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ABSTRACT

Aim. Non-syndromic cleft lip with or without cleft palate (nsCL/P) is a common birth defect of complex and
heterogeneous aetiology. Genome-wide association studies (GWAS) of nsCL/P have identified an associa-
tion for the 1p22.1 chromosomal region, in which ARHGAP29 was suggested as a candidate gene. Thus, the
current study aimed to determine the contribution of the common and rare ARHGAP29 nucleotide variants to
the risk of nsCL/P in the Polish population.

Material and Methods. In total, 197 common nucleotide variants (SNVs) and 22 missense variants located
within the ARHGAP29 locus at chromosome 1p22.1 were genotyped by SNV microarray. The study was con-
ducted in 269 individuals with nsCL/P and 569 healthy individuals.

Results. Statistical analysis revealed that 31 common nucleotide variants located at the ARHGAP29 locus
were significantly associated with the increased risk of nsCL/P. The strongest individual SNV was rs2391467
with a p-value = 2.49E-06 (OR = 1.64, 95%Cl: 1.34 — 2.02). Besides, one potentially deleterious missense vari-
ant (rs140877322, p. Arg348Leu) was identified in a single patient with nsCLP.

Conclusion. These findings confirm ARHGAP29 as a strong candidate gene for nsCL/P, with both common
and rare nucleotide variants of this gene involved in the aetiology of nsCL/P in the Polish population.

Introduction ital defects in humans, affecting approximately
1/700 live-born children worldwide [1]. The prev-
alence of nsCLP varies by geographic location,

ethnic/racial background, and socioeconomic

Non-syndromic cleft lip with or without cleft pal-
ate (nsCL/P) is one of the most common congen-
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status [2]. The complex aetiology of this congeni-
tal anomaly reflects the action of multiple genet-
ic factors and environmental exposures, hence
it has not been fully elucidated. NsCL/P can be
divided into the cleft of the palate only (CP0), and
those affecting the lip with or without the palate
(CL/P) [3]. Over 500 human syndromes in which
clefting is a common feature have been identified
(https://www.ncbi.nlm.nih.gov/OMIM/), although
most cases correspond to isolated non-syndro-
mic clefts with the absence of other structural
or cognitive abnormalities [2]. Previous studies
revealed that nsCL/P might have unique aetio-
logical features, including specific genetic asso-
ciations [2,4], however, the genetic components
of nsCL/P have remained elusive due to the influ-
ence of multiple environmental risk factors [5].
To date, a variety of research methods have
been applied to identify genetic factors contrib-
uting to nsCL/P. Genome-wide association stud-
ies (GWAS) have been crucial in identifying 40
novel risk loci that show strong associations of
single nucleotide variants (SNVs) with nsCL/P
[6-10]. The most consistent results in multiple
populations were observed for nucleotide vari-
ants in IRF6 (OMIM+* 607199) gene, encoding a
transcription factor critically involved in cranio-
facial development [2] and the gene-poor region
of chromosome 8q24.21 [11-14]. Also, the chro-
mosomal region consistently associated with
nsCL/P is 1p22.1, initially implicating ABCB4
(OMIM:*601691) as a candidate gene at this
locus. However, ABCB4 was excluded due to its
retinal expression and known role in a spectrum
of retinal disorders [15,16]. Therefore, it has been
hypothesised that a neighbouring gene, ARH-
GAP29 (OMIM:*610496), maybe the aetiologic
gene within the same region. During craniofa-
cial development in murine embryos, ARHGAP29
expression was detected in the frontonasal, lat-
eral prominences and palatal shelves [17]. More-
over, there are reports that IRF6 regulates kerati-
nocyte migration through ARHGAP29. Cells lack-
ing the IRF6 gene had lower levels of ARHGAP29
and hyperactive Rho GTPase activating protein
(GAP), which is involved in crucial cellular func-
tions essential for craniofacial development
[12,18]. In addition, sequencing of ARHGAP29 in
patients with nsCL/P identified eight potentially
deleterious and aetiological variants, including
a frameshift and a nonsense variant [17]. Further
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functional studies identified a novel missense
variant in ARHGAP29 (c.1654T>C, p.Ser552Pro),
showing ARHGAP29 to be a regulatory protein
affecting the development of the face [19]. These
findings suggest that ARHGAP29 may play a role
as the aetiologic gene at the 1p22.1 locus for
nsCL/P [17]. Therefore, this study investigated
whether common SNVs and rare missense vari-
ants at the ARHGAP29 locus contribute to the risk
of nsCL/P in the Polish population.

Material and Methods

The present study was designed similar to our
previous cleft association studies and conducted
on the same study population [9,20].

Study population

Patients with a diagnosis of nsCL/P (58.0% of
males) were recruited from several Polish medi-
cal centres. Among patients, 229 (85.1%) indi-
viduals had non-syndromic cleft lip and palate
(nsCLP) and 40 (14.9%) individuals had non-syn-
dromic cleft lip only (nsCLO). The control group
was composed of 569 healthy individuals (49.6%
males) without any developmental anomalies.
Detailed characteristics of patients and controls
enrolled in the study are presented in Table 1. All
study participants were of Polish origin. DNA was
isolated from peripheral blood lymphocytes by
salt extraction. All experimental protocols were
approved by the Institutional Review Board of
Poznan University of Medical Sciences, Poland
[27]. Written and oral consent was obtained from
all participants or their legal guardians.

Table 1. Characteristics of study patients and controls

nsCL/P patients Controls
(n =269)° (n = 569)°

Cleft type
nsCLP 229 (85.1%)
nsCLO 40 (14.9%)
Gender
male 156 (58.0%) 282 (49.6%)
female 113 (42.0%) 287 (50.4%)

?Final number of samples analysed in the present study after ex-
clusion of individuals based on stringent quality control criteria
nsCL/P - non-syndromic cleft lip with or without cleft palate
nsCLP - non-syndromic cleft lip and palate

nsCLO - non-syndromic cleft lip only



Common SNV selection and genotyping

Common single nucleotide polymorphisms
(SNVs) located within the ARHGAP29 locus at
chromosome 1p22.1 were genotyped with using
the HumanOmniExpressExome-8 v1 array (lllu-
mina, San Diego, CA, USA) according to the man-
ufacturer's instructions. After applying stringent
quality control criteria (SNV call rate >0.95, minor
allele frequency, MAF, >0.05, Hardy-Weinberg, HW,
equilibrium p-value >0.001 in controls), 197 com-
mon SNVs were subjected to statistical analysis.

Statistical analysis

The association of ARHGAP29 locus SNVs with
nsCL/P was tested with the Cochran-Armitage
trend test. Odds ratios (ORs) and corresponding
95% confidence intervals (95% Cls) were used to
assess the strength of the association. ORs were
calculated for the allelic model (a vs A; ais the risk
allele). The Bonferroni correction was applied to
account for multiple comparisons, and p-values
< 2.54E-4 (0.05 / 197 SNVs) were considered as
statistically significant. The pair-wise linkage dis-
equilibrium (LD) between the top was evaluated
using the Haploview 4.2 software (www.broadin-

sense variants. The putative functional conse-
quences of these missense SNVs were analysed
in silico using SIFT (http://sift.jcvi.org/), Poly-
Phen (http://genetics.bwh.harvard.edu/pph2/),
and Mutation Assessor (http://mutationassessor.
org/r3/) tools. Additionally, for all these variants,
the frequency of the minor allele was checked in
the Exome Aggregation Consortium (ExAC) data-
base (http://exac.broadinstitute.org/).

Results

Common SNVs

Statistical analysis of the 197 ARHGAP29 locus
SNVs revealed that 31 were nominally associat-
ed (Pyeng < 0.05) with the risk of nsCL/P (Figure 1,
Supplementary Table 1). Three SNVs, rs11165101,
rs11165110 and rs2391467, were statistically sig-
nificant even after applying the strict Bonfer-
roni correction for multiple comparisons (Pyend
= 1.71E-04, pyeng = 2.19E-04 and pyenq = 2.56E-
06, respectively). These variants located within
the same recombination region were in moder-
ate LD with each other (the mean r* = 0.76 and

Table 2. Linkage disequilibrium values D' and r? for the most significant SNVs located

at the ARHGAP locus

rs3789688
rs3789688 -
rs11165101
rs11165110
rs2065971
rs2391467

rs11165101

rs11165110

1s2065971 rs2391467

Numbers denote D' and r* values expressed as a percentage of maximal value (1.0). D' values are pre-

sented above diagonal.

A red-to-white gradient shows highest (1.0) to lowest (0.0) D'. r* vales are presented below diagonal.
A black-to-white gradient shows highest (1.0) to lowest (0.0) %

stitute.org/haploview/haploview, Table 2). Sepa-
rate statistical analyses were conducted for indi-
viduals with nsCLP and nsCLO to assess the sub-
group-specific effects of the significantly asso-
ciated SNVs. In addition, separate analyses were
performed in male and female groups. The effects
of genotype x gender interactions were evaluated
by logistic regression approach.

In silico analysis of missense variants
The SNV microarray used in the present study
allowed for the genotyping of 22 ARHGAP29 mis-

D' = 0.99; Table 2). Two other SNVs, rs3789688
and rs2065971, were close to the study signifi-
cance level (pyenq = 8.34E-04 and pyenq = 2.91E-
04, respectively). The minor allele of the stron-
gest individual SNV (rs2391467) located 14.7 kb
upstream of ARHGAP29 was associated with a
1.64-fold increased risk of nsCL/P (95%Cl: 1.34
— 2.02, p = 2.49E-06), with the allelic ORs for the
other four top variants in the range of 1.43 to
1.52. For all of them, the major allele was the risk
allele. Association results for tested variants are
presented in Table 3 and Supplementary Table 1.

Journal of Medical Science 2020;89(2)
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Figure 1. Regional plot of association results within the ARHGAP29 locus

Table 3. Association results for the most significant variants at the ARHGAP29 locus (py.. Values < 1.00E-03)

RAF
rs number Location (bp)®  Consequence Gene Alleles® Pirend nsCL/P  Controls OR (95%CI)*
type

rs3789688  chrl: 94691240 intronic ARHGAP29 T/C 8.34E-04 059 0.50 1.43 (1.17-1.77)

rs11165101  chr1: 94729088 intergenic ARHGAP29/  A/C 1.71E-04  0.67 0.57 1.52 (1.23-1.89)
ABCD3

rs11165110  chr1: 94752469 intergenic ARHGAP29/  A/G  2.19E-04  0.67 0.57 1.51 (1.22-1.87)
ABCD3

rs2065971  chr1: 94807102 intergenic ARHGAP29/ A/C  291E-04 0.65 0.55 1.48 (1.20-1.83)
ABCD3

1s2391467  chrl: 94850443 intergenic ARHGAP29/  A/G 2.56E-06 0.58 0.46 1.64 (1.34-2.02)
ABCD3

*NCBI build 37 / hg19.

®Underline denotes the risk allele (for all variants, exept rs2391467, the major allele is a risk allele).
The ptrend values below 2.54E-04 (0.05 / 197 SNVs) were interpreted as statistically significant.
0dds ratios (ORs) and 95% confidence intervals (95% Cls) were calculated for the allelic model (a vs A; a is the risk allele).

Significant p-values are highlighted in bold font.

RAF, risk allele frequency; nsCL/P, non-syndromic cleft lip with or without cleft palate.

The sub-phenotype analysis revealed that the
most significant SNVs identified in the present
study were exclusively associated with the risk of
nsCLP. No significant association was identified
between them and the nsCLO risk (py.nq Values >
0.05), however, the differences in ORs between
nsCLP and nsCLO subgroups were not statisti-
cally significant (heterogeneity p-values >0.05).
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Besides, for all these variants, the trend test
p-values for nsCLP were higher than the p-val-
ues for the overall phenotype (Table 4). Logis-
tic regression analysis revealed that ARHGAP29
locus variants did not show evidence of gender-
dependent association with the risk of nsCL/P.
No significant sex genotype interactions were
detected (Table 5).



Table 4. Association results for oral cleft sub-phenotypes

RAF
rs number Alleles® Puend Patients  CControls OR (95%CI)*

nsCLP

rs3789688 T/C 2.48E-03 0.59 0.50 1.41 (1.13-1.76)
rs11165101 A/C 2.62E-04 0.67 0.57 1.54 (1.23-1.93)
rs11165110 A/G 2.23E-04 0.67 0.57 1.55 (1.23-1.94)
rs2065971 A/C 3.25E-04 0.65 0.55 1.51(1.21-1.89)
rs2391467 A/G 4.28E-06 0.58 0.46 1.67 (1.34-2.08)
nsCLO

rs3789688 T/C 5.68E-02 0.62 0.50 1.58(0.99-2.54)
rs11165101 A/C 1.53E-01 0.65 0.57 1.43(0.88-2.31)
rs11165110 A/G 2.51E-01 0.64 0.57 1.33(0.83-2.12)
rs2065971 A/C 2.22E-01 0.63 0.55 1.34(0.84-2.14)
rs2391467 A/G 7.03E-02 0.56 0.46 1.51(0.95-2.38)

# The Pyenq Values below 2.54E-04 (0.05 / 197 SNVs) were interpreted statistically significant
For all tested SNVs, there was no heterogeneity between oral cleft sub-phenotypes (heterogene-
ity p-values between 0.551 and 0.780).

nsCLP, non-syndromic cleft lip and palate

nsCLO, non-syndromic cleft lip only

Table 5. Gender-dependent interaction of the most significant variants at the ARHGAP29 locus and nsCL/P

SNV OR,(95%CI)* p? OR e (95%C1)° p? ORerares (95%C1)° p’
rs3789688  0.94 (0.62-1.43)  7.77E-01 1.44(1.09-191) 1.16E-02 1.36(1.00-1.84)  4.94E-02
rs11165101  0.89 (0.58-1.37)  591E-01 156 (1.16-2.10) 3.40E-03 1.39(1.02-1.89)  3.63E-02
rs11165110  0.93(0.61-1.43)  7.52E-01  1.51(1.13-2.03) 6.03E-03  1.41(1.04-192)  4.80E-02
114-2.07) 4.32E-03 1.36(1.00-1.86

(

—

(
rs2065971 0.88(0.58-1.36)  5.73E-01  1.54( ) 3.03E-02
rs2391467 1.12 (0.73-1.71) 6.05E-01 1.72(1.28-2.31)  3.24E-04 1.54(1.13-2.09) 7.95E-03
#0dds ratio for the gene x gender interaction.
®0dds ratio for the males.
°0dds ratio for the females.
Based on logistic regression under the additive model.
Table 6. Missense variants identified in the ARHGAP29 gene with the use of SNV microarray
NsCL/P Cases Controls MAF
— =} 7] 7] @ -
7] © o= -] [ = S =
E ¥ Er = £« 5 & @ B £ £ 4
= ES 2 = 2 = x > = 5 &
S < ES S ] w » ° g »
= < o (] (-9 <

11999272 T/C p.Glyl255Asp 0/1/268 0.002 0/0/569 0.000 0.0004 tolerated  benign predicted non-

low confi- functional (neutral)
dence
rs143877998 T/G p.GIn893Pro 0/1/268 0.002 0/0/569 0.000 0.0002 tolerated benign predicted function-
al (medium)

rs147752270 T/C pVNal875lle 0/1/268 0.002 0/2/567 0.002 0.0016  tolerated benign predicted non-
functional (low)

rs41311172  T/C p.Arg798GIn 0/0/269 0.000 0/3/566 0.003 0.0025 tolerated probably  predicted non-
damaging  functional (low)
rs140877322 A/C p.Arg348Leu 0/1/268 0.002 0/0/569 0.000 5.995E-05 deleteri- probably predicted function-

ous damaging al (medium)

rs183410431 T/C p.Arg84His 0/2/267 0.004 0/0/569 0.000 4.505E-05 deleteri-  benign predicted non-
ous functional (neutral)

*Underline denotes the minor allele.

*ENST00000260526.11.

°Exome Aggregation Consortium (ExAC), European (Non-Finnish).
“http://genetics.bwh.harvard.edu/pph2/.

¢http://sift.jcvi.org/.

"http://mutationassessor.org/r3/.
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Missense variants

Six out of twenty-two (27.3%) genotyped mis-
sense ARHGAP29 variants were identified in the
tested samples. Four of them were found only in
cleft patients, and one was found exclusively in
controls (Table 6). One of the cleft specific vari-
ants (rs140877322, p. Arg348Leu) was predicted
to be deleterious and functional by all predic-
tion tools used in this study. In a non-Finnish
European population of ExAC, the frequency of
rs140877322 was 5.995E-05.

Discussion

Numerous genes and several polymorphic vari-
ants have been detected to confer an increased
risk of nsCL/P [22,23]. Beaty et al. characterised
four significant loci in GWAS for nsCL/P: IRF®6,
8q24, MAFB (OMIM:*608968), and ABCA4 [11], with
multiple follow-up studies in different populations
successfully confirming these loci [24—-31]. A criti-
cal role for IRF6 and the 8924 region in craniofacial
development has been previously identified, while
the roles of the loci in the genes ABCA4 and MAFB
remains largely unclear [32—-34]. The most signifi-
cant SNVs strongly associated with nsCL/P have
been identified within the introns of ABCA4 [35].
However, ABCA4 is not a good candidate as the eti-
ologic gene for nsCL/P at the 1p22 locus because
of its lack of expression in the developing lip or pal-
ate in mice [11]. Additionally, there were no report-
ed defects in the craniofacial structure in mice
homozygous for targeted loss-of-function muta-
tions in ABCA4 [36]. Moreover, despite identifying
several missense mutations in ABCA4 in humans,
none of them showed suggestive evidence of
causing craniofacial malformations [15,37]. How-
ever, a recent study suggests a role for ARHGAP29
(@ neighbouring gene of ABCA4) in nsCL/P based
on expression in craniofacial development using
a murine model. The ARHGAP29 transcript was
detected in the medial and lateral nasal processes,
and expression was also observed in the mandibu-
lar and maxillary processes of developing mouse
embryo at E10.5 and the shelves of the secondary
palate at E13.5. [38]. Furthermore, its expression
depends on IRF6 [38], one of the pivotal contribu-
tors to the underlying genetics of human nsCLP/P
[39]. ARHGAP29 is located 47 kb centromeric to
ABCA4 and encodes Rho GTPase activating pro-
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tein (GAP) 29, which is involved in many functions
related to cellular shape, movement, proliferation,
all essential for craniofacial development [12]. Rho
is downstream of Tgfb and Wnt signalling path-
ways [40,41], which have also been implicated in
craniofacial development. These are suggestive
evidence that ARHGAP29 is the etiologic gene at
this locus and may play a role in nsCL/P. During the
last few years, about twelve potentially pathogenic
missense variants in ARHGAPZ29 have been report-
ed in nsCL/P cases. [17,19,28,35,42]. However, it is
not clear if these possibly pathogenic rare variants
contribute to the phenotype. Therefore, the pur-
pose of this study was to evaluate the association
between common and rare missense SNVs located
within the ARHGAP29 locus and the risk of nsCL/P
in the Polish population. Patients with non-syndro-
mic forms of cleft lip with cleft palate and cleft lip
only were recruited, with patients with a diagnosis
of non-syndromic cleft palate only were excluded
from the molecular analyses due to the distinct
aetiology of this subtype of oral clefts [43].

