








It is my pleasure to be invited to write the editorial for this issue of 
Minima Medica. The year 2020 will certainly remain synonymous with 
the COVI D-19 pandemic, with all its repercussions on healthcare and 
society at large. More than ever, the power of social media has led to the 
birth of infodemiology, which is the study of dealing with a new 
phenomenon: the infodemic, ie the spread of mis-information. The way 
the media has been reporting the happenings related to the COVID-19 
pandemic has highlighted the need to spread correct information, 
particularly related to healthcare. Certainly one way of spreading the 
correct information is through peer-reviewed scientific literature, which 
medical students and future doctors still need to critica lly appraise. 

The COVID-19 pandemic has left many victims, and one serious side­
effect has been the adverse effect on mental health. It is important to 
keep in mind the holistic wellbeing of every individual, as outlined in the 
article 'Further from the COVID-19 Pandemic: A New Health Crisis?'. 
Mental health is of utmost importance, and this has come to the 
forefront particularly in recent times. Neurological conditions are also 
dealt with in this issue, in articles such as 'Spinocerebellar Ataxia Type 2 
and its association with Amyotrophic Lateral Sclerosis', 'Phantom Limb 
Syndrome', 'Parkinson's Disease' and 'Frontotempora l Dementia Case 
Report'. 
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Cancer is still generating a huge burden for citizens, cancer survivors and their 
families, and for health systems and society at large. Many more people are living 
with cancer as the result of an ageing population, unhealthy lifestyles, and 
unfavourable social, environmental and working conditions. This has prompted 
the European Union to make it one of its missions to fund more research related 
to cancer under the Horizon Europe Framework Programme for Research and 
Innovation (2021-2027): https://ec.europa.eu/info/publications/conquering­
cancer-mission-possible_en. In this edition, cancer is of course one of the topics, 
through articles such as: 'Bloom Syndrome: an example of how genomic 
instability leads to cancer'; 'The effects of different diets on Colorectal Cancer; 
and 'Vitamin D Receptor and Cancer'. Having a heallthy diet and lifestyle is also 
very important for managing irritable bowel syndrome as well as preventing 
colorectal cancer, as mentioned in two of the articles. 

Fetal development and neonatology are also important topics which are dea[t 
with in two other articles, namely 'Neonatal Hypoglycemia: A review' and 
'Pathophysiology of Hydrops Fetalis'. Despite all the material which needs to be 
covered in the medical curriculum, embryology still plays a very integral part in 
understanding intrauterine development and the impact after b irth, both in the 
short- and long term, and even in future generations of the offspring. 

The COVID-19 has led to dramatic changes in 
education, with the distinctive rise of e­
learning, whereby teaching and learning is 
undertaken remotely. Student self-learning, by 
undertaking research, increases retention of 
information, and using digital platforms, can 
lead to sharing of this information through 
peer teaching. That is why initiatives taken up 
by medical students such as Minima Medica, 
are highly commendable and encouraged. 
Keep it up! 
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The MMSA's Minima Medica Journal made its resurgence last year during MMSA 
SCOME's Research Conference following a hiatus, prior to which it was known as 
Minima Medicamenta. The relaunch, coordinated by then Medical Education Officer 
and current MMSA President, Gloria Montebello, included 6 literature reviews and 
case reports and was extremely well received. 

I am honoured to be launching the 2021 edition of Minima Medica, paving the path to 
the Journal's revival as an annual Journal. Minima Medica is one of the first, if not the 
first opportunity for our fellow medical students to delve into the world of 
publications and academia. With a total of 13 articles, more than double the number 
present in last year's edition, the 2021 edition of Minima Medica publication sees 15 
future doctors publish literature reviews and case reports, which have all been 
reviewed by established Academics and Professors at the University of Malta. 

I am indebted to the editors and SCOME Publications 
Coordinators for the term Bernardette Mangion & 
Jennifer Xuereb, as well as the Medical Education 
Assistant Nicholas Galea, w ithout whom the 
publication of this journal would not be possible. I 
would also like to thank MMSA's Public Relations 
Officer Mariah Borg for the design of the Journal, each 
and every author who submitted their article and each 
Academic who accepted to review the students' work. 

Being greatly contended by the interest that his 
journal has gathered so far, I hope that is found to be 
an interesting and fruitful read by clinicians, academics 
and students alike. 
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Dea r readers, 

We are greatly enthusiast ic and appreciative that we were given the opportunity t o 
present you with this year's publicat ion of Minima Medical The aim of this journal is to 
allow medical students a platform where they may refine, publish and share their 
work. Furthermore, within this journal one may find an array of captivating articles 

and literature reviews. 

To be able to achieve the greatest accuracy, the process of publication required both 
time and dedication from the authors, who first had to have their work reviewed by a 
tutor. This was followed by amending their submission according to suggestions from 
external reviewers. Hence, we would also like to commend external professionals as 
this publication would not have been m ade possible without their input. 

