it is supposed that the beneficial effect of physi-
cal activity may depend on the intensity of train-
ing. While strenuous exercise increases oxidative

stress, regular and moderate physical activity pro-
motes an antioxidant state and preserves endothe-
lial function [22]. It is also suggested that the effect
of physical activity on endothelial function may also
depend on the type of training. However, results of
studies comparing the effects of endurance and
strength training on endothelial function are con-
flicting. Schjerve et al. [10] observed that both
types of training significantly improve endothe-
lial function in obese subjects after 12 weeks of
intervention. However, high-intensity aerobic
training was more effective in the improvement of
endothelial function compared with strength train-
ing and moderate-intensity groups. On the other
hand, Rakobowchuk et al. [23] noted that 12 weeks
of resistance training in healthy young men did
not change endothelial function, but the increased
arterial diameter and, hence, blood flow. @stergard
et al. [24] also reported no changes in endothelial
function after 10-week of aerobic training in obese
subjects with type 2 diabetes.

We suppose that the implementation of
strength components for endurance training
might intensify the beneficial effects of physical
activity. Comparison of the effects of endurance
and endurance-strength training programmes on
endothelial function and other metabolic parame-
ters in obese women will allow to verify the hypoth-
esis and will answer the question of which type of
training is more effective in the improvement of
endothelial function and cardio-metabolic param-
eters. In addition, the results of this study should
give a better insight into the effect of endurance
and endurance strength training on human health.
The expected findings may enable to construct
first special physical activity guidelines for obese
subjects to prevent endothelial dysfunction.
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Supplementary Table 1. List of biochemical parameters that will be analysed in the study

Parameter Method of analysis
Endothelial function
Asymmetric dimethylarginine (ADMA) Immunoenzymatic method (SunRed Human (ADMA) ELISA Kit, China)
Endothelial nitric oxide synthase (eNOS) Immunoenzymatic method (MyBioSource Human Endothelial Nitric Oxide Synthase
ELISA kit, US)A
Homocysteine (Hcy) Immunoenzymatic method (Axis Homocysteine EIA kit, United Kingdom)
NO, Method described by Tsikas'
NO, Method described by Tsikas'
Plasminogen activator inhibitor-1 (PAI-1) Immunoenzymatic method (Human Total Serpin E1/PAI-1 Quantikine ELISA, R&D

Systems a biotechne brand, USA)

Vascular endothelial growth factor (VEGF) Immunoenzymatic method (Human VEGF, Quantikine ELISA, R&D Systems
a biotechne brand, USA)

Glucose and insulin homeostasis

Glucose Enzymatic method with hexokinase

Insulin Electrochemiluminescence method

Glycated haemoglobin (HbA1c) Turbidimetric immunoinhibitory method in hemolysate prepared from blood

Insulin-like growth factor (IGF-1) Immunoenzymatic method (IGF-1 600 ELISA kit, DRG Intruments GmbH, Germany)
Lipid metabolism

Total cholesterol Enzymatic colorimetric method

(TC)

Low-density lipoprotein cholesterol (LDL-C)  Friedewald formula: LDL-C = TC — (HDL-C + TG/5)

High-density lipoprotein cholesterol (HDL-C) Homogeneous enzymatic colorimetric method

Triglycerides (TG) Enzymatic colorimetric method

Oxidized low-density lipoprotein (ox-LDL) Immunoenzymatic method (Human ox-LDL ELISA kit, SunRed, China)
Apolipoprotein A1 (ApoAl) Nephelometric method

Apolipoprotein B (ApoB) Nephelometric method

Apolipoprotein E (ApoE) Immunoenzymatic method (Human Apolipoprotein E ELISA Kit, Assaypro, USA)

Oxidative stress

Advanced glycation end products (AGEs) Immunoenzymatic method (Human AGEs ELISA Kit, MyBiosource, USA)

Antioxidant status

Glutathione (GSH) Immunoenzymatic method (Human Reduced GSH), ELISA Kit, MyBiosource, USA)
Superoxide dismutase (SOD) Colorimetric method (SOD Assay Kit, Cayman Chemical, USA)

Total antioxidant status (TAS) Immunoenzymatic method (Human TAS ELISA kit, Qayee-bio, China)
Paraoxonases (PON) Immunoenzymatic method (Human PON ELISA Kit, MyBiosource, USA)

Inflammatory markers

High-sensitivity C reactive protein (hs-CRP)  Latex enhanced turbidimetric immunoassay method

Interleukin-6 (IL-6) Immunoenzymatic method (Human IL-6 Immunoassay, Quantikine HS ELISA, R&D
Systems a biotechne brand, USA)

Interleukin-8 (IL-8) Immunoenzymatic method (Human CXCL8/IL-8 Immunoassay, Quantikine HS
ELISA, R&D Systems a biotechne brand, USA)

Monocyte chemoattractant protein 1 Immunoenzymatic method (MCP-1 human ELISA, DRG Intruments GmbH, Germany)

(MCP-1)

Matrix metalloproteinase-2 (MMP-2) Immunoenzymatic method (Total MMP-2 Immunoassay, Quantikine ELISA, R&D
Systems a biotechne brand, USA)

Matrix metalloproteinase-9 (MMP-9) Immunoenzymatic method (Human MMP-9 Immunoassay, Quantikine ELISA, R&D
Systems a biotechne brand, USA)

Tumor necrosis factor-a (TNF-a) Immunoenzymatic method (Human tumor necrosis factor alfa, ELISA kit,

Qayee-bio, China)

'Tsikas D. Simultaneous derivatization and quantification of the nitric oxide metabolites nitrite and nitrate in biological fluids by gas chroma-
tography/mass spectrometry. Anal Chem. 2000 Sep;72(17):4064-4072.
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