The findings showed that common nucleotide
variants of the ARHGAP29 gene are significantly cor-
related with the risk of nsCL/P. Statistical analysis
of the genotyping results revealed that three com-
mon SNVs represent a single cleft association sig-
nal since they are located within the same intergen-
ic region of ARHGAP29/ABCD3 genes. These three
risk variants rs11165101, rs11165110 and rs2391467
are strongly associated with the risk of this cran-
iofacial anomaly in a tested group of patients. Our
data also demonstrated that the minor allele carri-
ers at rs2391467 have a 1.64-fold increased risk of
nsCL/P. Moreover, all these results were statistically
significant even after applying Bonferroni correction
for multiple comparisons. Two other tested variants,
rs3789688 and rs2065971, were close to reaching
the study significance level. It is of note that the
intronic SNV rs3789688 in families of non-Hispanic
white ethnicities also showed a strong association
with nsCL/P [29]. Although the intronic variants are
unlikely to have effects on gene transcription or the
final protein structure, multiple analysis revealed
that non-coding variants have a significant role in
the genetic causes of nsCL/P [3,35,44]. This sug-
gests that the true casual variants implicated in
the risk of nsCL/P might affect the ARHGAP29
gene expression level rather than the structure of
an encoded protein or are in pair-wise LD with an
unknown actual pathogenic variant.



We hypothesised that some genetic risk for
nsCL/P in Polish populations lies in rare exonic
markers, thus, our study also included an analy-
sis of twenty-two missense variants. Our results
showed six missense ARHGAP29 variants in the
tested samples. One of the cleft specific variants
(rs140877322, p.Arg348Leu) was predicted to be
probably damaging and deleterious by multiple
in silico tools. Furthermore, none of the unaf-
fected individuals carried the variant. However,
these results should be interpreted with caution
because the functional impact of these variants
is unknown. Therefore, functional studies in bio-
logical model systems are required to identify
pathogenic variants and a possible mechanism
contributing to the nsCL/P phenotype. Savasta-
no at al. identified ten rare variants in the ARH-
GAP29 gene using next-generation sequencing,
of these, five were missense changes and the
remaining were predicted to be loss-of-function
(LoF). These findings provide evidence that the
LoF variants but not missense variants may be
an important genetic factor and contribute to the
aetiology of nsCL/P [45]. To take this idea further,
new coding variants which confer risk to nsCL/P
should be identified by sequencing, which is cru-
cial for rare variant discovery.

There was no evidence of a gender-dependent
association with any of the SNVs studied. Howev-
er, Carlson at al. confer that the impact of genet-
ic variants on nsCL/P risk differs for males and
females. These results are not surprising because
the incidence rates of nsCL/P vary by sex. Carl-
son at al. used a genome-wide approach to iden-
tify the genetic contribution to this phenomenon
and examined gene by sex interactions in a group
of 2142 nsCL/P cases and 1700 controls recruit-
ed from different countries. Their analysis identi-
fied three loci that achieved genome-wide signifi-
cance interaction effect, rs11142081, rs72804706,
rs77590619 from the 9922.1, 10g21.1, and 13q13.3
loci, respectively showed evidence of a higher
risk of CL/P for females carrying the minor risk
allele, while this trend was not present in males.
It is worth noting that many biochemical mech-
anisms affect gene by sex interactions, hence
they suggest that due to the diversity of possible
mechanisms, it is challenging to explore or dis-
cuss each locus adequately [46].

Given the impact of rare variants as potential
phenotypic modifiers diversity, which has been

highlighted by Carlson at al. [47], we analysed
clefttype-dependent association with the studied
SNVs. However, our sub-phenotype analysis did
not reveal any significant genotype-phenotype
correlations. Nonetheless, these results should
be interpreted with caution due to the small num-
ber of patients with nsCLO recruited to our study,
therefore, insufficient power to detect significant
cleft type differences.

The strength of this study lies in the homog-
enous study cohort recruited from a single ethnic
group. Although the study is limited by a relatively
small sample size, the risk variants with the lower
allele frequencies may have been missed. Hence,
statistical analyses were not well suited to draw
reliable associations from low-frequency variants
(MAF<0.05), which may be important in explain-
ing nsCL/P susceptibility. Another limitation of
our study is that the association analysis focused
only on the genetic factors without considering
environmental factors that appear to contribute
to the aetiology of nsCL/P, like maternal folic acid
supplementation or maternal smoking [48,49].

Despite these limitations, the nsCL/P risk loci
identified in our research are consistent with pre-
vious studies and biological mechanisms, there-
by providing further evidence for the role of ARH-
GAP29 and new insight into the pathogenesis of
the nsCL/P in the Polish population. Functional
analyses are required to explore the mechanisms
by which nucleotide variants of the ARHGAP29
gene might increase risk of nsCL/P
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Supplementary Table 1. Association results for common nucleotide variants at the ARHGAP29 locusa.

rs number Location (bp)" Gene Exonic variant Alleles® MAF* Pyena-value
rs743117 chr1: 94441950 T/c 0.37 1.12E-01
rs743113 chrl1: 94442739 T/c 0.41 2.20E-01
rs1889547 chr1: 94450131 Alg 0.44 1.31E-01
rs11165057 chr1: 94455420 t/G 0.08 1.72E-01
rs11165058 chrl: 94455721 t/G 0.08 1.42E-01
rs17110736 chr1: 94462769 ABCA4 a/G 0.07 7.88E-01
rs3789375 chrl: 94465132 ABCA4 T/g 0.1 4.69E-01
rs4147871 chr1: 94465461 ABCA4 Alg 0.06 7.72E-01
rs4147869 chrl: 94465677 ABCA4 t/C 0.06 5.75E-01
rs4147868 chr1: 94466066 ABCA4 g/C 0.06 6.62E-01
rs12070273 chrl: 94466088 ABCA4 Alg 0.06 6.62E-01
rs4147864 chr1: 94467238 ABCA4 al/G 0.06 5.70E-01
rs17110761 chrl: 94467407 ABCA4 t/C 0.06 6.62E-01
rs7537325 chr1: 94469631 ABCA4 T/c 0.23 9.20E-01
rs1762114 chr1: 94471075 ABCA4 Synonymous_I2023| a/G 0.07 9.80E-01
rs4147863 chr1: 94471154 ABCA4 t/C 0.18 6.29E-01
rs4147862 chrl: 94471519 ABCA4 t/C 0.18 8.63E-01
rs4147861 chr1: 94471948 ABCA4 a/C 0.06 5.86E-01
rs557026 chr1: 94472489 ABCA4 t/C 01 2.43E-01
rs3789379 chr1: 94472520 ABCA4 Alg 0.18 8.63E-01
rs7531001 chr1: 94472909 ABCA4 al/G 0.18 6.54E-01
rs2275029 chr1: 94473845 ABCA4 Synonymous_P1948P T/c 0.16 7.95E-01
rs2275031 chr1: 94473896 ABCA4 t/G 0.18 7.89E-01
rs1191234 chr1: 94474020 ABCA4 Alg 0M 2.21E-01
rs2275032 chrl: 94474185 ABCA4 Alc 0.18 8.95E-01
rs4147857 chr1: 94474328 ABCA4 Synonymous_L1938L T/c 0.19 5.82E-01
rs4147856 chrl: 94474452 ABCA4 T/g 0.19 5.78E-01
rs17110808 chr1: 94474872 ABCA4 al/G 0.07 2.41E-01
rs2065712 chr1: 94476035 ABCA4 t/C 0.25 6.17E-01
rs11165062 chr1: 94477634 ABCA4 al/G 0.13 5.36E-01
rs945067 chrl: 94477893 ABCA4 t/C 0.20 9.69E-01
rs17391542 chr1: 94477935 ABCA4 a/G 0 6.99E-01
rs12085639 chr1: 94478293 ABCA4 al/G 0.16 9.93E-01
rs486879 chr1: 94478425 ABCA4 T/c 0.20 7.67TE-01
rs567370 chr1: 94478573 ABCA4 T/c 0.33 9.75E-01
rs12082181 chr1: 94478595 ABCA4 T/c 0.33 8.37E-01
rs17391612 chrl: 94478847 ABCA4 al/G 0.12 5.87E-01
rs3789391 chr1: 94479338 ABCA4 t/C 0.06 6.29E-01
rs12049183 chr1: 94479468 ABCA4 t/C 0.06 5.89E-01
12275034 chr1: 94480439 ABCA4 t/C 0.40 5.85E-01
rs3818778 chr1: 94480529 ABCA4 a/C 0.48 1.52E-01
rs914958 chr1: 94481068 ABCA4 Alg 0.21 T.47E-01
rs915201 chrl: 94481596 ABCA4 Alg 0.25 9.13E-01
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rs number Location (bp)" Gene Exonic variant Alleles’ MAF¢ Pena-value

rs915200 chr1: 94481904 ABCA4 t/C 0.08 7.70E-01
rs915199 chrl: 94481929 ABCA4 t/C 0.23 8.72E-01
rs6681968 chr1: 94484705 ABCA4 t/C 0.42 4.56E-01
rs17110850 chrl: 94485491 ABCA4 Alg 011 6.34E-01
rs10493867 chr1: 94486406 ABCA4 T/c 0.25 8.25E-01
rs4147848 chrl: 94486587 ABCA4 t/G 0.29 4.45E-01
rs933073 chr1: 94486667 ABCA4 T/g 0.08 1.62E-01
rs472908 chrl: 94487354 ABCA4 Alg 0.43 1.59E-01
rs2282229 chrl: 94488326 ABCA4 a/T 0.09 1.96E-01
rs1932014 chrl: 94488497 ABCA4 Alg 0.44 3.67E-01
rs1889407 chr1: 94489553 ABCA4 T/g 0.44 3.49E-01
rs2151847 chrl: 94489975 ABCA4 a/C 0.43 4.86E-01
rs11165065 chrl: 94491468 ABCA4 a/G 0.32 5.83E-01
rs3945204 chrl: 94492773 ABCA4 t/C 0.44 5.79E-01
rs4147846 chrl: 94495407 ABCA4 T/c 0.49 6.68E-01
rs4147845 chrl: 94495417 ABCA4 T/c 0.49 6.69E-01
rs4147844 chrl: 94495487 ABCA4 Alg 0.49 6.69E-01
1s2297671 chrl: 94496253 ABCA4 Alqg 0.50 6.78E-01
rs4147841 chr1: 94497178 ABCA4 Alg 0.44 4.42E-01
rs3789393 chrl: 94499133 ABCA4 t/C 0.44 4.39E-01
rs3789395 chr1: 94501594 ABCA4 a/C 0.43 3.33E-01
rs1320502 chr1: 94501799 ABCA4 T/c 0.43 3.89E-01
rs1889548 chr1: 94503197 ABCA4 a/C 0.31 7.80E-01
rs11165069 chrl: 94504545 ABCA4 t/C 0.21 8.74E-01
rs2297633 chr1: 94510673 ABCA4 t/G 0.34 6.51E-01
rs3789399 chrl: 94511717 ABCA4 c/G 0.48 2.89E-01
rs544830 chr1: 94512893 ABCA4 T/c 0.48 4.56E-01
rs4147836 chrl: 94516474 ABCA4 t/C 0.22 9.65E-02
rs1191231 chr1: 94516985 ABCA4 a/C 0.48 4.73E-01
rs497511 chrl: 94523113 ABCA4 Alg 0.46 5.19E-01
rs549848 chrl: 94524856 ABCA4 T/c 0.34 4.39E-01
rs521538 chrl: 94525623 ABCA4 al/G 0.22 5.97E-01
rs4147833 chrl: 94528363 ABCA4 t/C 0.21 5.94E-02
rs4847273 chrl: 94529743 ABCA4 Alg 0.26 7.51E-02
rs1007347 chr1: 94530518 ABCA4 T/c 0.26 7.36E-02
rs553608 chr1: 94531013 ABCA4 t/C 0.21 2.17E-01
rs1191232 chrl: 94531192 ABCA4 a/G 0.37 3.28E-01
rs3789405 chr1: 94531324 ABCA4 T/c 0.26 6.85E-02
rs3789407 chrl1: 94531606 ABCA4 c/G 0.22 1.08E-01
rs4140392 chr1: 94532013 ABCA4 t/C 0.21 6.51E-02
rs1191228 chrl: 94532562 ABCA4 t/C 0.21 2.17E-01
rs1931575 chr1: 94533014 ABCA4 T/c 0.23 2.76E-01
rs549114 chrl1: 94534354 ABCA4 a/G 0.33 7.45E-01
rs2151849 chr1: 94535174 ABCA4 Alg 0.24 3.28E-01
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rs number Location (bp)" Gene Exonic variant Alleles’ MAF* Pens-value

1s3789411 chr1: 94535546 ABCA4 a/G 0.33 8.01E-01
rs4612636 chrl: 94535689 ABCA4 Alc 0.06 7.91E-01
rs3789412 chr1: 94536067 ABCA4 t/C 0.24 2.06E-01
rs12758774 chrl: 94537295 ABCA4 t/C 0.20 9.00E-01
rs12759306 chr1: 94537642 ABCA4 a/C 0.20 9.17E-01
rs1761375 chrl: 94538011 ABCA4 a/G 0.31 9.04E-01
rs492220 chr1: 94542569 ABCA4 T/c 0.29 6.85E-01
rs3120133 chrl: 94542770 ABCA4 T/q 0.08 5.64E-01
rs4147831 chr1: 94544233 ABCA4 Synonymous_H423H al/G 0.07 3.45E-01
rs4147828 chrl: 94547889 ABCA4 Alg 0.18 8.39E-02
rs4147827 chr1: 94548080 ABCA4 G/c 0.23 1.50E-02
rsb74741 chrl: 94549083 ABCA4 t/C 0.22 6.14E-01
rs546550 chr1: 94550555 ABCA4 Alg 0.29 7.35E-01
rs17461953 chrl: 94551450 ABCA4 Alc 0.23 1.89E-02
rs563429 chr1: 94553866 ABCA4 Alg 0.29 6.51E-01
rs4847196 chrl: 94554453 ABCA4 a/G 0.22 1.06E-01
rs1191238 chr1: 94556894 ABCA4 a/G 0.09 8.84E-01
rs554931 chrl: 94557357 ABCA4 t/C 0.23 7.85E-01
rs483904 chrl: 94557434 ABCA4 t/C 0.23 7.85E-01
rs952499 chrl: 94558425 ABCA4 T/c 0.47 2.95E-01
rs538880 chrl: 94558774 ABCA4 g/C 0.23 8.19E-01
rs2068334 chrl: 94559715 ABCA4 al/G 0.17 2.25E-01
rs4147825 chrl: 94560938 ABCA4 a/G 0.38 8.42E-01
rs4147823 chrl: 94561272 ABCA4 Alc 0.22 6.95E-01
rs4147820 chrl: 94562084 ABCA4 t/C 0.21 6.05E-01
rs12088309 chr1: 94563916 ABCA4 T/c 0.30 1.14E-01
rs3789421 chrl: 94565577 ABCA4 a/G 0.19 8.61E-01
rs950283 chr1: 94567223 ABCA4 T/c 0.36 6.74E-03
rs4147819 chrl: 94569504 ABCA4 a/G 0.08 2.29E-01
rs481931 chr1: 94570016 ABCA4 t/G 0.39 1.25E-03
rs570926 chrl: 94570218 ABCA4 T/c 0.39 1.02E-03
rs570878 chr1: 94570234 ABCA4 t/G 0.48 1.93E-02
rs1211213 chrl: 94571420 ABCA4 Alg 0.36 1.90E-03
rs4147816 chrl: 94574780 ABCA4 t/C 0.40 2.56E-03
rs4147812 chrl: 94575043 ABCA4 Alc 0.40 2.50E-03
rs3827712 chrl1: 94575171 ABCA4 T/c 0.40 3.37E-03
rs3789433 chrl: 94575440 ABCA4 a/G 0.26 2.87E-01
rs3789434 chr1: 94575978 ABCA4 T/c 0.08 2.52E-01
rs3789435 chrl: 94576360 ABCA4 Alg 0.48 2.09E-02
rs3827713 chr1: 94576524 ABCA4 c/G 0.48 2.09E-02
rs4147810 chrl: 94576664 ABCA4 Alg 0.08 2.52E-01
rs2297635 chr1: 94576893 ABCA4 a/G 0.08 3.08E-01
rs2297634 chr1: 94576968 ABCA4 T/c 0.48 2.09E-02
rs1889405 chr1: 94577410 ABCA4 t/C 0.24 3.26E-01
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rs number Location (bp)" Gene Exonic variant Alleles’ MAF¢ Pena-value
rs1889404 chr1: 94577423 ABCA4 t/C 0.24 2.67E-01
rs3789438 chr1: 94577462 ABCA4 t/G 0.08 2.98E-01
rs4147807 chr1: 94579053 ABCA4 Alg 0.22 4.89E-01
rs3789439 chr1: 94579426 ABCA4 T/c 0.22 2.56E-01
rs10782976 chr1: 94581125 ABCA4 a/G 0.31 3.96E-01
rs3789441 chr1: 94581384 ABCA4 t/C 0.27 2.56E-01
rs3789442 chr1: 94581456 ABCA4 c/G 0.22 2.14E-01
rs3789443 chr1: 94581529 ABCA4 Alg 0.23 2.06E-01
rs3789444 chr1: 94581540 ABCA4 t/C 0.23 1.84E-01
rs7535005 chr1: 94581905 ABCA4 t/C 0.25 3.63E-01
rs3789445 chrl: 94582249 ABCA4 T/49 0.25 1.08E-01
rs4147803 chr1: 94582293 ABCA4 g/C 0.43 9.24E-02
rs4147798 chr1: 94585009 ABCA4 t/C 0.23 1.60E-01
rs3761906 chr1: 94587362 t/G 0.05 7.37E-01
rs2151846 chr1: 94587687 T/9 0.43 1.06E-01
rs1931572 chr1: 94588992 T/c 0.40 5.48E-02
rs10874835 chrl: 94591481 al/G 0.23 2.55E-01
rs1105123 chr1: 94592290 T/c 0.28 1.40E-01
rs12071152 chr1: 94593399 al/G 0.05 9.04E-01
rs11802196 chr1: 94594043 Alc 0.41 8.50E-02
rs11165081 chr1: 94594080 Alc 0.41 8.00E-02
rs17111122 chr1: 94596464 Alg 0.25 1.59E-01
rs6686599 chr1: 94596831 al/G 0.39 2.89E-02
rs1931565 chr1: 94596867 a/G 0.33 2.00E-01
rs11581939 chr1: 94607234 T/c 0.35 7.70E-02
rs2022378 chr1: 94607607 a/C 0.24 9.07E-01
rs4847286 chr1: 94607848 T/g 0.41 8.22E-02
rs871664 chr1: 94609478 t/C 0.49 3.78E-02
rs2774920 chr1: 94611300 Alg 0.09 5.60E-01
rs12742802 chrl: 94629643 a/C 0.25 5.39E-01
rs1411701 chr1: 94635028 ARHGAP29 al/G 0.38 2.75E-02
rs12044374 chr1: 94635986  ARHGAP29 t/C 0.43 6.87E-02
rs10874840 chr1: 94636836  ARHGAP29 Alg 0.36 1.63E-02
rs12752790 chr1: 94637058 ARHGAP29 T/c 0.43 6.87E-02
rs1048866 chr1: 94638711  ARHGAP29 t/C 0.37 2.91E-02
rs1048854 chr1: 94643531 ARHGAP29  Synonymous_Q891Q T/c 0.27 5.92E-02
rs11577575 chr1: 94646514  ARHGAP29 al/G 0.23 7.50E-01
rs4847294 chr1: 94657769  ARHGAP29 Alg 0.43 7.99E-02
rs1541098 chr1: 94667970  ARHGAP29 T/c 0.27 9.07E-02
rs2274788 chr1: 94674726  ARHGAP29 T/c 0.24 2.36E-01
rs3789689 chr1: 94685585 ARHGAP29 T/g 0.07 2.75E-01
rs6541343 chr1: 94689027 ARHGAP29 a/G 0.08 1.16E-01
rs12724116 chr1: 94689734  ARHGAP29 Alg 0.15 7.11E-01
rs3789688 chr1: 94691240  ARHGAP29 t/C 0.47 8.34E-04
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1s6673491 chr1: 94693145  ARHGAP29 t/C 0.08 1.18E-01
112750249 chrl: 94721660 T/c 0.29 3.39E-03
rs11165101 chr1: 94729088 a/C 0.40 1.71E-04
rs17396055 chrl: 94730954 a/G 0.32 3.47E-03
rs2391472 chr1: 94737583 T/c 0.08 9.28E-02
rs11165110 chrl: 94752469 al/G 0.40 2.19E-04
11330855 chr1: 94760885 Alg 0.20 3.21E-02
rs11580391 chrl: 94769368 t/C 0.29 6.70E-03
116928 chr1: 94786514 t/C 0.08 1.14E-01
rs17111408 chrl: 94788623 t/C 0.08 1.28E-01
rs12027548 chr1: 94788768 Alg 0.08 1.07E-01
rs11584317 chrl: 94792449 t/C 0.15 1.93E-01
rs2065971 chr1: 94807102 Alc 0.42 2.91E-04
rs2391467 chrl: 94850443 Alqg 0.50 2.56E-06
11572575 chrl: 94852474 Alg 0.06 1.59E-01
112037634 chr1: 94867056 T/g 0.07 3.36E-01
rs11165135 chr1: 94870535 T/g 0.48 1.20E-02
rs6681849 chrl: 94874521 t/G 0.48 1.14E-02
rs10399785 chr1: 94877801 T/c 0.48 1.21E-02
rs4148060 chrl: 94881143 Alg 0.44 1.03E-01
rs10493872 chrl1: 94890418 ABCD3 t/G 0.28 6.61E-02
112750904 chr1: 94893928 ABCD3 Alqg 0.36 1.55E-02