W e would like to show our 
g ratitude towards Prof 
Calleja Agius who kindly 
t ook time to write our 
forward message which 
introduced each article. 
Moreover, we would also 
like to thank our SCOME 
officer Matthew Buttigieg 
for his continual guidance 
and motivation. Lastly, we 
would like to applaud each 
author for their great effort 
and contribution. 
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Amyotrophic 
Lateral Sclerosis 
(ALS) 

Abstract 

Amyotrophic lateral sclerosis (ALS) is a m otor neuron disorder w ith a termina l 
outcome, the pathophysiology of which is not yet clearly understood. There are 
various subtypes of ALS and factors related both to the environment and to genetics 
which play a role in the development of the condition. This article will give a general 
overview of ALS and will specifically discuss some of the different types of ALS, its 
possible causes, neuropathology, signs and sympt oms and its progression. 
Therapeutic interventions and a brief mention of the future of ALS research will also 
be outlined. 
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Introduction 

Amyotrophic Lateral Sclerosis (ALS) is a 
neurodegenerative condition w hich is, 
as yet, incurable. Deterioration of motor 
neuron occurs in ALS (1,2). Motor 
neurons have cell bodies which are 
either present within the motor cortex 
of the bra in, the brainstem or the spinal 
cord. The axon fibre of motor neurons 
projects to the spinal cord or to target 
glands and muscles in order to control 
them directly or indirectly (3). 
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Upper motor neurons (UMNs) and 
lower motor neurons (LM Ns) are t he 
two types of motor neurons that exist. 
LMNs innervate effector muscles 
directly and their cell bodies are located 
inside the grey matter of the spinal cord 
and brain stem. UMNs control LMN 
activity and form the descending 
corticospinal and corticobulbar tracts 
(4). The axons of LMNs are efferent 
fibres which conduct signals from the 



spinal cord to target glands or muscles 
(5). The motor neuron system is 
depicted in Figure 1. 
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Figure l - The motor system showing 
UMNs and LMNs. Adapted from Brown 
& Al-Chalabi, 2017 
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Progressive UMN death along with 
LMN death takes place throughout the 
course of this disease, resulting in a 
variety of symptoms (1,2). 

ALS may be familia l or sporadic. 
Familial ALS (fALS) occurs when the 
diagnosed individual has at least one 

affected relative, while in sporadic ALS 
(sALS) there is no k nown affected 
relat ive. The incidence of ALS 
decreases in people aged 80 years and 
above (6,7). 

Epidemiology 

The registry European Amyotrophic 
lateral sclerosis (EURALS) showed an 
estimated incidence of ALS of 2.2 per 
100,000 person-years (8). Incidence 
rates of ALS range from l.lper 100,000 
per year to 2.2 per 100,000 per year in 
difference parts of Europe (9). 

fALS is distinguished from sALS as it has 
an earlier mean age of onset, around 46 
years as opposed to 56 years in sALS 
(10). 

The overall male-to-female ratio of A LS 
is 1.5 - 2:1 making ALS more common in 
men (11). 

Classification of ALS 

ALS is classified as being part of a group 
of MNDs. ALS is the most common 
MND and it is the predominant MND in 
adults (12,13). 



There are two main forms of classical ALS: 

1. Spinal onset ALS, or limb onset ALS and 
2. Bulbar onset ALS (14). 

Spinal onset ALS presents with upper and lower limb weakness at first, as shown in 
Figure 2(15). The initial presentation of bulbar onset ALS includes loss of ability to 
speak, swallow and chew as per Figure 2 (16). A better prognosis is generally seen in 
spinal onset ALS as is shown in Figure 3 (17) 

a Spinal 
onset 

b Bulbar 
onset 

Figure 2 - Patterns of motor involvement in spinal onset ALS vs bulbar onset ALS. 

More severe involvement is illustrated using darker shading. Adapted from 

Swinnen & Robberecht, 2014. 

7 



QJ 
.:: 
< 
~ 
c 
QJ 

·.;; 
ns 

Q. 

'""" 0 
c 
0 •t: 
&. e 
Q. 

1.0 Primary lateral sclerosis 
- Progressive muscular atrophy 

0.8 
- Spinal-onset ALS 
- Bulbar-onset ALS 

0.6 

0.4 

0.2 

o.01L __ __::::::=:~~~===t:::=±__ __ 
0 100 200 300 400 SOO 

Survival from Onset (mo) 

Figure 3 - Graph showing proportion of patients alive against survival from onset 
(months). Adapted from Brown & Al-Chalabi, 2017. 

Regional ALS 

When symptoms of ALS affect only one 
spinal cord region for a year or more, 
the condition is termed a regional 
variant of ALS. There is slower 
progression than classica l ALS and 
survivaltends to be longer (18). 