*ARHGAP + [ - 200kb.

®NCBI build 37 / hq19.

‘Lowercase letter denotes the minor allele.

MAF, minor allele frequency based on the entire sample frequencies.

The pyenq Values below 2.54E-04 (0.05 / 197 SNVs) were interpreted statistically significant.
Significant p-values are highlighted in bold font.
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ABSTRACT

Introduction. Systemic steroid therapy leads to disturbances in carbohydrate metabolism. The effect of
immunosuppression with intravenous methylprednisolone (IVMP) pulses on glycaemia is not conclusive.
Aim. This study aimed to assess the short-term effect of IVMP therapy in moderate-to-severe Graves' orbit-
opathy (GO) on glycaemic control in normoglycaemic patients with and without pre-diabetes.

Material and Methods. Twenty-five GO patients treated with IVMP pulses (at initial dose of 6 x 0.5 g once a
week, followed by 0.25 g given for 6 consecutive weeksweekly) were recruited and divided into a normogly-
caemic group (n = 15, patients without pre-diabetes) and a pre-diabetic group (n = 10, patients with impaired
fasting glycaemia (IFG) and/or impaired glucose tolerance (IGT)). Six daily capillary blood glucose measure-
ments were performed at fixed times the day before and on the day of the first pulse administration.

Results. There was a significant increase in the glucose concentration on the day of IVMP administration in
both groups of patients compared to the day before drug administration, with 50% of patients showing an
increase in blood glucose above 200 mg/dl. There were no statistically significant differences between the
two groups.

Conclusions. Methylprednisolone in a high intravenous dose has a tremendous impact on the blood glucose
level in normoglycaemic and pre-diabetic patients on the day of drug administration.
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Introduction

Therapy with high-dose intravenous glucocorti-
coids (GCs) is widely and effectively used to treat
a variety of inflammatory and autoimmune dis-
eases [1,2]. It is considered as the first-line treat-
ment for moderate-to-severe and active Graves'
orbitopathy (GO) by the European Group on
Graves' Orbitopathy (EUGOGO) [3]. Intravenously
administered GCs are more effective and better
tolerated than oral GCs [2-5], however, there is

still a risk of serious side effects, e.g. pulmonary
embolism, myocardial infarction, severe cerebro-
vascular events, acute liver damage and sudden
death, as well as changes in coagulation status
and blood pressure [2,3,5-9]. One of the described
side effects is hyperglycaemia, with the influence
of GCs on glucose homeostasis being complex.
Mechanisms of glucocorticoid-induced diabetes
mellitus (DM) include increased insulinresistance,
destruction of pancreatic cells, B-cell dysfunc-
tion, impaired insulin release, impaired suppres-

Table 1. Summary of studies that investigated glycaemia during intravenous methylprednisolone pulse therapy
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Feldman- 224 AON, 250,5000r Patientswithand All but1 mFBG was measured in  Patients without DM
Billard et Su, 1000 mgof  without known DM patient with  all subjects before and  showed a 50% increase in
al.[12] OIN, IVMP aday history DM were after each pulse. In mFBG after 1** pulse
CGR, for3 Group of patients  treated with  subjects with DM, self-  Diabetic patients showed
other  consecutive without DM either oral monitoring of capillary  a 44% increase in mFBG
days consisted of glucose- blood glucose was after the 1° pulse
normoglycaemic  lowering performed at least 3
and pre-diabetic  agents or times per day before
patients insulin each meal
Perezet 50  SLE, 1000 mgof  Patients without - mFBG before and after  68% increase of mFBG
al. [14] ITP, IVMP aday  known DM history each pulse after the 1° pulse
MS, for3
AHA,  consecutive
other  days
Tanakaet. 5 GO 500 mgof  Patients without - Continuous blood Glucose levels increased
al.[16] IVMP - 3 known DM history glucose monitoring from 4 hours after the
cyclesof 3 and normal administration of IVMP
days aweek glucose tolerance up to midnight, then
gradually decreased until
morning. The highest
glucose level was after
dinner, exceeding 200
mg/dl (240-293 mg/dL)
in all patients.
Current 25 GO Cumulative  Patients without - Analysis performed Increase in capillary
study doseof 459 DM during 1* pulse of IVMP  blood glucose levels on
of IVMP, Divided into two (500 mg) in patients the day of pulse
divided into  groups: treated with standard ~ administration at 19:00,
12 weekly normoglycaemic 12 pulses of 22:00 and 2:00 in both
infusions and pre-diabetic methylprednisolone. groups, also at 15:00 in
(6x0.5¢, Capillary blood glucose the pre-diabetic group.
then 6 x 0.25 measurements 6 times  The highest increase in
0) a day - fasting (6:00),  capillary blood glucose

two hours after every
main meal (11:00,
15:00, 19:00), at 22:00
and 2:00

was at 19:00 (mean 204
mg/dL in the non-diabetic
group and 203 in the pre-
diabetic group). No
significant differences
between two groups.

AON acute optic neuritis, SU severe uveitis, OIN ocular infectious diseases, CGR corneal graft rejection, SLE systemic lupus erythemato-
sus, ITP idiopathic thrombocytopenic purpura, MS multiple sclerosis, AHA autoimmune haemolytic anaemia, GO Graves' orbitopathy,
IVMP intravenous methylprednisolone pulse, DM diabetes mellitus, mFBG morning fasting blood glucose
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sion of hepatic glucose production and inhibited
glycogenesis [10,11]. Only a few studies assessed
the influence of intravenous methylprednisolone
(IVMP) on glucose tolerance (Table 1) [12-16].
Moreover, most studies did not compare patients
without diabetes (non-diabetic) to patients with
diabetes [12,14]. Some authors suggest that the
effect of the IVMP therapy on glucose tolerance
in non-diabetic patients is transient and has no
clinical relevance, thus these patients do not need
any glucose-lowering treatment [12], while others
believe that there is evidence that acute hyperg-
lycaemia is a cardiovascular risk factor, indepen-
dent of the presence of previous diabetes [14,17-
19]. Acute hyperglycaemia is associated with an
increase in LDL cholesterol oxidation, impaired
endothelial function, activation of the coagulation
cascade, increased production of pro-inflamma-
tory cytokines and oxidative stress. Therefore,

Table 2. Basic characteristics of patients (n = 25)

this study aimed to evaluate the short-term influ-
ence of IVMP therapy in moderate-to-severe GO
on glucose tolerance in patients with normogly-
caemia and those with pre-diabetes (impaired
fasting glycaemia (IFG) and/or impaired glucose
tolerance (IGT)) prior to treatment.

Material and Methods

Patients

The study was conducted at one academic refer-
ral centre in the Medical University of Warsaw
(WUM). Patients with active, moderate-to-severe
GO according to the EUGOGO classification were
admitted to the Department of Endocrinology
for IVMP therapy from 2012 to 2016. The study
included 25 patients: 20 patients with Graves' dis-
ease, 4 patients with Hashimoto's thyroiditis and

Number of patients (%) or mean * SD range

Normoglycaemic Pre-diabetic p-value
Number of patients 15 (60%) 10 (40%)
Impaired fasting glucose 0 (0%) 10 (100%)
Fasting plasma glucose (normal range - lower than 100 mg/dl) 90 +4.92 (81-98) 110 + 16.17 (100-152) 0.00003
Impaired glucose tolerance 0 (0%) 5(50%)
Blood plasma glucose in 2h oral glucose tolerance test (normal 97 +20.3 (68-133) 134 1 47.86 (61-192) 0.1
range — lower than 140 mg/dI)
Thyroid disease
Graves' disease treated for hyperthyroidism 10 (67%) 6 (60%) 1
Graves' disease after radical treatment on levothyroxine 2 (13%) 1(10%) 1
Euthyroid Graves' 0 (0%) 1(10%) 0.4
Hashimoto thyroiditis on levothyroxine 3 (20%) 1(10%) 0.6
Orbitopathy of unknown aetiology 0 (0%) 1(10%) 0.4
Sex
Women 9 (60%) 8(80%) 0.4
Men 6 (40%) 2 (20%) 0.4
Age (years) 50+ 10 (35-77) 59 + 10 (43-74) 0.07
Body mass index (kg/mz) 25+ 4(20-34) 2615 (16-33) 0.7
Current smokers 7 (47%) 2 (20%) 0.2
Past smokers 5 (33%) 3 (30%) 1
Non-smokers 3(20%) 5 (50%) 0.2

TSH (normal range: 0.27-4.2 plU/mL)

2.8311.63(0.52-6.25)

1.78 £ 1.68 (0.008-5.81) 0.2

fT4 (normal range 12.0-22.0 pmol/L)

16.28 + 3.6 (12.1-20.9) 18.64 + 3.73 (12.91-21.96) 0.1

fT3 (normal range: 3.1-6.8 pmol/L)

476+093(3.2-6.6)  5.16 * 0.86 (3.36-6.48) 0.3

Median CAS 4.0 45 0.8
Comorbidity

Hypertension 5 (33%) 4 (40%) 1
Hypercholesterolemia 1(6%) 1(10%) 1
Diabetes mellitus 0 (0%) 0 (0%)

Oral GCs 0 (0%) 0 (0%)

Hypoglycaemic drugs 0 (0%) 0 (0%)
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1 patient with orbitopathy of unknown aetiology.
In total, 16 patients were treated with antithyroid
drugs (alone or according to a “block and replace”
schedule) and 7 patients received levothyroxine: 3
patients with Graves' disease who were at least 6
months after the last radical treatment (radioio-
dine therapy or thyroidectomy) and 4 patients with
Hashimoto's thyroiditis, 1 patient had euthyroid
Graves' disease. The inclusion criteria consisted
of (1) active, moderate-to-severe GO; (2) age=18
years and (3) euthyroidism for at least 1 month.
Exclusion criteria were: (1) treatment with oral GCs
within the last six months; (2) any other treatment
known to significantly alter carbohydrate metabo-
lism (e.g., glucose-lowering drugs) and (3) a clini-
cal diagnosis of diabetes mellitus. Depending on
the state of carbohydrate metabolism, patients
were divided into two groups: a normoglycae-
mic group (n = 15, patients without pre-diabetes)
and a pre-diabetic group (n = 10, patients with IFG
and/or IGT). Diagnosis of pre-diabetes was based
on fasting plasma glucose higher than or equal to
100 mg/dl but lower than 126 mg/dl and/ or blood
plasma glucose higher or equal to 140 mg/dl but
lower than 200 mg/dl in the second hour of oral
glucose tolerance test [20]. Clinical character-
istics of both groups are shown in Table 2. The
study was approved by the Bioethics Committee
of the Medical University of Warsaw.

Study design

All patients received IVMP therapy according
to the EUGOGO recommendations: starting at a
dose of 0.5 g once weekly for 6 weeks, followed
by 0.25 g once weekly for 6 weeks (4.5 g cumu-
lative dose). The analysis was performed during
the 1st IVMP administration, with an IVMP pulse
infusion of 4 hours from 11:00 to 15:00 for all

patients. In both groups, six daily capillary blood
glucose measurements (glycaemic profile) were
performed at fixed times (6:00, 11:00, 15:00, 19:00,
22:00, 2:00) the day before and on the day of the
1st IVMP pulse administration. Patients received
a diet consisting of three meals at 9:00, 13:00
and 17:00, with the measurement at 6:00 indicat-
ing fasting glucose and measurements at 11:00,
15:00 and 19:00 indicating the glucose level 2
hours after a meal. Capillary blood glucose mea-
surements were analysed using a Glucomaxx
glucose meter (Genexo, Warsaw, Poland).

Statistical analysis

All analyses were performed using STATISTI-
CA software ver. 13.3 (StatSoft Polska, Cracow,
Poland). Continuous variables are expressed as
mean t standard deviation (SD) or median values.
Categorical data were presented as numbers (n)
or percentages (%). Comparisons between blood
glucose measurements were performed using
paired t-tests. Differences between both groups
(normoglycaemic and pre-diabetic) were com-
pared using the Mann-Whitney U test. A p-value
<0.05 was deemed statistically significant.

Results

Evaluation before intervention

Baseline mean values of six daily capillary blood
glucose measurements on the day before the
administration of 500 mg IVMP are shown in
Table 3. In all patients in the normoglycaemic
group, glycaemia remained lower than 200 mg/dl
during the day. In one patient (10%) from the pre-
diabetic group, glycaemia higher than 200 mg/dl
was observed during the day.

Table 3 Changes in glucose concentrations during intravenous methylprednisolone pulse (0.5 g)

Normoglycaemic group

Pre-diabetic group

Time of measurement Day before Day of the pulse p-value Day before Day of the pulse p-value
6:00 8816 89+ 12 0.77 93+10 90+12 0.5
11:00 110 31 106 + 21 0.6 95+24 102 £ 26 0.6
15:00 114126 143134 0.057 100+ 14 148 + 28 0.007
19:00 116 + 20 204 + 44 (130~ 0.00003 104 £ 25 203 +35(161- 0.001

318) 330)

22:00 101 + 20 162 + 37 0.00003 96 + 20 167 £ 21 0.00002
2:00 93+17 139+ 25 0.00004 86+ 11 152+ 33 0.001

Results are presented as mean t SD. Statistically significant results are in bold
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Figure 1. Glucose concentrations during intravenous methylprednisolone pulse (500 mg) in normoglycaemic patients. NS non-
significant. 0—6:00 day before the pulse, measurement at 6:00, 7-6:00 day of the pulse, measurement at 6:00, 0-17:00 day before
the pulse, measurement at 11:00, 7-11:00 day of the pulse, measurement at 11:00, 0-15:00 day before the pulse, measurement at
15:00, 7-15:00 day of the pulse, measurement at 15:00, 0—19:00 day before the pulse, measurement at 19:00, 7-79:00 day of the
pulse, measurement at 19:00, 0—22:00 day before the pulse, measurement at 22:00, 1-22:00 day of the pulse, measurement at
22:00, 0—2:00 day before the pulse, measurement at 2:00, 7—2:00 day of the pulse, measurement at 2:00.
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Figure 2. Glucose concentrations during intravenous methylprednisolone pulse (500 mg) in pre-diabetic patients. NS non-signif-
icant. 0—6:00 day before the pulse, measurement at 6:00, 7—6:00 day of the pulse, measurement at 6:00, 0—11:00 day before the
pulse, measurement at 11:00, 7-177:00 day of the pulse, measurement at 11:00, 0—15:00 day before the pulse, measurement at 15:00,
1-15:00 day of the pulse, measurement at 15:00, 0—19:00 day before the pulse, measurement at 19:00, 7-19:00 day of the pulse,
measurement at 19:00, 0—22:00 day before the pulse, measurement at 22:00, 7-22:00 day of the pulse, measurement at 22:00,
0-2:00 day before the pulse, measurement at 2:00, 7-2:00 day of the pulse, measurement at 2:00
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Short-term influence on single

IVMP pulse on glycaemia

Detailed outcomes of capillary blood glucose
for the IVMP pulse are shown in Table 3. In the
normoglycaemic group, we observed a statisti-
cally significant increase in capillary blood glu-
cose levels on the day of pulse administration
at 19:00, 22:00 and 2:00 (Figure 1 and Table 3).
In the pre-diabetic group, we observed a signifi-
cant increase in capillary blood glucose levels on
the day of pulse administration at 15:00, 19:00,
22:00 and 2:00 (Figure 2 and Table 3). The high-
est increase in capillary blood glucose compared
to the glucose concentration in both groups was
observed on the day before the pulse at 19:00,
which is 8 hours after the start of the IVMP infu-
sion and 4 hours after its end.

A comparative analysis did not show sta-
tistically significant differences between the
observed increases in glycaemia between two
groups. Detailed outcomes are presented in Table
4 and Figure 3.

100

80

-20

Normoglycemic group

Discussion

Hypercortisolism, both endogenous and exog-
enous, is associated with an increased risk of
hyperglycaemia and diabetes mellitus, hence,
may occur during the for therapy with oral GCs
[21]. However, the influence of therapy with IVMP
on glycaemic control is not conclusive, with only
a few studies conducted regarding this topic.
The results of these studies are summarised in
Table 1.

Feldman-Billard et al. [12] and Perez et al. [14]
assessed morning fasting glucose one day after
IVMP administration, observing a 50% and 68%
increase, respectively. Unfortunately, in both stud-
ies, the groups of patients were not homogeneous,
with patients receiving IVMP due to different indi-
cations and varying doses. The studies included
patients without diagnosed diabetes mellitus, but
they were not divided into two groups (patients
with normoglycaemia vs patients with pre-diabe-
tes). Furthermore, both lacked information wheth-

60
40
20
0 f—

06: 11:00 15:00

19:00 22:00 02:00

M Pre-diabetic group

Figure 3. Average increase in glucose concentration at a given measurement point on the
day of the intravenous methylprednisolone pulse administration compared to average glu-
cose concentration at the same time of day before

Table 4 Average increase in glucose concentration at a given measurement point on
the day of intravenous methylprednisolone pulse (0.5 g) administration compared to
average glucose concentration at the same time of day before

Average increase in glucose concentration

Time of measurement ~ Normoglycaemic group  Pre-diabetic group ~ p-value
6:00 1 -1.5 0.2
11:00 -1 -2 09
15:00 30 47 0.5
19:00 95 104 0.7
22:00 67 76 0.6
2:00 49 62 0.4

Results are presented as mean. No results were statistically significant
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er patients were taking other medications that
may affect glycaemia or whether steroids were
given at a fixed time. Moreover, in both studies,
glycaemia was controlled only in the morning and
no measurements were taken during the day.

While Feldman-Billard et al. [12] suggested
that the effect of the IVMP therapy on glucose tol-
erance in patients without DM is transient and has
no clinical relevance, thus these patients do not
need any monitoring of blood glucose levels or
glucose-lowering treatment, Perez et al. [14] stat-
ed that there is evidence that acute hyperglycae-
mia is a cardiovascular risk factor, independently
of the presence of previous diabetes, so patients
without DM should be monitored and further long-
term studies are necessary to identify clinical sig-
nificance. None of these studies evaluated glu-
cose levels at the time of day when they are most
affected, which may explain the controversy.

There is only one study [16] concerning
patients without diabetes receiving IVMP pulse
therapy in which glucose levels were monitored
during the day of the treatment. Unfortunate-
ly, the study group was small, consisting of five
patients. Regardless, it was noted that glycaemia
increased 2-3 hours after IVMP pulse adminis-
tration, lasting for 12 hours and reaching a peak
after dinner, or about 10 hours after administra-
tion of the IVMP. Glucose levels exceeded 200
mg/dl after dinner in all patients (ranged from 240
to 293), then gradually decreased until morning.

The present study is unique in that the anal-
ysed group of patients was homogenous, with
patients receiving IVMP at the same dose due to
the same indication. IVMP infusion was admin-
istered at the same time and lasted for the same
period of time for each patient. Also, patients
who received medications that may affect blood
glucose levels were excluded. Moreover, six
daily capillary blood glucose measurements at
fixed times (glycaemic profile) were performed
to assess glycaemia at the time that it would be
most affected. Furthermore, normoglycaemic
and pre-diabetic patients were compared.

In this study, measurements of capillary blood
glucose during the day of administration of IVMP
pulse in comparison to the day before the drug
infusion in both normoglycaemic and pre-diabetic
patients showed a significant increase of glucose
levels 4 hours after the start of IVMP pulse admin-
istration, reaching a peak at about 8 hours. At its
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peak, the mean levels of glucose were 200 mg/dI
in both subsets (ranging from 130 to 318 and 161
to 330 in the normoglycaemic and pre-diabet-
ic groups, respectively). Then, after this glucose
peak, glucose levels in subsequent measurements
gradually decreased, suggesting that the hyper-
glycaemic effect of IVMP pulse therapy develops
at least 4 hours after the beginning of IVMP pulse
administration, achieving a peak 4 hours later, then
gradually decreasing. There was no difference
between non-diabetic and pre-diabetic patients.

The most important question, however, is
whether such a high increase in glucose is of clin-
ical importance, especially considering the whole
cycle of IVMP therapy with 12 weekly repeated
infusions. Is the administration of glucose-low-
ering agents required?

The present study has some limitations. First,
glucose measurements were derived from cap-
illary blood using a glucose meter and not from
serum glucose measurements. Moreover, the
study was designed with a relatively small num-
ber of patients and included overweight and obese
patients, patients did not receive standardised
meals, and HOMA-IR was not determined prior to
treatment to exclude patients with insulin resis-
tance, all of which may affect glucose levels.
Finally, we assessed only the short-term effect
of one IVMP pulse administration on glucose lev-
els, not the long-term impact of a whole cycle of
IVMP therapy, which consists of 12 pulses. Also,
we did not measure HbAlc and glucose tolerance
with OGTT after therapy, hence, further research
is required to assess the long-term impact.

In conclusion, methylprednisolone in a high
intravenous dose has a tremendous impact on
blood glucose levels in normoglycaemic and pre-
diabetic patients on the day of drug administra-
tion.
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ABSTRACT

Introduction. The functional assessment of general movements (GMs) is a common test for the develop-
ing nervous system. The high predictive validity of abnormal GMs for cerebral palsy has been documented
among preterm infants.

Aim. The present study examined whether term infants without any documented risk factors for neurodevel-
opment delay may benefit from an assessment of GMs.

Methods. One hundred and four infants ranging in age from 1-4 months were evaluated using Prechtl's
method, of which, thirty-eight were younger than two months of age and the remaining sixty-eight were old-
er than two months of age (with available detailed neonatal characteristics). The following movements were
considered among younger infants, writhing, poor repertoire and cramped synchronised, whereas fidgety,
cramped synchronised, poor repertoire, chaotic and abnormal GMs were evaluated in older infants. Infants
were classified as ‘'normal’ or '‘abnormal’ groups based on their presenting GMs. We determined postural
positional preference, following Kaplan recommendations, with features categorised as either ‘present’ or
‘absent’, as well as activity level and general muscle tone (‘normal’ or ‘abnormal’).

Results. Cramped synchronised GMs were observed in seven (18.4%) younger infants and in eleven (16.7%)
older infants. There was no difference in the clinical characteristics of children with normal vs. abnormal
GMs. Abnormal muscle tone was associated with a higher OR (p = 0.0039) of presenting with abnormal GMs
(4.6063; 95%ClI: 1.6303-13.0149). Although the infants studied were not at risk for developmental disorders,
almost one-fifth required follow-up neurological consultation.

Conclusions. An assessment of GMs should be considered as a universal screening tool among healthy
infants without risk factor(s) for developmental deficits.
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Introduction

The observation of an infant's movement is an
essential part of a child's examination. Gener-
al Movement (GM) assessment is a reliable tool
for identifying infants at risk of neuromotor defi-
cits [1]. GMs are spontaneous motor behaviours
with rotations around the limb axes and fluent
changes in the direction of movement, generat-
ed by central pattern generators (CPGs) located
in the brainstem and can be classified as nor-
mal and abnormal GMs. Normal GMs consist of
“writhing movements", which are present in early
foetal life until the end of the second month, and
“fidgety movements", which are observable from
3 to 5 months after term. "Writhing" and "fidg-
ety” movements are tiny movements of the neck,
trunk, and limbs in all directions and of variable
acceleration. Abnormal GMs can include: (a)
poor repertoire GMs, which are characterised by
the monotonous sequence of movement com-
ponents; (b) cramped synchronised GMs, which
lack the usual smoothness and may be described
as rigid limb and trunk contraction; (c) chaotic
GMs, which are an abrupt and tremulous move-
ment with large amplitude and high speed; and
(d) abnormal fidgety movements with exagger-
ated amplitude, speed and even jerkiness [1]. If
fidgety movements are absent at 3—5 months,
the infant may develop severe neurological defi-
cits such as cerebral palsy [2]. At 98% sensitivity,
the assessment of GMs is not only a useful clini-
cal instrument for early identification of cerebral
palsy but also a good predictor of later cognition
and behaviour, even at school age [3]. Normal
fidgety GMs have been associated with a high
intelligence quotient (1Q) as early as 7-10 years
of age [1,4].

The examination of an infant using GMs is safe
and non-invasive. During a GM assessment, the
child is in the supine position without elicited or
intrusive handling. The results of the assessment
allow for the application of appropriate therapy
to improve motor development as early as pos-
sible, which may prevent some motor abnormali-
ties [5].

GM assessment is frequently used as a func-
tional assessment tool for the young nervous
system. Indeed, the authors of the Acts of the
World Health Organisation recommend perform-
ing a functional assessment of children [6—8]. The
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authors reported that the results of the functional
evaluation of children and adolescents correlat-
ed with ratings of the children's behaviour, social
relations, and school abilities [6—8].

Aim

The study aimed to (1) test whether infants with-
out perinatal risk factors for neurodevelopmental
delay should also undergo a GM assessment, and
(2) characterise the types of GMs that are present.

Material and Methods

Study group
The study group consisted of 104 infants (57
male, 47 female), 1-4 months of age (mean + SD:
1.8 + 0.8 months). All infants from the study
group had an appointment in the medical cen-
tre because their parents were interested in test-
ing whether their child's motor development was
normal. The programme, entitled “"Healthy Baby",
was free to parents and designed by the Depart-
ment of Health and Social Affairs. GMs were eval-
uated in infants by clinicians from the Poznan
University of Medical Science. All parents gave
written informed consent for their child to com-
plete the assessment. The study was approved
by the Bioethical Committee of Poznan University
of Medical Sciences, Poland (339/15).
The following inclusion criteria were applied
to infants:
1. Patient aged less than 4 months.
2. Patient born in hospitals in the city of Poznan.
The exclusion criteria included:
1. Infants with immediately life-threatening con-
ditions.
2. Active inflammation, infections, or lethal dis-
eases.

Material and Methods

GMs were assessed in infants using the non-
invasive method designed by Prechtl. First, the
infants were divided into two groups based on
age: (1) infants younger than two months of age
(n = 38 infants), (2) infants older than two months
of age (n = 68 infants). In the younger group, we



tested for writhing, poor repertoire, and cramped
synchronised GMs. In the older group, we tested
for fidgety, cramped synchronised, poor reper-
toire, abnormal and chaotic GMs. Infants were
further divided into presenting with ‘normal’ or
‘abnormal’ GMs.

Postural positional preference was also deter-
mined according to recommendations by Sandra
L. Kaplan [9,10]. General muscle tone and activ-
ity level were assessed according to Prechtl's
method and referring to the Neonatal Behavioural
Assessment Scale [1,11]. The activity level was
also evaluated as a component of GM observa-
tion [1]. In all assessments, features were cate-
gorised as 'present’ or 'absent’ for postural posi-
tional preference, and as ‘normal’ or ‘abnormal’
for activity level and general muscle tone. The
parents were also interviewed to assess the neo-
natal characteristics of their child.

Statistical analysis

The values are expressed as median [inter-
quartile range — IQR] if not stated otherwise. The
non-parametric Mann-Whitney U test was used
to test for group differences in continuous vari-
ables. Two-tailed Fisher's exact test was applied
to test for group differences in categorical vari-
ables. Data were analysed using STATISTICA 8.1
(StatSoft). All statistical significance levels were
set at p < 0.05.

Results

Infants in this study were born between the 36™
and 41% week of gestation, with birth weight
ranging from 2,500 to 4,580 g. Umbilical cord
blood artery pH ranged from 7.1 to 7.42. Ninety-
one of the 104 infants received 10 points in the
fiftth minute of the Apgar score, and the lowest
observed value was 8. The mode of delivery for

most patients was natural (n = 52 patients), 40
patients were born by caesarean section, 9 vacu-
um extraction, and 3 had a forceps delivery. Jaun-
dice was diagnosed in 64 infants and 14 patients
required treatment with phototherapy.

Thirty-one out of 38 (81.6%) infants in the
younger group (<2 months of age) presented with
“writhing" GMs and cramped synchronised GMs
were observed in seven (18.4%) infants. None of
the infants in the younger group showed poor
repertoire GMs. Cramped synchronised GMs were
observed in 11 out of the 66 (16.7%) infants in the
older age group. No infants in the older group
presented with poor repertoire, abnormal or cha-
otic GMs. To summarise, 17.3% of infants across
both groups (younger, older) showed cramped
synchronised GMs. Although these infants were
not at risk of developmental disorders, almost
one-fifth of infants required a follow-up visit to a
neurologist.

Infants presenting with normal vs. abnormal
GMs did not differ in clinical characteristics, either
in the younger (Table 1) or older group (Table 2).
The difference remained non-significant even
after combining both groups and considering the
entire sample (N = 104).

The distribution of postural preference and
general muscle tone did not differ among the
younger (Table 3) or older infants (Table 4). In the
younger group, abnormal general muscle tone
was more frequent (p = 0.025) in infants who pre-
sented with abnormal GMs compared to infants
presenting with normal GMs. This association
did not reach significance in the older group (p
= 0.089). Consideration of both groups together
showed a significant difference (p = 0.0046) such
that abnormal muscle tone was present in 57.9%
(i.e., 11 out of 19) of infants with abnormal GMs
vs. 23% (i.e., 20 out of 87) of infants with nor-
mal GMs. Abnormal muscle tone was associated
with a higher OR (p = 0.0039) of presenting with

Table 1. Clinical characteristics of younger infants (<2 months of age) presenting

with normal and abnormal GMs

Normal GMs Abnormal GMs p value

(n=31) (n=7)
Apgar score 10 (10-10) 10 (10-10) 0.684
pH 7.32(7.29-7.36) 7.34(7.30-7.38) 0.414
Birth weight (g) 3,560 (3100-3980) 3,160 (3010-3950) 0.498
Week of gestation 39 (38-40) 39 (38-41) 0.643

Data presented as median (IQR)
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Table 2. Clinical characteristics of older infants (>2 months of age) presenting with
normal and abnormal GMs

Normal GMs Abnormal GMs (n = p value

(n = 55) 11)
Apgar 10 (10-10) 10 (10-10) 0.445
pH 7.32 (7.26-7.38) 7.31(7.22-7.39) 0.890
Birth weight (g) 3,570 (3160-3840) 3,320 (3230-3720) 0.353
Week of gestation 39 (39-40) 39 (36-40) 0.332

Data presented as median (IQR)

Table 3. Associations between functional parameters and GMs in younger (<2 months of age) infants
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Normal GMs Abnormal GMs p value

(n=31) (n=7)
Postural preference :‘::;Tt :2 i 0.678
Activity level Azs::::;l 238 g 0.223
General muscle tone A';zLTr:LI %47 i 0.025

Table 4. Associations between functional parameters and GMs in older (>2 months of age) infants

Normal GMs Abnormal GMs p-value
(n=55) (n=11)
Absent 17 5
Postural preference Present 33 6 0.485
Activity level Normal % n -
y Abnormal 0 0
Normal 39 5
General muscle tone Abnormal 16 6 0.159

abnormal GMs (4.6063; 95% CI [confidence inter-
val]: 1.6303-13.0149). There were just five infants
in the younger group who presented with abnor-
mal activity levels. Two of the five infants with
abnormal activity levels also showed abnormal
GMs. No infants in the older group presented with
abnormal activity levels (Table 4).

To summarise, although infants were not at
risk of developmental disorders, 18% of infants
across both groups required a follow-up visit to
a neurologist.

Discussion

The present study demonstrated that almost
one in five infants presented abnormal GMs. We
assessed healthy full-term infants without risk
factors for developmental delays. Although the
predictive validity of abnormal GMs for cerebral
palsy is better in infants born preterm, we dem-
onstrated that GMs should also be considered in
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infants born at term [2,12]. GMs in healthy infants
is a useful clinical instrument for the early identi-
fication of not only cerebral palsy, but also a good
predictor of later cognition, attention, and behav-
ioural problems at school age [3,13]. The observa-
tion of movement should be a routine assessment
within the first few months of life in all children
[13,15,16], which is in line with World Health Organ-
isation recommendations (b761, b7610, Interna-
tional Classification of Functioning, Disability and
Health: Children and Youth Version) [7]. Early iden-
tification of disordered movement may be a mark-
er of early brain impairment and/or dysfunction.
Disordered GMs may have more predictive utility in
preterm infants compared to term infants because
brain lesions are more heterogeneous in full-term
infants. Importantly, GM assessments have a sen-
sitivity and specificity of 98% and 95%, respective-
ly. Furthermore, compared to magnetic resonance
imaging, brain ultrasound, and traditional neuro-
logical examinations, GM assessments are quick,
non-invasive, and cost-effective [14].



The present study indicated that infants, par-
ticularly in the younger group and presenting with
abnormal GMs, frequently showed abnormal mus-
cle tone. Physiological hypertonia of term infants
in the first two months of life should not always
be a cause for concern for clinicians because
hypertonia may be an expression of increased
motoneuronal excitability which subsequently
decreases around 3 months of age [17]. Nonethe-
less, abnormal muscle tone may be a symptom
of hypoxic-ischaemic encephalopathy with addi-
tional characteristics of perinatal features such
as Apgar < 5 in the 5" minute and pH < 7 [18].
Importantly, infants in the present study did not
have such risk factors. Our results suggest that
general muscle tone may be an important feature
that should be assessed in all infants [3,19,20] to
evaluate motor development [21,22]. We and oth-
ers also recommend examining muscle tone not
only with the “pull to sit" manoeuvre but also in
several positions (e.g., supine, horizontal, vertical,
and prone) [21]. Abnormal muscle tone may also
be correlated with autism spectrum disorder [23].

We demonstrated that, even in a group of no-
risk infants, a subset may require a follow-up
examination by a neurologist. The application
of a GM assessment should allow physicians or
therapists to determine whether an infant needs
additional examination or therapy with good pre-
dictability [3].

Limitations of the study include a relative-
ly small group of healthy infants and a limited
number of physiological variables studied. Most
infants included in the present study were eutro-
phic, born at term, and with proper birth weight.
Moreover, we assessed infants who lacked sig-
nificant developmental risk factors, such as
intraventricular haemorrhage, hypoxia, acido-
sis, Apgar score < 7, extremely low birth weight,
or extremely early week of gestation. We also did
not evaluate individual infant developmental tra-
jectories.

Strengths of this study should also be noted.
In contrast to previous studies, the present study
assessed GMs among a group of healthy infants.
Parents who were interested in whether their
child showed appropriate motor development
also confirmed that their child's development
appeared normal. Nonetheless, the assessment
of GMs may help to identify infants who should
visit specialists, such as a neurologist.