Age of Patient at Onset of ALS 

Age at onset can also be used to 
classify the type of ALS. Approximately 
10% of all ALS cases start before 
patients reach 45 years of age. This is 
considered young onset ALS. Juvenile 
ALS occurs in 1% of cases and is said to 
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occur when ALS appears before the 
age of 25 (6,16). Sudden functional 
decline and lower longevity are 
common in late onset ALS, which 
occurs after the age of 65 (19). 

Causes of ALS 

Despite the number of genes t hat are 
known to be linked with ALS as well as 
a better understanding of the various 
cellular processes that contribute to 
the disease's pathogenesis, the exact 
cause of ALS remains, as yet, 
undetermined (20). It is t hought that a 
combination environmental factors 
such as smoking, body mass index and 



metal and pesticide exposure, as well 
as genetic factors contribute t o the 
incidence of ALS (21). 

Genetics of ALS 

Around 10% of all ALS cases are familial, 
(22,23). fALS and sALS cannot be 
distinguished clinically (22). Recent 
studies have shown that the burden of 
ALS-associated genes in sALS appear 
to be lower than previously estimated 
(23). 

Four specific genes are associated with 
most cases off ALS: 

l. C9orf72 (chromosome 9 open 

read ing frame 72) - 40% 
2. SODl (Su peroxide dismutase [Cu-Zn]) 
- 20% 
3. FUS (fused in sarcoma gen e) - 1- 5% 
4. TARDBP (TAR DNA Binding Protein) 
-1-5% 

More than one gene must be affected 
for ALS t o occur due to the oligogenic 
inheritance ofALS. At least 25 genes 
have been linked to fALS, sALS or both 
since 1990 (25). 

Three main pathways have been 
identified in which genes associated 
with ALS cluster: 

l. Disturbed RNA metabolism 
2. Proteostasis 
3. Axonal transport defects (26) 
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ALS and Frontotemporal Dementia 

ALS and frontotemporal dementia (FTD) 
are better defined as being part of a 
disease spect rum. This spectrum came 
about due to the pathological, clin ical 
and genetic similarities between the 
two diseases. ALS with no cognitive 
involvement is known as pure ALS while 
pure FTD excludes any signs of MND. 
These two conditions are found at 
opposite poles of the continuum (7). 

Neuropathology 

A signature feature of ALS is dysfunction 
of both UMNs and LMNs (27). A 
pathognomonic feature of ALS is the 
aggregation of certain proteins within 
the cytosol of motor neurons. These are 

termed inclusion bodies (15,28). 

TDP-43 protein may aggregate 
abnormally within the cytoplasm. This 
occurs in around 97%of ALS cases while 
it is also seen in up to half of those with 
FTD (29). The inclusion bodies which 
deposit in the brain and spinal cord of 
patients who suffer from ALS and FTD 
contain hyper-phosphorylated and 
ubiquitinated TDP-43 aggregates (28). 
UMN and LMN cell death which follows 
axonal degeneration and 
neuromuscular junction loss is a 
neuropathological signature of ALS (31). 

Atrophy of peripheral muscles and of 
the motor cortex as well as 
corticobulbar and corticospinal tract 
sclerosis and hypoglossal nerve thinning 
are gross pathological features of ALS 

(15). 



Signs and Symptoms 

ALS results in muscle atrophy, 
weakness and spasm which affect the 
entire body. Both UMN and LMN signs 
may be present since both are affected 
in ALS. UMN signs include 
hyperreflexia, spast1c1ty and slow 
movements whereas LMN signs 
include muscle wasting and decreased 
muscle tone, the presence of 
fascicu lations and hyporeflexia (30). 
Upper limb onset typica lly occurs in 
the dominant hand and seems to 
preferentially involve the t henar 
muscles(32). The anterior ti bial muscle 
seems to be the starting point of lower 
limb onset (33). Muscle weakness often 
starts in the distal limb muscles (34). 

Symptoms of ALS usually only affect 
one section of the spinal cord initially 
before progressing to other regions 
(16). Control of all intentional motor 
function may be lost (35). The most 
frequently reported cognitive issues in 
ALS are problems with language, 
executive functions, social cognition as 
well as verba l memory (36). 

Most ALS patients experience pain 
which may be a result of nerve damage 
(neuropathic),muscle cramps and 
spasticity. Back, neck, shoulder pain 
and pressure ulcers also contribute to 
pain in ALS (37). 

Initial symptoms in bulbar onset ALS 
include dysfunction related to speech 
and swallowing. Fasciculations and 
tongue wasting are common in bulbar 
ALS (6). Some of the observable signs of 

10 

ALS are shown in Figure 4 and Figure 5. 

Diagnosis of ALS 

Diagnosis of ALS is made clinically. The 
presence of UMN and LMN signs are 
integral to the diagnosis of ALS (30). 