Conclusion

In conclusion, even in a group of infants who were
not at risk for cerebral palsy, a subset of infants
required follow-up consultation, thus, GMs should
be assessed in all infants. Early assessment pro-
vides the opportunity to help infants as early as
possible, which has positive effects on long-term
development.
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ABSTRACT

The duration of each cardiac cycle is measured on an ECG as the distance between the peaks of consecutive
R waves (RR interval), with the inverse value corresponding to the heart rate (HR) changing in a beat-to-beat
manner. HR accelerations are reflected as shortenings of the RR intervals, HR decelerations as the lengthen-
ing of RR intervals. HR asymmetry is a physiological phenomenon caused by an unequal input of HR deceler-
ations and accelerations to the HR variability. Naturally occurring consecutive values of RR intervals create
a time series composed of acceleration and deceleration runs of differing lengths. For example, a single HR
acceleration, a pair of HR decelerations, a run consisting of five consecutive HR decelerations or a run com-
posed of eight accelerations in a row. These runs make up the so-called heart rate microstructure that has
asymmetric properties due to the unequal contribution of acceleration and deceleration runs. The asymme-
try of the HR microstructure is physiological in healthy individuals, however, the asymmetric properties can
be significantly altered in some clinical conditions, such as myocardial infarction, obstructive sleep apnoea,
chronic obturatory pulmonary disease or sepsis in infants. An abnormal HR microstructure has predictive
value in survivors of myocardial infarction or patients with clinical indications for exercise treadmill stress
test, e.g., for total mortality. In this review, we present and explain how the asymmetric properties of HR
microstructure can be quantified, summarising the available data regarding the clinical and predictive value
of this phenomenon and its analysis.

The sinus node is the only physiological pace-
maker of the human heart and its electrical
depolarisations are the major but not the sole
determinant of the length of each cardiac cycle
[1-11]. In a normal ECG, the direct activity of the
sinus node is practically invisible, but its indi-
rect effects on the atria are observed as the P
wave (Figure 1). After the right and left atria are
depolarised, the electrical potential is conducted

through the atrial node, His Bundle system and
the Purkinje fibres finally reaching the myocardial
cells of both ventricles. Each QRS complex in ECG
proves that the right and left ventricles have been
depolarised [1,3,7,11]. The duration of the cardiac
cycle can be measured as the distance between
either two consecutive P waves or two succes-
sive QRS complexes (usually R waves). For prac-
tical reasons, as the peak of the R wave is sharp
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Figure 1. The upper panel shows a strip of normal ECG. The middle panel is zoomed at the
first three P-QRS-T waves with the presentation of the distances between the consecutive
QRS complexes or peaks of R waves. The measured distances are expressed in milliseconds
(ms). The bottom panel shows the same ECG strip with measured RR intervals

and better defined than the front or maximum
of a P wave, it is more accurate to measure RR,
not PP intervals. Therefore, RR intervals, i.e., the
distances between consecutive R waves, are the
commonly accepted measure of the duration of
cardiac cycles [1,3].

Momentary heart rate (HR) is a simple math-
ematical inverse of the duration of the cardiac
cycle or RR interval. Longer RR intervals cor-
respond to a slower HR, shorter RR intervals to
faster HR, with the length of RR intervals or HR
changing with each beat. Compared with the pre-
vious cardiac cycle, the next cycle can shorten or
lengthen, evident as the HR acceleration or decel-
eration, respectively.

The sinus node is a complex structure com-
posed of many cells, each of which can initiate
action potential depolarising other cells within
this node, as well as the remaining cardiomyo-
cytes of the whole heart[1,2,4-11]. There are many
variations in the sinus node shape and size but
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generally, it is a crescent-like or spindle-shaped
structure consisting of head, body and tail, with
a maximal length of 14 mm, height up to 8 mm
and width up to 4 mm [1,5]. One to ten radiations
of different length and orientation extend from
it [5]. Typically, the spindle- and spider-shaped
cells, which are smaller, less striated and paler
staining, have electrophysiologic features char-
acteristic of pacemaker cells, including sponta-
neous beating under physiologic conditions. The
remaining cells of different histological structure
serve to transmit the electrical depolarisation to
other cells or as working myocytes and tissue
support [1,2,8,9].

Usually, the action potential from the sinus
node has a unifocal origin, i.e. a single cell or a
group of tightly localised pacemaking cells ini-
tiates the depolarisation wave. However, fre-
quently, the action potential comes from multiple
pacemaking cells spaced at different parts of the
sinus node, which generate multiple wavefronts



coalescing into one depolarisation wave in 10 to
15 ms. Sometimes, a couple of pacing cells from
2-5 foci located more than 1 cm apart depolarise
asynchronously with short lags 1 to 5 ms between
the activation waves. Regardless of the type, all
forms of activation are transferred through dis-
crete sinoatrial exit pathways to the right atri-
um and the remaining parts of the heart, that is,
there is no single leading pacemaker cell, with
various types of physiological initiation of the
sinus rhythm possible in a healthy human [1,2,7].
The initiation and end of the action potential are
complicated, depending on several physiological
intracardiac and extracardiac factors, for example,
the autonomic innervation, oxygen supply, metab-
olites and hormones [1,3,4,11]. Taking together all
these processes, the probability that different
cells within the sinus node will generate an action
potential of precisely the same duration in two
consecutive cardiac cycles is extremely low.
Beat-to-beat change in the duration of RR
intervals of sinus origin is a normal physiologi-

cal phenomenon [3,12,13]. Its typical example is
respiratory sinus arrhythmia: HR accelerates dur-
ing inspiration and decelerates during expiration
[14,15]. Many other mechanisms than breathing
contribute to such instant changes of RR inter-
vals, with the whole phenomenon known as heart
rate variability (HRV) [3,12, 13,15]. The physiology
and clinical value of HRV have been extensively
studied for over four to five decades and it has
earned dedicated guidelines [12,13]. In 2006, our
group published the first paper on the existence
of another genuine physiological phenomenon
related to HRV — heart rate asymmetry (HRA) [16].
Based on studies in healthy individuals, we dem-
onstrated that HRA is a phenomenon caused by
the different behaviour of HR accelerations and
decelerations, which unequally contribute to the
short-, long-term and total HRV as well as the
complexity and microstructure of HR [16—24].
Figure 2 presents a local tachogram with con-
secutive RR intervals with the Poincare plot (one
of the methods for HRV analysis) of RR intervals

Figure 2. Upper panel shows a local tachogram
of consecutive RR intervals from ECG recording
of T-minute duration. RR intervals longer than
the previous one are labelled as HR decelera-
tion (green dots), shorter as HR acceleration (red
dots), or of the same duration, as no change HR
(blue dots). The lower panel shows the Poincare
plot of all RR intervals in the space of (RR,.;,
RR,) corresponding to all pairs of two consecu-
tive beats (RR, and RR,,;). This plot depicts the
distribution and relation between such pairs,
clearly separating HR decelerations (green dots)
from accelerations (red dots). Of note, points
described by pairs of RR intervals with precisely
the same duration (RR, = RR,,;) are placed on the
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by blue dots in Figure 2. The Poincare plot of RR
intervals in the space (RR,, RR,,;) explicitly visu-
alises the existence of HRA
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showing the clear separation between HR accel-
erations and decelerations.

In this review, the concept of the HR micro-
structure and its asymmetric properties [20,25]
will be explained in detail. Additionally, we sum-
marise the clinical findings and show how sam-
pling frequency of ECG can substantially change
the number of acceleration, deceleration and
neutral runs making up the HR microstructure.

Heart rate microstructure

Consecutive values of HR, e.g., 75, 76, 74, 72, 78,
80 beats/minute, or RR intervals like 800, 789, 811,
833, 769, 750 ms, create sequences or a series of
data points ordered according to their appear-
ance in time, known as the HR time series or RR
interval time series, respectively. An RR interval
time series is the primary data source for com-
putations of both HRV and HRA. This review will
focus only on the RR interval time series.
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The order of RRintervals in an ECG of a healthy
individual is not random, rather the net result of
spontaneous depolarisations of the sinus node
modulated by many physiological mechanisms
[1,3,12,13]. Figure 3 shows two different tacho-
grams of two-minute duration composed from
precisely the same RR interval data. In the first
case, the order of RR intervals is physiological and
comes from an ECG acquired during slow-paced
breathing at a rate of 6 breaths/minute, whereas
the original order of RR intervals from the same
ECG has been destroyed by random shuffling in
the second case. The mean value and standard
deviation of all RR intervals for both data sets
are precisely the same, i.e. 1068 ms and 115.2
ms, respectively, however, as clearly visible, the
microstructure of both RR time series is entirely
different. All RR intervals in the dataset with the
original order of RR interval follow breathing (12
waves correspond to 12 breathing cycles record-
ed during 2 minutes), for the shuffled RR intervals
there is no clear and repeated pattern.

Figure 3. Panel A shows oscilla-
tions of RR intervals which are in
concordance with the paced breath-
ing at a rate of 6 breaths/minute.
This tachogram starts with HR de-
celerations (green dots) correspond-
ing to expiration, followed by HR ac-
celerations during inspiration, this
pattern repeats during each breath-
ing cycle. Panel B shows the same
RR intervals but with completely
disrupted physiological order, i.e. all
RR intervals are randomly shuffled.
The distribution of HR accelerations
and decelerations is random, with
no repeated pattern
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As evident in Figure 3, for the slow breath-
ing dataset, all RR intervals cluster in groups of
either decelerations or accelerations, the so-
called monotonic runs. In such a run, consecu-
tive values always change in one direction, either
increasing or decreasing. For RR intervals, the
monotonic run means that cardiac cycles either
prolong for HR decelerations or shorten for HR
accelerations. In Figure 3, there are runs (or
series) of RR intervals of different length, form-
ing two to four consecutive HR decelerations
and six to eight successive HR accelerations for
the physiological data. In contrast, for RR inter-
vals with the shuffled order, these data are more
scattered, with the longest monotonic runs much
shorter for both HR accelerations and decelera-
tions. Of note, single HR decelerations and accel-
erations become more common.

For the analysis of the HR microstructure, all
RR intervals are separated into monotonic runs
of different length as shown in Table 1 [24-26].
The shortest possible change in RR interval is a
single deceleration or acceleration, such singlets
are also termed a run, i.e. a deceleration run of
length 1 (DR1) or an acceleration run of length 1

(ART). Two consecutive RR intervals which either
increase or decrease their duration are pairs of
decelerations (DR2) and accelerations (AR2).
Runs of much longer length are naturally occur-
ring, for instance of the length of ten consecutive
decelerations (DR10) or twelve accelerations in a
row (AR12).

Simple counting statistics are applied to
quantify the number of HR acceleration and
deceleration runs, the total number of beats in
the runs of specific length is counted, then divid-
ed by all normal RR intervals [24-26]. The relative
contribution of each type of monotonic run to all
sinus beats is presented, usually as a percentage
or sometimes as a part of 1 [24—-26]. For instance,
15 accelerations forming five runs of three con-
secutive accelerations (AR3) in a recording of 300
sinus RR intervals have a relative contribution
of 5%. In another example, in a longer recording
composed of 100,000 RR intervals of sinus origin,
6,567 single decelerations (DR1) have a contri-
bution of 6.57%, 2,332 RR intervals in the form of
deceleration pairs (DR2) are quantified as 2.33%,
492 RR intervals forming triples of decelerations
(DR3) correspond to 0.49% contribution whereas

RRinterval  Typeof HR  Number of RR intervals changing  The label of Table 1. An example of proper identifi-
[ms] change in the same direction monotonic run cation of each RR interval as HR decel-
398 reference value B eration or acceleration. The identifica-
- tion process is simple and based on the
904 deceleration 2 DR2 comparison of duration of each specific
954 deceleration RR interval with the previous RR interval.
940 acceleration 1 AR1 The number of RR intervals changing in
948 deceleration 1 DR1 the same direction (either prolonging
030 acceleration 3 AR3 for HR dgcelergtions or shqrtening for
918 acceleration accelerat_lons) is counted, with specific
monotonic runs labelled based on the
902 acceleration number of RR intervals changing in the
927 deceleration 6 DR6 same direction
933 deceleration
945 deceleration
953 deceleration
960 deceleration
968 deceleration
960 acceleration 2 AR2
942 acceleration
950 deceleration 1 DR1
948 acceleration 4 AR4
938 acceleration
931 acceleration
925 acceleration
936 deceleration 1 DR1
920 acceleration 1 AR1
927 deceleration 2 DR2
941 deceleration
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84 RR intervals found as runs of four decelera-
tions contribute to 0.08% of all sinus beats. The
same approach of counting statistics is also
applied for reporting the contribution of prema-
ture ventricular (or supraventricular) beats to all
recorded beats in the longer Holter ECG record-
ings, for example of 24-hour duration. In such
reports, the relative number of ventricular beats
is shown, for example as 0.5% or 19%.

In 2011, we showed that the HR microstruc-
ture had asymmetric properties in our physi-
ological study of eighty-seven ECG recordings
of up to 24-hour duration acquired from healthy
people [24]. The number of acceleration runs was
usually significantly higher (with the exceptions
of AR3s vs DR3s and AR4s vs DR4s) than decel-
eration runs. Additionally, the longest runs in the
same people came from 24 accelerations (AR24)
and only 19 decelerations (DR19), with the aver-
age longest runs formed of over 15 accelerations
and over 12 for decelerations.

Table 2 [25] summarises the relative contri-
butions of RR intervals creating acceleration and
deceleration runs to the total number of sinus
beats in the 24-hour ECG recordings from healthy
people. It is visible that, except for monotonic
runs of the length 3 and 4, in the majority of oth-
er lengths, acceleration runs have a significant-
ly larger contribution to all sinus beats in these
recordings. For monotonic runs of the length 3,
there were more DRs than ARs, while the number
of monotonic runs of the length 4 was compara-
ble both for decelerations and accelerations.

To check whether the asymmetric properties
of the monotonic runs method were not artificial-
ly generated, we compared the distribution of the

acceleration and deceleration runs after shuf-
fling the original order of RR intervals into a ran-
dom one in each of the 87 recordings [24]. For the
shuffled data, there were no significant differenc-
es between acceleration and deceleration runs of
any length. Additionally, the longest monotonic
runs were composed of nine consecutive beats
(AR9 and DR9), and the averaged longest runs
were length seven both for decelerations and
accelerations (AR7 and DRY). Interestingly, there
were significantly fewer runs which were shorter
and more runs which were longer for RR interval
time series with the original order than after its
disruption by random shuffling. Thus, we con-
cluded that the input of HR accelerations and
decelerations to the distribution of monotonic
runs is unequal, hence asymmetric, that the dis-
tribution of acceleration runs and deceleration
runs differs between physiological and shuffled
data, with some not completely understood phys-
iological mechanisms creating longer monotonic
runs at the cost of shorter runs (i.e., singlets and
pairs of HR accelerations and decelerations) [24].

Also, in 2011, we published, in a co-opera-
tion with the group of Professor Georg Schmidt
from Munich in Germany, the first clinical study
on the HR microstructure [26]. We analysed the
predictive value of HR deceleration runs mea-
sured in the 24-hour ECGs from 1455 (training
sample) and 946 (validation sample) survivors
of myocardial infarction. Patients at high risk of
death in the long-term follow-up of median dura-
tion of 24 months had significantly more single
decelerations (DR1) and fewer deceleration runs
of the length between 2 and 10 (DR2-DR10) than
the low-risk individuals. The reduced number of

Runsof  Deceleration runs[%]  Accelerationruns[%]  P-value I?::::ezlér[;?ir:r??lrjirfg:1rc:(fit(ri]:cr(flfrt;\;ieoﬁorlt:sbg?(c)l?fs
thelength _ Median I0R Median I0R ferent length to the total number of sinus beats in
1 12.64 5.60 1318 5.03 0.003 the 24-hour ECG recordings from healthy people.
2 13.71 4.89 14.63 3.54 <0.001 The statistical comparison was made with the
3 8.71 4.16 716 2.59 <0.001 nonparametric Mann-Whitney test. (IQR - inter-
4 3.54 1.98 3.55 1.33 ns. quartile range) [25]

5 1.82 1.28 2.32 1.33 <0.001
6 1.01 0.94 1.60 1.29 <0.001
7 0.49 0.53 0.95 0.91 <0.001
8 0.23 0.25 0.56 0.61 <0.001
9 0.1 0.12 0.32 0.38 <0.001
10 0.04 0.06 0.16 0.21 <0.001
1 0.02 0.04 0.08 0.1 <0.001
12 0.01 0.02 0.05 0.08 <0.001
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DR4 up to 0.05% was the best single predictor of
three separate modes of premature death, i.e.,
all-cause mortality, cardiac death, and sudden
cardiac death both in the training and validations
samples, whereas patients with a preserved num-
ber of DR2 >5.4%, DR4 >0.05%, and DR8 >0.005%
belonged to the low-risk group of all observed
death-related clinical outcomes.

These relative values require some addition-
al comment. If in a 24-hour ECG of a myocardial
infarction survivor there are 100,000 sinus beats
of which more than 5,400 HR decelerations are in
DR2s, more than 50 in DR4s and more than five
in DR8, then such a person is at low risk of pre-
mature death, whereas if there are 50 or fewer RR
intervals which form DR4, then the patient is at
an increased risk. Although not presented in that
paper in the form of numbers, similar findings
were made for HR acceleration runs and com-
mented on in the discussion. The reduced rela-
tive numbers of AR2-AR10 were found in high-
risk patients, although the prognostic value of
acceleration runs was lower in comparison to the
deceleration runs.

In general, the distribution of deceleration
and acceleration runs in survivors of myocardial
infarction who were at an increased risk of pre-
mature death converged to the distribution of
the shuffled RR intervals as in our physiological
study with 24-hour ECGs from healthy individu-
als. In other words, mechanisms responsible for
forming HR accelerations and decelerations into
longer runs were preserved in low-risk and atten-
uated in high-risk post-infarction patients.

We also tested, in co-operation with Professor
Tuomo Nieminen from Oulu in Finland, the pre-
dictive value of single accelerations and decel-
erations in pre-exercise ECGs of at least 1-minute
duration collected in 944 consecutive patients
from the Finnish Cardiovascular Study [27]. All
patients had clinical indications for the treadmill
exercise test, after which they were followed for a
mean of nearly 57 months. Those with increased
relative numbers of AR1 >16.85% or DR1 >17.7%
had a significantly higher total mortality than
other patients. Increased numbers of AR1 and
DR1 were also associated with a higher risk for
cardiovascular death and sudden cardiac death.
As the mean duration of pre-exercise ECGs was
short, between 1 minute and a couple of minutes,
studying the predictive value of longer runs was

impossible for statistical reasons (too low sta-
tistical power). However, there was an essential
similarity to the study in post-infarction patients
— high-risk patients in these two different groups
had an increased number of ARl1s and DRIs.
These findings again highlight that in the high-
risk cardiac patients, the numbers of AR1 and
DR1 increased as in the case of the shuffled data
from healthy people.

Billois et al. compared the asymmetric prop-
erties of HR microstructure in 32 premature
infants, 16 of whom were infected and at risk of
sepsis [28]. The study was performed with the
use of 30-minute ECGs, and the authors analy-
sed the absolute numbers of HR decelerations.
Significant differences were observed between
infants with and without infection in the number
of deceleration but not acceleration runs. Infants
at an increased risk of sepsis presented few-
er DR1s and more DR3s and DR4s. The normal
heart rate in healthy infants is always faster than
in older children and adults [29]. Bradycardia in
infants may be secondary to several causes, e.g.
hypoxemia, toxaemia or sepsis [30]. Billois et al.
showed for the first time that infants at risk of
sepsis express a significant change in the HR
microstructure in the form of an increased num-
ber of HR decelerations, which appear to group
into longer runs at the cost of deceleration sin-
glets [28].