LMN involvement can be detected by 
needle electromyography (EMG)before 
it becomes clinically detectable. This 
extends the physical examination and 
al lows early diagnosis (38). Positron 
emission tomography {PET) scanning 
may detect hypometabolism w ith in 
frontotemporal lobes of patient s with 
ALS (39). 

Although various biomarkers are being 
explored as potential diagnostic 
features, none are currently commonly 
used in medical practice (40, 41). 
Examples of such biomarkers obtained 
from cerebrospinal fluid include 
cystatin C and peptic fragment of the 
nerve growth factor inducible (VGF) 
(42). 

Therapeutic Interventions 

ALS currently has no cure. Treatment is 
oriented towards easing symptoms 
and supportive management , the goal 
being to provide a better quality of life 
(QoL) and prolonging life (14). 

ALS Drug Treatment 

A number of medications are used to 
manage various symptoms in ALS (43). 
Medications such as riluzole, a 
glutamate antagonist, slow disease 



Figure 4 
Panel A - Upper limb muscle atrophy typical of flail arm syndrome in ALS 
Panel B - Atrophy of infraspinatus, supraspinatus and deltoid in ALS patient 

Panel C - Thenar muscle wasting in ALS patient 
Panel D - Tongue atrophy in patient with bulbar onset ALS 
Adapted from Kiernan et al., 2011 

c 

Figure 5 
Panel A - Lateral atrophy of the tongue in an ALS patient 
Panel B - Atrophied upper limbs in flail arm syndrome in ALS 
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progression and may prolong survival 
by two to three months (44,45). The 
drug edaravone, an antioxidant, may 
modestly decrease the rate of decline 
in function in only a very small group of 
patients who meet very specific criteria 
(46). 

The antispasmodic effects of the oral 
drugs baclofen and tizanidine are 
employed to treat muscle spasms (15). 
Botulinum toxin type A inj ect ion (BTX­
A) is used to relieve muscle spasticity 
(47). Muscle cramps can be rel ieved by 
gabapentin and carbameza pine (48,49) 

Breathing Support 

Non-Invasive Ventilation 
The main treatment for respiratory 
depression in ALS is non-invasive 
ventilation (N IV) and this was the first 
treatment for ALS which was shown to 
improve Qol and survival (35,15). NIV 
has been found to extend survival 
longer than riluzole and greatly 
improves QoL (50). 

Invasive Ventilation 

In advanced ALS, NIV becom es 
insufficient and invasive ventilat ion 
becomes another option(35). Invasive 
ventilation is inserted past the upper 
airways by means of a tracheostomy. A 
tube is then inserted and connected to 
a ventilator (51). 

Palliative Care 

Palliative care does not treat the 
underlying disease but rather, 
attempts to ease symptoms and 
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increase Qol. This type of care should 
begin soon after a patient is diagnosed 
with ALS(S2). Discussing end-of-life 
options with ALS patients allows them 
time to decide on their preferences 
and prevents unwanted interventions 
later on, especially when 
communication becomes more 
difficult (53,15).The median survival for 
ALS is slightly less than 3 years from 
onset of symptoms (54). Most deat hs in 
patients with ALS are generally due to 
respi ratory failure or pneumonia (6). 

Conclusion: The Future of ALS 
Research 

The aetiology of ALS has still not been 
fully defined and options for treatment 
are limited (55).This is so because it is 
difficult to design treatments without 
knowing the exact pathophysiology of 
the disease (56). A greater 
understanding of the genes and 
biology involved in the 
pathophysiology of ALS is highly 
desirable (55). 
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Abstract 

Bloom Syndrome: 
an example of ho~ 
genomic instability 
leads to cancer 

Bloom Syndrome {BS} is an autosomal recessive d isorder whose phenotype consists 
of short height, a facial erythem atous rash, UV sensitivity, microcephaly, and a narrow 
face. Cases have been documented all over t he world but seem to be prevalent in 
individuals of Ashkenazic Jewish d escent . The underlying cause of this condit ion is a 
mutation in the BLM gene on chromosome 15, which codes for the helicase enzyme, 
BLM. This protein is involved in DNA repair and acts with p53 to init iate apoptosis. 
Molecular analyses reveal several chromosomal breaks and sister chromatid 
exchanges that are around 10 times more frequent than in normal cells. These 
observations are thought to be a result of an alternative pathway which tries to 
resolve stalled replication forks during the process of DNA replication, hence sparing 
the cells from apoptosis. This primitive evolutionary survival mechanism allows some 
BS cells to survive, but at the price of an increased incidence of malignancies. 

List of Abbreviations 

BS Bloom Syndrome 

GH Growth Hormone 

IGFl Insulin-I ike Growt h Factor 1 

SCE Sister Chromatid Exchange 

SOS Standard Deviation Score 

SGA Small for Gestational Age 

RTS Rothmund-Thomson Syndrome 

ws Werner Syndrome 
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Introduction 

Bloom syndrome (BS) is a rare 
autosomal recessive disorder that was 
first identified in 1954 by Dr David 
Bloom (1). One of the most notable 
features of BS is the short stature of 
affected individuals that persists 
throughout their lifetime. Infants are 
small for their gestational age (SCA) 
and even though the post-natal growth 
rate increases steadily, the overall size 
of the chi ld is sti ll significantly below 
that of its peers. However, other 
developmental milestones, including 
walking and talking, were recorded at 
similar ages to their unaffected peers. 
Another characteristic feature of BS is 
an erythematous rash along the 
butterfly region of the face (cheeks and 
nose) that is commonly seen in infancy 
but can appear later in life (figures 1 & 

2). Individuals with BS also have an 
increased sensitivity to sunlight, which 
may turn an already present rash into a 
chronic lesion. Additionally, the head 
circumference is smaller than usual I 
the face is narrow, and patients have a 
shrill voice. Apart from their physical 
appearance, BS patients a lso have a 
higher predisposition to certain 
diseases, chiefly chronic lung disease, 
diabetes mellitus, thyroid imbalances 
and over 100 types of cancer (2-4). 

The roots of this disorder can be traced 
to the BLM gene on chromosome 15 at 
the locus 15q26.l. BLM is a protein that 
belongs to the RecQ family of helicases. 
DNA helicases are enzymes that 
unwind DNA during the process of 
DNA replication. 
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A loss-of-function mutation in both 
BLM alleles renders the individual 
homozygous recessive for BS (Ellis et 
al., 1995). Defects in the RecQ helicase 
family can give rise to a group of 
autosomal recessive disorders, namely 
BS, Werner's Syndrome (WS), 
Rothmund-Thomson Syndrome (RTS). 
These syndromes are characterised by 
genetic instability and hence, the risk 
of developing malignancies is greatly 
increased (5). 

Figure 1: Common features of 
Bloom Syndrome 



Figure 2: Child with Bloom Syndrome 
showing the characteristic facia l 
erythematous rash 

2. Epidemiology 

Mutations in the BLM gene are 
prevalent in people of Ashkenazic 
Jewish descent (2). A genetic analysis of 
1491 individuals of Ashkenazi Jewish 
descent with no known history of BS 
revealed that l in 107 individuals were 
carriers of the BLMAsh mutation. This is 
comparable to other conditions 
affecting Ashkenazic Jews such as 
Niemann-Pick disease (1 in 80 carrier 
frequency) and Fanconi Anaemia Type 
C (l in 90 carrier frequency} and could 
lead to the inclusion of BS in screening 
programmes for these individuals (6). 
As of 2009, 26% of affected individuals 
known to the BS Registry are of Jewish 
descent, while the rest are non-Jewish 
(7). 

3. Incidence and Types of 

Neoplasms in BS Patients 
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Individuals with BS tend to develop 
some form of neoplasia at an early age 
when compared to unaffected 
individuals of the same age group. In 
fact, it is not uncommon for children 
with unexplained short height and who 
develop rare cancers at an early age to 
be screened for BS. As of 1996, 100 
different types of neoplasms were 
recorded in 71 out of 168 individuals in 
the Bloom Syndrome Registry. Th is 
contrasts to other syndromes t hat 
usually have a predilection for a small 
group of neoplasms. Interest ingly, a 
pattern of neoplasms can be observed 
throughout the patients' lifetime. 
Leukaemias and lymphomas are the 
most common malignancies of 
childhood. Conversely, solid carcinomas 
are more predominant in adulthood 
and appear at an earlier age than in the 
normal population. Furthermore, 
patients may develop more than one 
primary tumour, with up to five 
primaries being recorded (3). 

4. Molecular Basis of Disease 

4.1. Chromosomal Abnormalities in BS 
Cells 

Microscopic chromosomal analysis of 
BS cells reveals increased sister 
chromatid exchanges (SCEs) during the 
S-phase of the cell cycle. Sites of 
increased chromosomal exchange give 
rise to gaps and breaks in the 
chromosome, hence classifying BS as a 
chromosomal breakage syndrome. 



The basis of diagnosing BS using 
cytogenetic analysis is a frequency of 
SCEs which is 10 times greater than in 
the normal population (8). 

4 .2. Proposed Roles of BML and 
other RecQ Helicases 

The RecQ helicases unwind DNA in a 3' 
t o 5' direct ion and require en ergy in t he 
form of ATP. Moreover, they are t he only 
known group of enzymes that can 
u nwind G-quadruplex DNA. Th is is a 
h ighly stable structure which is formed 
by several planar guanine t etrads (G4) 
stacked on top of each other. 
Replication or recombination events 
occurring before mitosis could expose 
G-rich regions of DNA, thus allowing for 
the formation of highly stable G-tetrads 
instead of the usual Watson-Crick base 
pairs. In a normal cell, functional BLM 
can dissolve the tetrad, thereby 
allowing replication to continue. 
However, mutant RecQ enzymes are 
unable to unwind G-quadruplexes in 
DNA, which can halt the replication 
process and produce stal led 
recombinat ion intermediates (9). 