Using the 300-minute ECGs recorded during
sleep from seventy-eight patients with suspected
obstructive sleep apnoea (OSA), in co-operation
with Professor Adrian Baranchuk from Kings-
ton, ON, Canada, we investigated the relation-
ship between the severity of this disease and the
asymmetric features of HR microstructure [31].
Patients with severe OSA had fewer DR1s and
ARTs than subjects with moderate OSA, and more
AR5, AR10s and DR5s, DR8s than patients with
no or mild OSA. Additionally, the longest accel-
eration runs were significantly longer in patients
from the severe OSA (on the average of the length
9) than in individuals with no or a mild form of
this disease (on average of the length 8). Inter-
estingly, the severity of OSA was not significantly
associated with the values of any measures of
HRV (including spectral analysis).

The first impression from the OSA study was
that it contrasts with the findings from post-in-
farction patients [26,31]. While high-risk survi-
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vors of myocardial infarction had fewer longer
runs in the 24-hour ECGs [26], the most severe
OSA patients had more such runs in the 300-
minute ECG recorded during sleep [31]. Regard-
less of technical differences, duration of the
recording, comparing sleep ECGs vs the whole
24-hour ECGs, one important feature must be
underlined, OSA patients, particularly with the
more severe form, have many repeated episodes
of apnoea and hypopnea during sleep [32,33].
The hypopnea/apnoea episode lasts at least
10 seconds, and patients with severe OSA have
at least 30 such incidents during the polysom-
nographic recording (ECG is one of several vital
signals recorded during polysomnography) [33].
In the studied patients, the average number of
hypopnea/apnoea episodes was 43 [31]. In OSA
patients, after each hypopnea/apnoea, there was
increased breathing which, for a short period,
was deeper and faster. Typically during hypopnea
or apnoea, there is a reduction in HR, bradycardia
is common, and even short pauses may appear,
when breathing is restored, HR rapidly increases
and such erratic breathing strongly influences
HR [31,33]. It seems that more episodes of hypo-
pnea or apnoea triggered more HR decelera-
tions, whereas during the consequent increase
in breathing more HR accelerations were found.
Both HR decelerations and accelerations clus-
tered in longer runs more commonly in patients
with more severe OSA [31].

In 2017, Jiang et al. published their study on
the HR accelerations and decelerations in a larger
group of 231 OSA patients and analysed 6-hour
ECGs [34]. They confirmed our observations that
individuals with severe OSA had more longer
HR acceleration runs (AR2-AR5, and undefined
long AR) and deceleration runs (DR5 and unde-
fined long DR). Additionally, they found in a pro-
spective substudy of 39 OSA (8 moderate and 31
severe) patients that a one-night treatment with
a continuous positive airway pressure reduced
the number of longer ARs and DRs. It was the
first-ever observation from a prospective clinical
study proving that a planned medical interven-
tion (in this case, the continuous positive airway
pressure applied for one night) significantly mod-
ified the HR microstructure.

Recently, Kong et al. studied 151 patients with
chronic obstructive pulmonary disease (COPD)
and 45 patients without COPD [35], reporting that
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COPD patients had significantly fewer DR2s, DR4s
and DR8s than the remaining individuals. Addi-
tionally, these authors reported that the numbers
of longer DRs were negatively associated with
the presence of arrhythmia, i.e. premature atrial
beats, supraventricular tachycardias, and pre-
mature ventricular beats, that is, reduced num-
bers of DR2, DR4 and DR8 were associated with a
higher risk of cardiac arrhythmias. Unfortunately,
there are no data on the deceleration runs of oth-
er length or any acceleration runs. However, this
study is clinically relevant as it shows the predic-
tive value of the analysis of the HR microstructure
and its asymmetry in another group of patients,
this time with COPD.

Limitations of the analy-
sis of HR microstructure

The main limitation of counting the number of
monotonic runs is the length of the recording,
as the probability of occurrence of longer runs is
low in short recordings lasting only a couple of
minutes. For this reason, longer runs, particu-
larly very long runs of the length of over 12 and
more consecutive RR intervals changing in the
same direction are easier to spot in ECG record-
ings of several hours duration [20,25]. Thus, for
ECG recordings lasting up to 5 or 10 minutes, it is
better to limit the analysis of HR microstructure
to shorter runs up to 4 beats. For ECGs of mod-
erate length such as up to 30—60-minute record-
ings, the analysis of the monotonic runs should
be limited to 8 beats. For the 24-hour ECGs, it is
common to find longer monotonic runs between
12 and 16 beats, even of the length of 24 beats
[20,25]. As far as we know, no data exist with the
HR microstructure analysis in ECG recordings
extending for more than 24 hours.

Another limitation is the sampling frequen-
cy of the recorded ECG. Previous studies on the
microstructure of HRA used a lower sampling
frequency of 200 Hz for the 24-hour Holter ECGs,
which translates into the precision of RR intervals
of 5 ms [20,25]. Consequently, there was a sub-
stantial number of so-called neutral runs (up to
6—7% of all beats), i.e., such consecutive RR inter-
vals which have identical duration. For instance,
the neutral run of three (NR3) is composed of four
successive and equal RR intervals with the first as



the reference for the 2", the 2" for the 3", and the
3" for the 4™ RR interval. RR intervals before the
first and the fourth RR intervals must be differ-
ent. In total, the number of comparisons showing
no change for this particular neutral run equals
three. The following time series of RR intervals is
more explanatory: 1000 ms (1° RR interval), 1000
ms (2" RR interval), 1000 ms (3" RR interval), and
1000 ms (4" RR interval) (Figure 4).

In the study of post-infarction patients, the
sampling frequency of the 24-hour ECGs was
even lower, 128 Hz [26]. The same sampling fre-
quency was applied ECGs from OSA patients
[31]. However, none of these studies revealed the
number of neutral runs. The information on the
sampling frequency and the number of neutral
runs should be reported in all studies on the HR
microstructure.

Figure 4. Effect of sampling fre-
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Newer long-term recorders have a much high-
er sampling frequency of ECG between 1000 Hz
to 4000 Hz, which may translate to the identifica-
tion of RR intervals with the precision between 1
to 0.25 ms. However, due to the intrinsic proper-
ties of the ECG signal, such high frequency might
increase the signal-to-noise ratio. Additionally, at
higher sampling frequencies, the peak of R wave
flattens and no longer resembles a point. Taken
together, an increase in the noise and flattening
of the peaks of R waves might interfere with the
proper measurement of the distances of RR inter-
vals. Although it is tempting to believe that higher
sampling frequencies might improve the precision
of RR intervals measurement and limit or even
zero the number of neutral runs, this is uncer-
tain and requires separate studies. However, the
currently applied devices record ECG at a much
lower sampling frequency between 125 and 250
Hz, so there is room for the improvement of RR
intervals measurement. In effect, the analysis of
the asymmetric properties of HR microstructure
should be more accurate and increase the num-
ber of adequately detected longer DRs and ARs.
As discussed in a previous study [20], the neutral
runs seem to be an artificial effect of low sam-
pling frequency than a genuine physiological phe-
nomenon. Studying the distribution of accelera-
tion and deceleration runs in Holter ECGs record-
ed at a much higher frequency than 125-250 Hz
[20] might result in a lower number of or even no
neutral runs, and more precise description of the
asymmetric features of HR microstructure.

In summary, the analysis of the HR micro-
structure and its asymmetric properties seems to
be attractive from both a physiological and clini-
cal point of view. It helps to visualise how the RR
time series are distributed and to understand how
HRV is created. Studying the HR microstructure
in clinical scenarios has been demonstrated not
only to have predictive value in certain groups of
patients but also to monitor the effects of some
interventions (e.g., the application of continuous
positive airway pressure in OSA patients). In con-
trast to many other methods transferred to HRV
from different scientific areas like astronomy,
economy or physics, the monotonic runs methods
were deliberately developed to study specific fea-
tures of normal heart rate and further explore HRA
[12,13,15]. We believe that this method deserves
more attention and requires further investigation.
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ABSTRACT

Following the chemical diversity of 4-thiazolidinones, an in-house library of new heterocycles was designed
and synthesised (more 7000 compounds). Anticancer, antitrypanosomal, antituberculosis and antiviral
activity screening led to the SAR database formation, lead-compound identification, design of focussed
sub-libraries, as well as the formation and validation of hypotheses for structure optimisation: i) complica-
tions of C5 fragment and/or functionalisation of N3 position; ii) creation of the hybrid molecules; iii) fixation
of 5-ene-4-thiazolidinones in fused heterocycles via annulation (thiopyrano[2,3-d]thiazoles were found as
cyclic isosteric mimetics of 5-ene-4-thiazolidinones); iv) the leukaemia panel was detected to be the most
sensitive among all cancer cell lines. The subsequent in silico and pharmacological data obtained in the
investigation of the molecular mechanism of the anticancer effect revealed the apoptotic-related and mild

prooxidant actions of the active compounds.

The main milestones of the project involved syn-
thetic investigations, biological activity studies,
rational approaches (QSAR-analysis, docking,
molecular modelling etc.) to “drug-like" molecule
design [1-3]. Initially, various activity types were
studied (anti-inflammatory [4, 5], antimicrobial [6],
anticonvulsant [7], choleretic [8], etc.), then inves-
tigations focussed on the study of anticancer,
antimycobacterial, antiviral and antitrypanosom-
al activities. More than 2000 biological assays
were conducted, allowing the identification of at
least 200 hit compounds with anticancer action,
40 hits with antimycobacterial activity and 30
hits with the inhibitory activity against different
virus strains. The early stage results demonstrat-
ed that the compounds possessed anti-inflam-
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matory activity, antimicrobial action, antioxidant,
choleretic and anticonvulsant activities.

Anticancer activity

The in-house library of heterocycles has been an
object for the study of anticancer activity with-
in the NCI, NIH protocol [9-11]. Among the 1,750
tested compounds, 525 (30.0%) have successfully
passed the pre-screening phase (Figure 2). After
passing the second testing phase, 14 compounds
were submitted for consideration by the NCI Bio-
logical Committee, among them, 8 compounds
were affirmed for in-depth in vivo preclinical tri-
als as potential anticancer agents.
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Figure 3 presents selected hit compounds
from different groups that possess high anti-
mitotic effect in vitro at submicromolar concen-
trations (10°-10° M) and are characterised by
low in vivo toxicity. It is important to note that
these compounds are representative of 5-ene-4
-thiazolidinones (“Biological way") [12-25] and
thiopyrano[2,3-d]thiazoles  (“Chemical way")
[36-30].

Interestingly, in the anticancer selectivity rat-
ing, the leukaemia cell lines were the most sensi-
tive to 4-thiazolidinones and related heterocyclic

systems following the analysis of the in-depth in
vitro research results. A series of cell lines, such
as leukaemia lines (CCRF-CEM, HL-60(TB), RPMI-
8226, SR, K-562, MOLT-4), CNS cancer line (U251),
non-small cell lung cancer line (HOP-92), renal
cancer cell lines (UO-31, 786-0), colon cancer
line (HCT-116) as well as breast cancer line (MDA-
MB 231) were found to be the most sensitive to
the test compounds. Thus, based on the obtained
results, it was hypothesised that the heterocycles
containing a “thiazolidinone matrix" have specific
anti-leukaemia activity.
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Figure 3. Hit compounds from different groups of 4-thiazolidinone derivatives with a high antimitotic effect in vitro

In silico approaches for anticancer activity
data analysis. The COMPARE analysis [10,11] was
performed for the active compounds to inves-
tigate the similarity of their cytotoxicity pattern
(mean graph fingerprints) with those of known
anticancer standard agents, NCI active synthet-
ic compounds and natural products. For some
synthesised heterocyclic substances, there was
established correlation with the inhibitors of
tubulin polymerisation, RNA polymerase, p-gly-
coprotein or topoisomerase I, inductors of apop-
tosis and activators of caspases. It is of note that
the significant values of the correlation coeffi-
cients of thiazolidinone derivatives from different
sub-libraries to the S-trityl-L-cysteine, aminoa-
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cyl-tRNA synthetases inhibitor with antiprolifera-
tive effect against leukaemia.

Following the analysis of anticancer activity
profiles of different thiazolidinones using mod-
ern computational methods, like principal com-
ponents analysis, neutral networks and cluster
analysis, it was found that two different mecha-
nisms and a "mixed” mechanism were responsi-
ble for the anticancer activity [3, 31-33].

In cooperation with the Institute of Cell Biol-
ogy, NAS of Ukraine (Prof Rostyslav Stoika), the
hypothesis regarding the apoptosis-dependent
mechanism of antitumor activity was confirmed.
Moreover, the proapoptotic activity of the tested
compounds was observed. Studies have been
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conducted regarding the effects of compounds
on some cytokines, in particular, initiatory effec-
tor groups of caspases and cytokines involved in
the development of caspase-independent apop-
tosis. Different apoptotic-related pathways were
detected. Also, it should be noted that there were
various implementations of such an effect, involv-
ing the “classic” apoptotic pathway (mediated by
Bax & Caspase-7), caspase-independent apopto-
sis (mediated by AIF) and “mixed-type" apopto-
sis (mediated by AIF, Bax & Caspase-9) (Figure 4)
[34—37]. This data correlated well with the results
obtained in in silico studies [3, 31-33].

HYDROGEN BOND
DONOR PROJECTIONS

ARCMATIC OR
T-RING SYSTEM

‘V-"—i? ‘.'/‘
VAN

Based on the analysis of the biological and in
silico data, we proposed a pharmacophore model
for the design of potential anticancer agents [38,
39]. The pharmacophore (Figure 5) consists of two
aromatic or m-ring system centres, a hydrophobic
group and the two projections of the hydrogen
bond donors (electron pair acceptors) (error rate
0.8%, accuracy 87.5% and precision = 99.5%).

A new sub-library was created (690 struc-
tures) by varying the substituents in the 2,4 and
5 positions of 4(2)-thiazolidinone. Pharmacoph-
ore and Random Forest models predicted 101
and 32 hit compounds from the virtual sub-li-
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Figure 5. Probable pharmacophore model of 4-thiazolidinones anticancer activity
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2 Y AcONa, AcOH 100. R!'=Br, Rz=Cl, R3=F‘,
101. R'=H, R*=NMe,, R*=Cl,

brary, respectively. Analysis of the distances to
the model showed that all predicted compounds
were active, falling into the applicability domain,
while 47 out-of-domain compounds were inac-
tive. The Gaussian processes model predicted
the cytotoxic effect on tumour cells for 60 struc-
tures. The choice of virtual screening hits was
based on the consensus between all predictions,
thereby predicting 29 hit compounds using these
three screening models, of which, 14 structures
were selected for synthesis (Figure 6).

Using the above-mentioned approach, 14
novel derivatives 92-105 were selected and syn-
thesised (Scheme 1).

The success of the purposeful strategy was
confirmed by biological assays, according to
which, the synthesised compounds inhibited
cancer cell growth, even at micromolar concen-
trations. The four most potent synthesised com-
pounds 94, 96, 97 and 103 showed IC,, values
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102. R'=R*=Cl, R,=NMe,,

103. R'=Br, R?=NMe,, R*=Cl,
104, R'=H, R>=NMe,, R’=Br,
105. R'=Cl, R2=NMe,, R3=Br

between 0.16—10 uM in MTT assays of rat glioma
cells C6, Mino cells, Jurkat and L1210 cells.

Antituberculosis activity

The study of antimicrobial activity was conducted
on the Mycobacterium tuberculosis H37Rv (ATCC
27294) within the Tuberculosis Antimicrobial
Acquisition & Coordination Facility (TAACF) Pro-
gramme at the National Institute of Allergic and
Infectious Diseases (NIAID, USA). Among the test-
ed compounds, 40 active substances with an ICy,
<10 pg/mL were identified, for which the cytotox-
icity of mammalian cells (CC,,) was determined
on VERO cells and a selectivity index (Sl = CCgy/
ICy,) was calculated. For the in-depth studies, 7
derivatives (Figure 7) from different sub-libraries
(5-ene-4-thiazolidinones and thiopyrano[2,3-d]
thiazoles) were selected.
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Figure 10. Hit compounds with pronounced antitrypanosomal activity
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Antiviral activity

Screening of the antiviral activity of the synthe-
sised compounds was also conducted within the
Antimicrobial Acquisition & Coordination Facil-
ity (AACF, NIAID, USA) Programme. As a result, 30
compounds were identified with significant anti-
viral activity and sufficient selectivity indices [26,
40-43). In addition, a group of 4-thiazolidinone-re-
lated compounds (Figure 8) with a strong effect on
hepatitis B (HBV) and C (NSV) and Flu A & B virus-
es were identified, as well as one high-level SARS
and Tacaribe strain (biological weapons virus).

Derivatives of rel-(5R,5aR,11bS)-2,6-dioxo-
3,5a,6,11b-tetrahydro-2H,5H-chromeno[4',3":4,5]
thiopyrano[2,3-d][1,3]thiazole-5-carboxylic acids
belong to the most promising group of com-
pounds (Figure 9). The substituents in the posi-
tions 8 and 10 and the ester group in position 5
are desirable for antiviral activity. The increase
of the alkyl moiety length leads to an increased
effect, thus, compound 106 showed a higher
activity against Influenza Virus Type A (H;N,,
Perth strain) with an EC., = 0.6 =+ 2.5 pg/ml and
S| = 40 +> 170 than derivative 107 with an EC,, =
0.31 + 0.32 pg/ml and SI => 310 +> 320 [42].

The study of antitrypanosomal activity was
conducted at the National Museum of Natural
History (Prof Philippe Grellier, France) on Try-
panosoma brucei brucei (TBB) and Trypanosoma
brucei gambiense (TBG) strains. Among more
than 200 tested compounds, a series of hits with
pronounced antiparasitic activity in cellulo with
IC, values of 0.03-15.64 pg/ml were identified
(Figure 10) [27, 43—438].

Conclusions and fur-
ther perspectives

» 4-Thiazolidinones possess a variety of biologi-
cal activities, both in screening campaigns and
directed experiments, hence are considered as
a tool for the synthesis of related heterocycles,
simplified analogues and diversity complex
heterocycles within various approaches.

> Among the variety of thiazolidinone subtypes,
5-ene-thiazolidinones are of special interest
as hit- and lead-compounds possessing anti-
cancer, antimicrobial, antiviral, and antitry-
panosomal activities.

> Assigning 5-ene-thiazolidinones as pan assay
interference compounds (PAINS) due to their
possible Michael acceptor functionality must
be analysed in-depth: experimental confirma-
tion is essential to claim target compounds as
PAINS; the positive aspect of such covalent
modifiers should not be discarded.

> Annealing of a thiazolidine core into thi-
opyranothiazole analogues is one of promi-
nent optimisation directions which will allow
conservation of the activity pattern of syn-
thetic precursors (5-ene-4-thiazolidinones),
decrease the toxicity and avoid the Michael
acceptor properties.

> The main directions for 4-thiazolidinones
optimisation are: i) complication of the frag-
ment in the C5 position; ii) introduction of the
substituents in the N3 position (especially
fragments with carboxylic group or its deriva-
tives); iii) annealing in complex heterocyclic
systems; iv) combination with other phar-
macologically attractive fragments within a
hybrid pharmacophore approach.