Add itionally, BLM acts in association 
with human topoisomerase isozyme 
topo Illa. It is thought that RecQ and 
topo Illa act together during DNA 
recombination to stop unsuitable 
strands of DNA from participating in 
recombination events. The duo can 
potentially unwind the improper 
recombination intermed iate and 
restore the original DNA strands (10). 
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4.3. BLM and Apoptosis 

Several experiments done in vitro have 
shown that BS cells are unable to 
perform apoptosis properly. A study by 
Wang et al. found that BS fibroblasts 
show ineffective apoptosis mediated by 
p53. Interestingly, the introduction of 
p53 into BS fibroblasts did not improve 
t he initiation of apoptosis. In contrast, 
t he re-introduction of the functional 
BLM protein returns the sensitivity of 
t hese cells to apoptotic agents. This 
h ints that p53 interacts with a 
functional BLM protein to m1t1at e 
apoptosis. In fact, several DNA helicases, 
including BLM and WRN, were found to 
bind at the C-terminus of the p53 
protein (11). A direct interaction 
between BLM and p53 may occur in 
nuclear bodies (NBs), as NBs are known 
to be involved in the regulation of 
apoptotic pathways. Experiments have 
shown that mutant SLM proteins were 
unable to congregate in NBs and hence 
disrupted p53-mediated apoptosis (11-

13). 

An experiment by Chester et al. 
demonstrated that BLM knockout 
mouse embryonic fibroblasts show a 
large burst of apoptosis early on in 
development, which gradually 
decreases with time. This could expla in 
why individuals with BS experience a 
developmental delay when compared 
to their unaffected peers (14). 



The surviving BS cells are thought to 
escape apoptosis by a primitive SOS­
type mechanism (figure 3). In normal 
cells, it is common for replication forks 
to stall during DNA replication as they 
encounter a section of DNA damage. 
This "pause" in the replication process 
can be rectified with the aid of RecQ 
helicases, such as SLM in humans, and 
RecC helicase in bacteria. These 
proteins can recognise D-loops which 
form at sta lled replication forks and 
resume the repl icat ion process by 
rectifying the error, without t he need 
for chromosomal DNA breaks. If the 
required helicases are mutated and are 
unable to repair stalled replication 
forks, additional pathways may take 
over to allow the cell to escape 
apoptosis. This is the basis of the SOS­
hypothesis and can be seen in primitive 
organisms like bacteria. This process 
involves creating chromosomal DNA 
breaks and the subsequent formation 
of D-loops. In the functional absence of 
certain helicases, the replication fork is 
restored through crossing over and 
genetic recombination. Th is 
mechanism explains why the BS cells 
that escaped apoptosis show increased 
chromosome breakages and hyper­
recombination (15). The newly formed 
hyper-recombinant DNA shows a 
greater risk of unmasking recessive 
genes that can potentially cause harm, 
such as oncogenes. This can be 
achieved by either of the two 
mechanisms. In a heterozygous 
individual, a deletion of the dominant 
allele which is not replaced will resu lt in 
hemizygosity for the recessive allele. 
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If the deleted dominant allele is 
replaced by a recessive one, the 
individual is rendered homozygous 
recessive (16). 

Muunt llLM helia5e 
81COU'1ters S«t1on of 

ONAdama1e 

Restor.ition of sul ed 
repllc;iaon fork throuah 

chromosomal breiks and 
1enetlc recomblniUon 

I 

ApoptOStS 

Rak of unmaskln1 hirmf ul 
recessNe cene-s (e II· 

onco1enes) 

Figure 3: Flowchart showing molecular 
basis of BS pathogenesis 

5. Other Complications 

Many conditions can lead t o children 
born SCA. While growth hormone (CH) 
is a popular treatment option, it is not 
advisable in BS and other chromosomal 
breakage syndromes. This is because 
BS patients are at an increased risk of 
developing neoplasms and GH 
treatment would encourage existing 
neoplasms to proliferate further. Hence, 
this poses a challenge for physiciains 
treating SCA children whose disease 
aetiology is unknown. If an SCA child on 
CH treatment shows insulin-like growth 
factor 1 {IGF-1) levels above 2.5 Standard 
Deviation Score (SOS) and is showing 
little growth progress, one should 
consider checking for a mutation in the 
ICFlR gene. 



This is because such mutations can 
render the individual insensitive to IGF-
1. If no such mutations are present, BS 
and similar genetic conditions should 
be considered, especia lly if the parents 
of the individual are closely related (4). 

As of yet, there is no cure for BS and 
symptomatic treatment must be 
tailored to the individual to avoid 
exacerbation of the condition. For 
example, chemotherapy is given at 
much lower doses than unaffected 
individuals and radiotherapy is avoided 
altogether. This is because BS cells lack 
appropriate DNA repair mechanisms, 
therefore DNA damage may lead to a 
more aggressive cancer or additional 
primary tumours (17). 

6. Conclusion 

Given these points, BS seems to be the 
result of evolutionary mechanisms that 
spare defective cells from death, 
resulting in various complications such 
as cancer, skin lesions, small size, and 
endocrine abnormalities (15). BS may be 
considered in screening programmes 
for populations at risk and should be 
considered as a potential diagnosis if 
SGA children not responding to GH 
treatment do not have an IGFlR 
mutation (4,6). Furthermore, a 
collaborative effort between medics, 
scientists and pharmaceutical 
companies is needed to raise awareness 
of rare diseases and to improve 
understanding of the underlying 
disease mechanisms with the hope of 
finding potential cures. 
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For this to take place, there needs t o be 
strong patient participation, biobanking 
systems and curated rare disease 
databases (17). 
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Spinocerebellar 
Ataxia Type 2 and its 
Association with 
Amyotrophic Lateral 
Sclerosis 

Abstract 

All the neurodegenerat ive diseases seem to have a few common patt erns. Recent 
studies have d iscovered sim i larities between Amyotrophic Lateral Sclerosis (ALS) and 
a sub-type of the Spinocerebellar Ataxia (SCA) d iseases. SCA is charact erised by 
different sub-types; the sub-type Spinocerebel lar Ataxia Type 2 (SCA2) is particu larly 
related to ALS. Similarities in both diseases with other types of neurodegenerative 
diseases make it difficult to diagnose at onset and hence symptomatic treatment, not 
cure, is usually started later on in the progr,ession of the disease. 

In this article, a brief description of both diseases and an overview of the genetics of 
the individual diseases are outlined. In particular, reference is made to studies which 
have shown that the pathological number of CAG trinucleotide repeat-expansions in 
the ATXN2 gene are causative of SCA2 or even ALS. 

Amyotrophic Lateral Sclerosis 

ALS involves progressive motor neuron 
loss in the spinal cord and in the brain, 
affecting both lower motor neuro ns 
(LMNs) and upper motor neurons 
(UM Ns). It is a neurodegenerative 
syndrome and not a neuromuscular 
disease, sharing pathobiological 
characteristics with frontotemporal 
dementia (FTD) (Van Es et al., 2017). ALS 
is a fatal type of motor neuron disorder 
(Zarei et al., 2015). Symptoms usually 
emerge in patients aged between 50 
and 65 (Logroscino et al., 2009), 
however, young-onset ALS has been 
diagnosed and observed clinically 
(Artemiadis et al., 2016). 
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ALS can be divided into two forms: 
• Familial ALS (FALS); 
• Sporad ic ALS (SALS). 

The sporadic form is the most common 
form. 90%-95% of all cases reported are 
of the sporadic type. The sporadic form 
has no evident genetically acquired 
component. 
The other type, FALS, represents the rest 
of the 5%-10% of cases (Ticozzi et al., 
2011). The latter have a genetically 
dominant inheritance factor with 30 or 
more affected genes (Renton et al., 
2013). 



To date no one has developed a cure for 
ALS. Patients suffering from ALS more 
often than not, complain of fatigue, 
which may eventually cause distress 
and impair quality of life (QoL) (Gibbons 
et al., 2018). 

Slowing down disease progression is the 
current aim of clinical trials. This is done 
by testing those drugs that work on the 
processes that come about after the 
onset of the disease. Current novel 
t herapies that are in t r ial include 
(Gordon, 2011): 

• Vaccine therapies; 
• Injections of stem cells; 
• Neuroprotective agents with 

different acting mechanisms; and 
• Diaphragmatic pacing. 

ALS patients have an approximate life 
expectancy of 3 years following onset of 
symptoms. In approximately 5% of 
patients, however, there is a range of 
survival between a few months and ten 
years or longer (Gordon, 2011). At the 
last stages of life the only available 
comfort to patients is pa ll iative care. 

Spinocerebellar Ataxia 

SCAs are a subgroup of a group of 
autosomal dominant cerebellar ataxias 
which are hereditary. Ataxias and SCAs 
share the same clinical features. 
Cerebellar ataxias are the progressive 
type of neu rodegenerative diseases 
affecting primarily the cerebellum with 
progressive degeneration but also 
affecting other regions which are 
connected, including the brainstem. 
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CAG repeat expansions coding for 
polyglutamine are observed in many 
SCAs suggesting that the disease 
involves the polyglutamine protein 
(polyQ), which is the toxic type (Sullivan 
et al., 2018). 

The disease is mostly adult onset 
(Klockgeth er et al., 2019). In particular, 
SCA type 2 is caused by CAG nucleotide 
repeat expansions in the gene ATXN2, 
which codes for the ataxin-2 protein. 
Patients with this disease present with 
slow saccades and progressive ataxia 
(Scoles & Pulst, 2018). 