> 4-Thiazolidinones are useful tools for medici-
nal chemistry and should not be regarded as
useless per se.
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ABSTRACT

Currently, iodinated contrast media (ICM) is widely used in radiology, therefore numerous patients are
exposed to contrast administration during diagnostic and interventional procedures. ICM contains an amount
of iodine well above the recommended dietary allowance, which can lead to thyroid dysfunction. Indeed,
individuals that are highly susceptible to increased iodine intake are often patients with pre-existing thyroid
disease. ICM-induced hyperthyroidism (IIH) is usually transient, however, it may present as clinically signifi-
cant thyrotoxicosis. Although IIH has been investigated in multiple studies, there is still a lack of consensus
regarding prophylactic therapy of IIH and no specific guidelines. This review aimed to summarise previous
literature concerning the influence of ICM exposure on thyroid status and prophylactic therapy of IIH.

Introduction

Adequate iodine intake is essential for thyroid
hormone synthesis, with insufficient, as well as
excessive iodine intake leading to thyroid dys-
function. Individuals that are at risk of iodine-in-
duced thyroid dysfunction are often patients with
pre-existing thyroid disease, such as Graves' dis-
ease and multinodular goitre [1]. lodine-induced
hyperthyroidism, known as the Jod-Basedow
phenomenon, may lead to severe health conse-
quences and is especially important when con-
sidering elderly patients with comorbidities. The
use of iodinated contrast media (ICM) during
diagnostic and interventional procedures has
increased considerably over the past years. ICM

Journal of Medical Science 2020;89(2)

contains an amount of iodine which may result
in thyroid dysfunction, such as hypo- and hyper-
thyroidism, both subclinical and overt [2]. ICM-in-
duced hyperthyroidism (IIH) is usually transient,
however, it may present as clinically significant
thyrotoxicosis. Although IIH has been investigat-
ed, the prevalence has not been well established
based on these studies and varies between 0%
and 10%. Prophylactic therapy of IIH is still a mat-
ter of debate and the guidelines concerning this
subject are not transparent. Until now, thiama-
zole and/or sodium perchlorate have been sug-
gested for use as a prophylactic therapy of IIH [3].
This reviewed aimed to summarise the literature
concerning the influence of ICM exposure on thy-
roid status and prophylactic therapy of IIH.



Thyroid function

Thyroid hormones, tetraiodothyronine (T4) and
trilodothyronine (T3) are crucial for humans to
maintain homeostasis, by regulating biochemical
reactions, such as protein synthesis, enzymatic
activity and are important for cell metabolism
and immune response. They are also responsible
for the correct development of the central ner-
vous system, the musculoskeletal system and
the lungs in the foetus and infants [4].

The production of thyroid hormones is depen-
dent on the physiological function of the hypo-
thalamus-pituitary-thyroid (HPT) axis and ade-
quate release of thyrotropin-releasing hormone
(TRH) and thyroid-stimulating hormone (TSH).
TRH is synthesised in the periventricular nucleus
of the hypothalamus, then released to the anteri-
or pituitary gland, where it stimulates the biosyn-
thesis and secretion of TSH in thyrotrope cells.
TSH stimulates the production of T4 and T3 in the
thyroid gland by binding to the thyroid-releasing
hormone receptor (TSH-R) on the thyroid follic-
ular cells. Thyroid hormone levels in the circula-
tion determine the secretion of TRH and TSH by
negative feedback [5].

The thyroid gland is composed of follicles,
which consist of colloid surrounded by follicular
cells. Thyroglobulin (TG) is a glycoprotein pre-
cursor of thyroid hormones, containing tyrosine
residues within its structure. TG is produced
by the endoplasmic reticulum of follicular cells
of the thyroid and stored in the colloid [6]. Thy-
roid hormone synthesis is dependent on iodine
metabolism, with iodide transported from the
circulation into the thyroid cells by Na+/I- sym-
porter located in thyroid epithelial cells and fur-
ther iodide oxidised to iodine by the enzyme thy-
roid peroxidase. Oxidation leads to simultaneous
iodination of tyrosyl residues in TG and formation
of 3-monoiodotyrosine (MIT) and 3,5-diiodo-
tyrosine (DIT). Afterwards, thyroid peroxidase
catalyses coupling of MIT with DIT or two DITs,
producing T3 and T4, respectively. lodinated TG
is then stored in the thyroid follicles. When thy-
roid hormone levels in the circulation decrease,
internalisation of TG by follicular cells and diges-
tion by lysosomal enzymes occurs, followed by
secretion of free T4 and free T3 [7,8]. T4 and T3
then attach to thyroid hormone-binding proteins
synthesised in the liver, including thyroxine-bind-

ing globulin (TBG), transthyretin (TTR), and albu-
min. Within the target cells, T4 is deiodinated to
T3, which presents the greatest activity.

lodine

The recommended dietary allowance (RDA) for
iodine intake suggested by the World Health Orga-
nization is 90 g for preschool children, 120 ug for
schoolchildren, 150 pg for adolescents (above 12
years) and adults, and 250 pg for pregnant and lac-
tating women [9]. lodine is an element that occurs
mostly as a salt and is present in many forms
including inorganic iodine (12), sodium and potas-
sium salts, iodate, and iodide. It is widely present
in food, added to salt as iodate and is also offered
as a dietary supplement. Most iodine consumed
by humans is reduced in the gastrointestinal tract
to iodide and absorbed in the stomach and duo-
denum [10], then enters the circulation and is
retrieved mostly by the thyroid gland and kidneys.
It is concentrated in the thyroid in amounts ade-
quate for hormone synthesis. An adult contains
about 15-20 mg of iodine, 70-80% of which is
stored in the thyroid, one-third in the form of thy-
roid hormone and two-thirds as precursors [11].
The iodine stored in thyroglobulin is removed from
the tyrosine by a specific deiodinase and recycled
within the thyroid. The iodine of T4 is returned to
the serum after deiodination of T4 and may be
included again in the cycle of iodine or excreted
in the urine. The remaining iodine is excreted with
median concentrations of 100—-199 ug/L in chil-
dren and adults, 150—249 pg/L in pregnant women
and >100 pg/L in lactating women [9].

According to the WHO global scorecard of
iodine nutrition in 2019, among countries with
available data oniodine status, 135 presented with
adequate, 25 insufficient and 14 with excessive
iodine intake [12]. lodine prophylaxis in Poland
includes obligatory iodisation of household salt
and neonate formula and additional supplemen-
tation for pregnant and breastfeeding women
with 150—200 pg of iodine. In 1994, the Polish
Council for Control of lodine Deficiency Disorders
(PCCIDD) defined iodine deficiency in Poland as
moderate and slight in the coastal area. In 1997,
the iodisation of table salt was re-introduced and
Poland is currently within the European countries
with optimal supplementation of iodine [13].
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An iodine-deficient population is defined by a
median urinary iodine concentration (UIC) below
100 pg/l for nonpregnant woman and children
[14]. During iodine deficiency, TSH secretion rises
when iodine intake decreases below 100 pg per
day. Very low iodine intake may result in reduced
thyroid hormone production, causing hypo-
thyroidism, sometimes accompanied by goi-
tre. Chronic iodine deficiency is associated with
an increased risk of the follicular thyroid cancer
[15]. lodine deficiency is a dangerous state during
pregnancy, as it can lead to miscarriage, stillbirth,
neurodevelopmental deficits and growth abnor-
malities in the foetus [10]. Proper iodine intake
prevents cretinism in the foetus, a disorder char-
acterised by physical and neurological abnormal-
ities such as intellectual disability, deaf-mutism
and motor spasticity.

The tolerable upper intake level for iodine (UL)
is the highest level of iodine consumption that is
unlikely to cause adverse effects in most individu-
als. The value of UL has not been established and
varies between 600 and 1100 pg/day. Gardner et
al. and Paul et al. conducted studies that involved
the supplemental intake of 500 and 1500 ug iodine
per day, in addition to the usual iodine intake in the
diet (200—300 pg/day). They showed that for those
who were supplemented with 1500 pg of iodine
per day, TSH concentrations increased signifi-
cantly with a decrease in serum T4 concentration.
It was also observed that the supplementation of
500 ug iodine daily caused no significant changes
in the basal serum TSH or T4 levels [16,17]. Based
on these results, the lowest-observed-adverse-
effect-level (LOAEL) of iodine intake was assumed
to be 1700 pg/day. The Institute of Medicine set
UL at 1100 pg/day for adults by dividing the LOAEL
by an uncertainty factor (UF), also known as the
margin-of-safety, which was determined by the
Institute of Medicine to be 1.5 [4]. The European
Commission Scientific Committee on Food select-
ed higher UF of 3 and set UL at 600 pg/day [18].
The Expert Group on Vitamins and Minerals and
the Council for Responsible Nutrition established
a guidance level for supplemental iodine intake of
500 pg/day [19,20]. The American Thyroid Associ-
ation (ATA) caution against the ingestion of iodine
and kelp supplements with the amount of iodine
above 500 pg/day [21].

Amounts greater than UL may lead to thyroid
dysfunction, such as thyroiditis, goitre, hypo-
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thyroidism and hyperthyroidism, both subclini-
cal and overt, and sensitivity reactions [4]. In
the state of excess iodine, Wolff-Chaikoff effect
occurs, resulting in the discontinuation of the
production and release of thyroid hormones.
This effect is mostly transient, however, failing
to escape from the acute Wolff-Chaikoff effect
may lead to iodine-induced hypothyroidism.
Another effect caused by excess iodine intake is
the Jod-Basedow phenomenon (iodine-induced
hyperthyroidism), which occurs mostly in indi-
viduals with dysregulation of the thyroid follicu-
lar cell [22]. The most susceptible to the adverse
effects of excess iodine are patients with autono-
mously functioning nodular goitre living in mod-
erate to mild iodine-deficient areas, patients with
Graves' disease, also in remission after treatment,
Hashimoto's disease, history of partial thyroidec-
tomy [21,23,24]. lodine-induced hyperthyroidism
has also been reported in a situation of excess
iodine in euthyroid patients with nodular goitre in
iodine sufficient areas [25].

ICM-induced thyroid dysfunction

ICM typically contains 13500 ug of free iodine
and 15-60 g of bound iodine [2], a quantity great-
ly exceeding UL. Contrast media is widely used
in radiology to increase the contrast between
the tissues in the images. lodine-based con-
trast agents are commonly used during com-
puted tomography (CT) and interventional proce-
dures. However, they are known to cause various
adverse effects, leading to acute reactions such
as allergy-like or hypersensitivity reactions or
chemotoxic responses. Late adverse reactions
include post-contrast acute kidney injury and
thyroid dysfunction [26]. ICM can be classified
as high, low and iso-osmolar, with high osmolar
ICM ranging from 1400 to 2500 mOsm/kg, low
osmolar from 290 to 702 mOsm/kg, and iso-os-
molar of 290 mOsm/kg. ICM with an osmolality
closer to serum osmolality (285-295 mOsm/kg)
has a lower incidence of side effects but contain
more particles in solution per iodine atom (iodine
ratio). Nevertheless, both high and low osmo-
lar ICM contain an amount of iodine well above
the RDA. Low and iso-osmolar ICM are more fre-
quently used because of the lower risk of renal
adverse effects in patients with chronic kid-



ney disease [27,28]. The required amount of ICM
varies between 50 and 100 mL for CT scan and
up to 200 mL for invasive procedures [29], and
iodine levels continue to be elevated for up to 1-2
months after ICM injection [30]. ICM routinely
used in practice are presented in Table 1.

ICM exposure is associated with an increased
risk of developing thyroid dysfunction. Indeed,
IIH has been confirmed in susceptible individu-
als as well as in patients with intact thyroid [31].
In a group of patients without pre-existing thy-
roid disease, Rhee et al. observed a 2-3 times
increased probability of developing hyperthyroid-
ism after coronary angiography compared to the
control group [2]. The incidence of IIH is greater
in iodine-deficient areas (up to 1.7%) and low in
iodine sufficient areas [32]. Although IIH has been
confirmed by multiple studies, the prevalence of
IIH remains unclear [30,33-40], with the preva-
lence of subclinical IIH varying from 0% to 9% and
overt IIH ranges between 0% and 10% (Table 2).
The effect of ICM on thyroid status is believed to
be transient and monitoring of thyroid function
before and after ICM administration is not gener-
ally recommended [41]. However, published data

shows that exposure to ICM can lead to severe
thyrotoxicosis resulting in thyroid storm, cardio-
genic shock and cardiopulmonary arrest [42,43].
Some authors recommend that patients who
present risk factors for IIH should be examined
for thyroid dysfunction after ICM [21].

ICM administration may also lead to the devel-
opment of ICM-induced hypothyroidism, which
is usually transient. In 2 to 3 weeks after iodide
withdrawal, thyroid hormone synthesis usually
returns to normal but some patients may develop
permanent hypothyroidism [44], hence, the moni-
toring of patients diagnosed with ICM-induced
hypothyroidism is necessary.

Prophylactic therapy

Prophylactic therapy of IIH has not been suffi-
ciently investigated in prospective studies, with
only a few studies on small groups of patients
performed. Thiamazole and/or sodium perchlo-
rate are generally considered as prophylactic
therapy of IIH, but specific guidelines are needed
to establish the regimen of prophylaxis. Thiama-

Table 1. Osmolality, iodine ratio and iodine content in iodinated contrast agents

Name Type Osmolality lodine  lodine content
[mOsm/kg H,0] ratio [mg/ml]
metrizoate 370 (Isopaque) ionic monomer 2100 0.5 370
diatrizoate (Renografin) ionic monomer 1570 0.5 300
iopromide 370 (Ultravist) nonionic monomer 774 3.0 370
iohexol 300 (Omnipaque) nonionic monomer 672 3.0 300
iomeprol 350 (lomeron) nonionic monomer 618 3.0 350
iohexol 240 (Omnipaque) nonionic monomer 518 3.0 240
iodixanol 320 (Visipaque) nonionic dimer 290 6.0 320
lodine ratio: ratio of iodine atoms to particles in solution; Serum osmolality: 285-295 mOsm/kg
Table 2. Summary of the studies that investigated ICM-induced hyperthyroidism
Study Study Follow-up Subclinical Overt
group (n)  (weeks)  Hyperthyroidism  Hyperthyroidism
n (%) n (%)
Jarvis et al. [37] 102 8 2(2.0) 0
Conn et al. [40] 73 8 4(5.4) 2(2.7)
Bonelli et al. [39] 810 52 74 (9.1) 7(0.8)
Hintze et al. [38] 788 12 27 (4.9) 3(0.4)
Ozkan et al. [34] 101 8 7(6.9) 0
Lee et al. [30] 49 4 4(8.1) 1(2.0)
Skorkowska-Telichowska et al. [33] 59 26 3(5.0) 6 (10.1)
Koroscil et al. [35] 56 1 0 0
Kaneshige et al. [36] 22 26 0 0

Abbreviations: ICM: iodinated contrast media
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zole blocks the production of thyroid hormones
by inhibiting thyroid peroxidase in the thyroid
gland, thus inhibiting the iodination of tyrosine
residues in TG [45]. Sodium perchlorate prevents
iodide from entering the thyroid by an effect on
the Na+/1- symporter, therefore stopping the syn-
thesis of T3 and T4 [46]. Nolte et al. [47] observed
that prophylactic treatment with monotherapy
with 20 mg/day thiamazole or 900 mg/day sodium
perchlorate has a protective effect against iodine
excess in patients with euthyroid autonomy.
Nevertheless, despite therapy with thiamazole
or sodium perchlorate, two cases of mild hyper-
thyroidism have been reported. Another study
investigated a group of 60 euthyroid patients, of
which 27 individuals received prophylactic treat-
ment with 60 mg methimazole and 1 g perchlo-
rate administrated one day before and on the
day of ICM exposure. Three cases of mild hyper-
thyroidism were observed in the control group.
One case of hyperthyroidism was reported in
the group with prophylaxis, however, this patient
had another ICM injection without premedication
2 weeks after the first ICM injection [48]. Fricke
et al. studied a group of 19 patients undergoing
coronary angiography with technetium thyroid
uptake greater than 1%. Patients were adminis-
tered with the prophylactic treatment of 900 mg
of perchlorate for two weeks in monotherapy or
combined with 20 to 60 mg thiamazole for 1-2
weeks. Two cases of mild thyrotoxicosis were
reported [49].

ATA does not recommend routine prophy-
laxis with antithyroid drugs before ICM but sug-
gests considering prophylaxis in patients at risk
of developing IIH [23]. The European Society of
Urogenital Radiology (ESUR) introduced a sample
combination regimen for prophylaxis with 30 mg
once daily thiamazole and 300 mg three times a
day sodium perchlorate, from the day before ICM
and for the next 14 and 8-14 days, respectively.
Both ATA and ESUR advise against the use of ICM
in patients with hyperthyroidism [3].

Summary
In conclusion, IIH is an underestimated clini-
cal condition, which, if not treated, may lead to

severe health consequences, especially in the
elderly and patients with cardiovascular disor-
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ders. The prevalence of IIH remains unclear. Until
now, the prophylactic treatment of IIH with thia-
mazole and/or perchlorate in various regimens
has been proposed, although the effectiveness
of these drugs is uncertain. Further prospective,
randomised studies on representative groups of
patients concerning the prophylactic therapy of
[IH are crucial for the proper prevention of this
thyroid dysfunction.
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ABSTRACT

Acute pancreatitis is frequently complicated by pancreatic fluid collections (PFCs), which usually resolve
spontaneously but some can mature forming large cysts filled with fluid or necrotic debris. Historically,
they have been surgically removed but with the advancement of endoscopic procedures, endoscopic drain-
age has emerged as a safe first-line treatment of PFCs. Furthermore, the development of plastic stents and
lumen apposing metal stents (LAMS) has replaced not only open surgery but also the percutaneous drain-
age due to fewer adverse events. In particular, the LAMS has gained favour recently as large meta-analysis
suggested their advantages over plastic stents in the treatment of PFCs, however, data regarding their use in

the drainage of PFCs are still scarce.

Introduction

Pancreatic fluid collections (PFCs) are common
complications of acute pancreatitis n over 40%
of patients [1]. evised Atlanta criteria categorie
PFCs as acute (<4 weeks after episode of pan-
creatitis) or chronic (>4 weeks after episode of
pancreatitis), which are further subdivided by the
presence or absence of necrosis in the fluid col-
lection. acute PFCs are acute peripancreatic fluid
collections (APFCs) that do not have a defined
wall and are reabsorbed spontaneously within
several weeks. The remainder form acute necrot-
ic collections (ANCs) consist of a combination
of necrotic tissue and variable amount of fluid.

ifferentiation between the two is difficult sequen-
tial imaging is often required. These PFCs can
mature and form a capsule leading to creation
of pancreatic pseudocysts (PP) and walled-off
pancreonecrosis (WOPN) respectively [2]. Tradi-
tionally, large PP, WOPN or infected necroti pan-
creatitis can be treated with open necrosctomy
with a recent tendency towards step up surgical
approach based on percutaneous or endoscopic
drainage. These minimally invasive procedures
are associated with decreased mortality, mul-
tiorgan failures, and long term pancreatic endo-
crine and exocrine insufficiency [3,4]. Studies
also attempted to compare the outcomes of per-
cutaneous and endoscopic drainagedifference
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in major complications or mortality between the
two methods demonstrated, however, the per-
cutaneous approach was complicated with an
increased inflammatory respone, higher rate
of pancreatic fistulas and longer hospital stay
[5,6]. With furher advances in endoscopic proce-
dures and the development of plastic stents (PS)
and more recently, lumen aposing metal stents
(LAMS), endoscopic drainage has become widely
regarded as a safe first-line therapy for patient
with necrotic or infected PFC, symptomatic PP
that are anatomically amenable to drainage.

PS were the first utili in transmural endoscop-
ic drainage of PFCs. Initially gastroscopic evalu-
ation performed to identify PFCs by extrinsic
bulging compressing the gastric lumen. After-
wards multiple PS could be positioned transmu-
raly with placement with endoscopic and fluoro-
scopic guidance. This approach has evolved with
the development of endoscopic ultrasound (EUS)
as the PFCs could be directly visuali allowing for
more precise stent placement, thereby associ-
ated with decreased number of complications.
PS have been proven effective for drainage of PP
with complete resolution of the PFCs in 8293% of
cases with cyst reoccurrence [7-10]. Nevertheless,
EUS assisted PFCs drainage with the use of PS is
associated with multiple complications includ-
ing acute bleeding episodes, stent occlusions or
migration, infection and perforation that occur in
240% of patients [11]. Although intervention with
PS have proven to be effective in the treatment of
fluidfilled cysts, WOPN cavities with more solid
debris have led to increased risk of stent obstruc-
tion due to small diameter of PS [12].

Monumental advances to endoscopic inter-
vention of PFCs arrived with the development of
LAMS. These stents are similarly placed across
luminal structures to create gastro-pancreatic
connection. LAMS are tubularshaped biflanged
which allows proper anchoragedecreas the risk
of migration (Figure 1). Placement of LAMS has
allowed for more efficient drainage of PFCs due
to the larger diameter size while allowing direct
interrogation of the cyst cavity through the stent
and subsequent intervention such us necrosec-
tomy. This is usually performed in WOPN with
large necrotic component, in infected necroses or
infected fluid collections [13].

There are multiple LAMS currently available
on the marketAxios (Boston Scientific, USA)
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Figure 1. Endoscopic view of LAMS

Hanaro (M.l Tech, South Korea), Nagi and Spaxus
(Taewong Medical, South Korea), Aix PPS (Leufen
Medical, Germany), that vary in length (from 5 mm
to 30 mm) and diameter (from 8 mm to 16 mm)
(Figure 2). Initial studies have not shown benefits
of LAMS over PS in PP and LAMS were believed to
have more indications in the setting of WOPN, yet
many studies revealed contradict results. Howev-
er, large metaanalysis of Yoon (PP 250 patients,
WOPN 555 patients) provided data the more fre-
quent use of LAMS as they demonstrated higher
technical and clinical success rate with dverse
events after LAMS placement compared to PS.

Recent large meta-analysis of 14 studies from
2012 to 2016 that included 812 patients (608
WOPN, 204 PP) demonstrated high technical and
clinical success rate of LAMS in the treatment of
PFCs. LAMS were successfully placed in 98.9%
and resolution of patient symptoms with at least
50% size reduction of PFCs was accomplished
in over 90% of patients with WOPN. In the treat-
ment of PP the technical and clinical success
was even higher, respectively in 97% and 98% of
patients. Unfortunately, 10.1% of patients devel-
oped complicationsoccurred early and included
infections (3.6%), bleeding (3.3%) or stent migra-
tion (1.9%). Fortunately, major events as perfora-
tions occurred in 0.6% of patients [14]. Our data
also demonstrated promising outcomes, as none
of the 43 patients with PFCs treated with LAMS
developed any major complications and adverse
events were mostly limited to minor acute bleed-
ing episodes resolving after cauteri (4.7%) or stent
migrations (7.0%) [15].
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Figure 2. Currently available LAMS

The newest modification, adopted by
advanced endoscopists in 2015, led to integration
of LAMS with electrocautery enhanced delivery
system that enables advancement of the stent
using cautery instead of prior dilation. This has
resulted in reduced risk of malposition, leakage
and is very cost [16].

In conclusion, with the advancements of
endoscopic procedures, this minimally invasive
approach using PS and LAMS becme mainstay
of treatment of PFCs. The endoscopic approach
associated with decreased mortality and mor-
bidity over a surgical approachadverse events
tha percutaneous drainage. The development of
LAMS approach as recent data suggests advan-
tages over PS in the treatment of PFCs but fur-
ther randomi controlled trials are needed.
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ABSTRACT

Collaboration between physicians and pharmacists is essential for proper and effective medical care. Medi-
cine is a multifaceted discipline where success is judged by the outcomes of the patient’s wellbeing. Incorpo-
rating interdisciplinary education within healthcare enhances the cooperation between future medical pro-
fessionals. In this comprehensive review, we present the current steps that have been implemented to apply
interdisciplinary care as well as interprofessional cooperation possibilities during the COVID-19 pandemic.

Introduction

Polypharmacy remains a pivotal challenge in
geriatric medicine [1]. Older individuals experi-
ence drug-related problems (DRPs) with com-
mon side effects limiting the desired treatment
outcomes and efficacy. The modern therapeu-
tic model regarding the care of such issues
in geriatric patients undoubtedly demands a
different approach, with the potential of an
interdisciplinary avenue. The concept of close
cooperation between physicians and clinically-

oriented pharmacists has already flourished in
many countries such as Canada, the Nether-
lands and the United Kingdom [2-4]. The col-
laboration between physician and pharmacist
may have great value in these difficult times
as a result of the COVID-19 pandemic. Due
to a lack of scientifically-based treatments
for COVID-19 infection, the complications of
potential adverse effects, including polyphar-
macy, becomes more important. This is espe-
cially evident in older individuals, which have
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shown infection susceptibility for the COVID-
19 virus. Implementation of such collaboration
can assure better control of potential disease
and drug interactions as well as the consist-
ent implementation of safeguards for pharma-
cotherapy and disease persistence. This is of
great importance, especially during a pandem-
ic as polypathology, if not controlled, can be
a predisposing factor for the life-threatening
course of COVID-19. This article presents a lit-
erature review of the potential implementation
of the physician/pharmacist cooperation, with
an emphasis on the COVID-19 pandemic and
implementation potential for enhancing patient
wellbeing.

Collaboration around the World

To understand the true nature of the physician/
pharmacist interaction concerning polyphar-
macy, and its impacts on the quality of care in
older patients, a literature review was performed
using the PubMed database to identify relevant
articles published in the last 5 years (2015-2019).
The following keywords were generated for the
search: pharmacist(s), general practitioner(s),
primary health care, community pharmacy
service(s), polypharmacy, older adult(s), pharma-
cist and physician cooperation. After segregating
preliminary results, 47 articles were identified, of
which six were designated for the final analysis.
The following article exclusion criteria were used:
lack of substantial results depicting collabora-
tion between physicians and pharmacists, lack of
intervention concerning the improvement of care,
and shortage of visible cooperation between phy-
sicians and pharmacists. Favoured articles had to
meet the following selection conditions: interven-
tion which relates to polypharmacy among older
patients and description of cooperation actions
undertaken by physicians and pharmacists. Each
of the chosen articles develops on the impor-
tance of collaborative work with an emphasis on
improved care in elderly patients with polyphar-
macy. The literature provides insight and impor-
tance for interprofessional cooperation and its
potential for implementation in therapeutic mod-
els, which could provide elderly patients with bet-
ter care and wellbeing. A more detailed summary
is presented in Tables 1 and 2. For a better under-
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standing of possible ways of interprofessional
cooperation and potentially beneficial outcomes
regarding pharmacotherapy, see Figure 1.

The Significance of Poten-
tial Cooperation During the
COVID-19 Pandemic

It has been noted that the discontinuity of treat-
ment caused by the decreased accessibility of
conventional healthcare services during a pan-
demic can promote deterioration of chronic dis-
eases among elderly patients. Subsequently, this
results in the need for emergency healthcare,
thereby placing additional strain on the health-
care system [11]. According to Zheng et al., phar-
macists should provide chronic disease treat-
ment management at the counter, pay attention
to medication adherence and ensure safe medi-
cation use [12]. The emergence of the pharma-
cist, as a partner to the physician in treatment
counselling, has been noted during the coronavi-
rus (COVID-19) pandemic [12].

Indeed, pharmacists have proven to be essen-
tial partners of physicians during the COVID-19
outbreak, with their input not only enhancing
the essential care of patients but also alleviating
the burden placed on the healthcare system. In
response to the COVID-19 pandemic, Aruru and
colleagues presented an essential framework for
the implementation of pharmacists into public
healthcare services [13]. Moreover, a collabora-
tion between physicians and pharmacists during
this outbreak may be crucial in the management
of medication and treatment protocols of elderly
patients. Medications administered in the treat-
ment of COVID-19 pneumonia vary from poten-
tially beneficial to those whose risks outweigh
their potential medicinal benefits [14]. Thus, the
potential toxicity of multiple drug schemes used
in treating coronavirus severe acute respiratory
syndrome may demand additional pharmacist
input to ensure their safety. This is especial-
ly evident in the hectic healthcare environment
as a result of the pandemic. Furthermore, con-
sultations between these two professions have
the potential to enhance the treatment in indi-
vidual cases of COVID-19. It is worth emphasis-
ing that elderly patients who are more likely to
present fulminant symptoms of COVID-19 may



Table 1. Studies concerning interprofessional collaboration between medical doctors and pharmacists from the last 5 years (2015~

2019) obtained from the PubMed database
Study Sample Size Objective/Methodology Results
(Inclusion/exclusion criteria Included)
DeBock Let 52 out of 261 participants were involved - to evaluate the successes and - 122 discrepancies detected at the
al. [5] (inter-  in the study (20%), the other 80% were barriers of the implementation admission;
ventional excluded based on the following exclu- of a pharmacist-led full - 254 potentially inappropriate
study) sion criteria: medication review process in medications detected;
- age (<70 years), the geriatric ward; - 192 therapeutic
- polypharmacy (<5 drugs taken at - extended medication recommendations were issued, of
home), reconciliation at the time of which, 13% were fully accepted
- admission to the geriatric ward less admission and discharge; and 6% required an adjustment
than 3 months ago, - amedication review by the (e.g., different dose, different
- cognitive impairment, clinical pharmacist using alternative drug)
- absence of clinical pharmacist/no appropriate medication - Medication Appropriateness
consent therapy screening tools Index (MAI) improved from 75% to
(STOPP/START and GheOP?S) 88.2%
Koberlein- 162 patients consented in writing to par- - to evaluate the efficacy of - significant decrease in the MAI

Neu J et al. [6]
(cluster-ran-
domised trial)

ticipate, of which, 142 patients were in-

cluded in the intention-to-treat analysis

Inclusion criteria:

- Age = 65 years,

- aminimum of 3 chronic disorders
affecting 2 different organ systems,

- atleast 1 cardiovascular disease,

- atleast 1 visit to the primary care
physician in each of the preceding
3-month intervals,

- 5 or more long-term drug treatments
(>3 months) with systemic effects,

- ability to complete questionnaires,
with assistance if required,

Exclusion criteria:

- Life expectancy of less than 12
months (assessed by the treating
primary care physician)

interprofessional medication
management for multi-morbid
patients;

medication management
consulted with the pharmacist
and care provided by the
Pflege- und Wohnberatung
(PuW, home-care specialists)
using a case management
concept according to the
German Society for Care and
Case Management (Deutsche
Gesellschaft fiir Care und Case
Management, DGCC) after
obtaining recommendations

score in the intervention phase
(22.27,95% C1 19.00; 25.54) in
comparison to the control phase
(29.21,95% Cl 26.09; 32.33)

Nachtigall A
etal. [7] (pro-
spective, con-
trolled trial)

411 patients recruited (intervention

group: n=209, control group: n=202) and

allocated according to the ward they

were treated on (ward A - intervention

group, ward B - control group);

Inclusion criteria:

- age (270 years),

- polypharmacy (> 5 drugs),

- written informed consent

Exclusion criteria:

- patients with an estimated life
expectancy of less than 1 week,

- cognitive impairment,

- previous participation in this study
during the last 3 months in the same
hospital

medication analysis in search
of DRPs;

priority classified
recommendations were
prepared for treating
physicians to reduce DRPs and
improve MAI

- the percentage of patients with
DRPs reduced from 86.6% to
56.0% in the intervention group,
from 76.7% to 76.2% in the
control group (p < 0.001);

- MAI score reduced by 56% in the
intervention group and 0.2% in
the control group (p < 0.001);

- the implementation rate of the
pharmaceutical recommendation
80%

Cortejoso L et
al. [8] (pro-
spective
study)

1,859 consecutive patients admitted to
an orthogeriatric ward or discharged
from an orthogeriatric ward or dis-
charged from the geriatric day unit

to evaluate the clinical
significance of the detected
medication errors;
interventions regarding
medication reconciliation
written at admission to the
ward or orally by a pharmacist

- most of the pharmacist's
interventions due to clinically
significant interactions (30.4%
n=308);

- orthogeriatric ward: A total of
2,389 administration
explanations and 252 medication
plans written, explained, and
given to the patients at discharge;

- geriatric day unit: 48 medication
plans written, and 447
explanations for the
administration of the drugs
conducted
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Study Sample Size Objective/Methodology Results
(Inclusion/exclusion criteria Included)

Denneboom 738 older (275 years) patients with - to determine which procedure - pharmacists in the case-
W et al. [9] polypharmacy (>5 drugs) (case conferences or written conference group identified
(randomised, Exclusion criteria: feedback) leads to more significantly more
controlled - terminally ill, medication changes (savings recommendations themselves
trial) - living in a home for older people and costs were included); than the pharmacists in the
- pharmacists performed written-feedback group (41.7% vs
treatment reviews in both 34.2%, P = 0.003);
cases conference consulted - significantly more medication
and written feedback changes initiated in the case-
consulted intervention groups conference group than in the
of older people with written-feedback group (42 vs 22,
polypharmacy; reviews P =0.02);
conducted via computerised - this difference still present 6
screening tool and enhanced months after treatment reviews
by pharmacists, then passed (36 versus 19,P =0.02) but 9
on to GPs months after treatment reviews,

the difference was no longer
significant (33 vs 19, P = 0.07);
- additional costs in the case-
conference group covered by the
greater savings in this group

RoseOetal. 142 patients - toidentify and prioritise - the chance of benefiting from a
[10] (cluster-  Inclusion criteria: eligible patients for a medication review rises by 1.06
randomised - age 65 years or older, medication review and create per 1-point increase in the
controlled - = 3 chronic diseases out of 2 different criteria for patient selection; baseline MAl score;
study) organ systems with at least 1 - measured acceptance of the - per each discrepancy between
cardiovascular disease, prescribing physician's the prescribed and the used
- use of 5 or more systemically acceptance of the drugs, the chance for a major
available drugs, pharmacist's recommendation;  benefit from the medication
- given formal consent to participate in - Intervention: after GPs review increases 1.2 times;
the study, provided all medical data - the earlier patients entered the
- history of > 1 visit to the GP during concerning patients and intervention period, the more
each of the past 3 quarters of the year ~ home-care specialists beneficial it was for them,
Exclusion criteria: conducted an interviewanda - atotal of 366 (54.9%) of the 667
- insufficient ability to speak or read classification, pharmacists drug therapy recommendations
German, performed a medication review  were implemented by the
- participation in other studies, and transferred it to GPs for physicians;
- severe, end-stage diseases (probable potential therapeutic changes - reasons for non-acceptance were
death within 12 months) the need for further information

(18%), medical reasons (9%),
budgetary reasons (5%) or special
aspects in the patient's treatment
history unknown to the
pharmacist (68%)

Table 2: Summary of interventions associated with interprofessional collaboration between physicians and pharmacists from the

PubMed database
Study Cooperation between pharmacist and primary physician

De Bock L The medication review was followed by a discussion between the pharmacist and the geriatrician; additional
etal. [5] meetings between the geriatrician and pharmacist to discuss recommendations and acceptance
Koberlein-Neu J  After reviewing the patient's data, the pharmacist passed medication management recommendations to the
etal. [6] primary care physician who provided feedback on the implementation of recommendations
Nachtigall A All issues regarding a patient were discussed during a meeting with the physician, which was arranged by a
etal. [7] pharmacist. Discussion preceded acceptance, modification or rejection of the recommendations. In only 20

cases, a face-to-face meeting was not feasible, however, a consultation was conducted by placing
recommendations into patient's charts.
Cortejoso L Drugs at admission and proposed alterations were registered electronically by the pharmacist so the primary
etal. [8] physician was aware of possible problems with medications. In many cases, the pharmacist was requested by a
physician or a nurse for information related to the pharmacotherapy.

Denneboom W  The pharmacist and GP discussed all recommendations during case conferences regarding individual patients,

etal. [9] completing a standardised care plan together.
Rose O GP provided a feedback form for the pharmacist's recommendation regarding the analysed patient. No face-to-
etal.[10] face discussion between the pharmacist and GP was mentioned in the study protocol.
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Figure 1. Methods of collaboration involving physicians and pharmacists regarding their roles and potentially positive outcomes in
medication therapy in older patients. This graphic was composed by the authors

gain a benefit from the assistance of the phar-
macist. This support may be especially preva-
lent in the potential of involving polypharmacy.
Avoiding the possibility of drug-based interac-
tions can only enhance the outcome and wellbe-
ing of patients. Additionally, counselling can be
provided with the use of technological resourc-
es, such as telemedical services, to restrict the
spread of coronavirus among healthcare profes-
sionals and patients [15].

Conclusions

Collaboration between physicians and pharma-
cists has proven to positively impact the care
and clinical outcomes of elderly patients. Indeed,
interdisciplinary approaches are slowly becom-
ing critical in the daily problem-solving of cases
encountered in contemporary medicine.

The vast majority of medical specialisa-
tions, including geriatrics, requires consistent
knowledge from a variety of disciplines such as
pharmacokinetics, pharmacodynamics, interac-
tions, indications and contraindications, dosing
and adverse effects of drugs. Application of this
knowledge in daily therapeutic routines is chal-
lenging but becomes crucial in consideration of
polypharmacy in older people. The importance of
considering an interdisciplinary education, espe-
cially within the field of medicine, should be the
fundamental focus of any medical-based educa-
tional system.

The COVID-19 pandemic has overexerted
healthcare systems throughout the world, with
pharmacists and physicians often placed on the
frontline against the pandemic. Pharmacists
have proven to be a valuable asset in healthcare
services with contributions to chronic disease
management and drug-based interactions. Their
specialised knowledge, when implemented in
the treatment process of COVID-19, can not only
enhance the wellbeing of patients but also allevi-
ate the burden placed on the healthcare system.
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