To date no treatment to stop or slow 
SCAs has been found, many of which 
terminate in premature death. Patients 
suffering from SCA receive clinical care 
which manages the disease's 
symptoms. 

Genetics of ALS 

In approximately 60% to 80% of FALS 
patients, mutations of genes of grand 
effect are identified, in particu lar, 
mutations in the below tabulated genes 
(Renton et al., 2013): 



Genes: Percentage of patients: 

Chromosome 9 open reading frame 72 
40% 

(C9orf72) 

Superoxide dismutase 1 (SOD1) 20% 

Fused in Sarcoma (FUS) 1.5% 

TARDBP-43 (Trans-active response DNA-
1.5% 

binding protein 43 [TDP-43]) 

Table 1: Patient Percentages of Gene Mutations in FALS. Most patients 
(40%) with FALS present with a gene mutation in C9orf72. Second most 
common mutation (20%) is in the SODl gene, fol lowed by roughly equal 
lesser presentations (1.5%) of FUS and TDP-43 gene mutations. 

The inheritance in FALS patients follows 
a Mendelian genetic pattern and is 
autosomal dominant (He et al., 2014). 
The C9orf72 gene mutation in FALS is 
referred to as a hexanucleotide repeat 
expansion (HRE). This mutation causes 
degeneration of neurons in 3 ways 
(Brown & Al -Chalabi, 2017; Balendra & 
Isaacs, 2018): 

• Loss of function; 
• Ribonucleic acid (RNA) toxicity -

which leads to toxic gain of function; 
and 

• Dipeptide repeat proteins (DRPs) -
which also lead to toxic gain of 
function. 

Mutations in the SODl gene cause cell 
cytotoxicity. It primarily affects RNA and 
deoxyribonucleic acid (DNA) 
metabolism. 
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Adenosine triphosphate (ATP) 
production and free calcium release in 
the mitochondria are also impacted. 
Astrocytes and microglia that are 
associated with motor neurons are also 
impaired and hence cause progression 
of the ALS disease. This disease 
progression is caused because of the 
astrocyte cel ls' reduced uptake of 
g lutamate resulting in t he 
accumulation of glutamate - which is 
toxic to the motor neurons (Pasinel li & 
Brown, 2006). 

Both FUS and TDP-43 are genes which 
are responsible for gene regulation and 
gene expression. In particular, RNA 
splicing, transcription, translation, 
transport and the processing of 
regulatory RNA (Kiernan et al., 2011). 



Genetics of SCA2 

SCAs are genetically grouped according 
to repeat expansions. In most SCAs, 
damage is caused to the Purkinje 
neurons in the cerebellum which results 
in atrophy of the cerebellum. The 
damage is not only limited to the 
cerebellum, however, damage may also 
be caused t o the brainstem pontine 
nuclei, basal ganglia and the spinal cord 
(Klockgether et al., 2019). 

In part icular, SCA2 disease is caused by 
a t rinucleot ide CAG expansion of 31 or 
more repeats in the gene that codes for 
the ataxin-2 protein, i.e. ATXN2. The 
trinucleotide repetitive sequence of 
( CAG)8(CAA)l (CAG)4(CAA)l (CAG)8 found 
in the amino-terminus of the gene 
codes for repetitive glutamine residues. 
CAA trinucleotides also code for 
glutamine, however, their presence in 
the repetitive sequence allows for 
stability of the expansion and has an 
effect on the secondary structure of 
RNA (Sobczak & Krzyzosiak, 2005). These 
observations are said to possibly 
contribute to the disease's phenotypic 
variability (Antenora et al., 2017). 

Ataxin-2 in ALS and SCA 

The ataxin-2 protein is expressed in 
normal human brain, in particular, in the 
midbrain, trochlear neurons, Purkinje 
neurons and large neurons found in the 
substantia nigra. Wild-type protein 
ataxin-2 is limited to the cytoplasm, but 
it can also be found in the endoplasmic 

25 

reticulum and Golgi apparatus (van de 
Loo et al., 2009). The pattern of ataxin-2 
expression was the same both in the 
brains of SCA2 patients and in 
unaffected individuals (Antenora et al., 
2017). 

The exact function of ataxin-2 is still not 
known. A study conducted on mice 
deficient of ataxin-2 showed that they 
remained viable and only gained weight 
when fed on a fat-enhanced diet 

' 
indicat ing that its function in 
development is not essential (Kieh l et al., 
2006). Other studies showed evidence 
that it is involved in the regulation of the 
amount of calcium released from 
endoplasmic reticula, involved in RNA 
processing and also in stress granules 
assembly as well as epidermal growth 
factor receptor (EGFR) endocytic 
trafficking (Antenora et al., 2017). 

Alleles are said to be 'normal' if they 
have CAG repeats in the ATXN2 gene 
which amount to 31 or even lower. SCA2 
is seen in patients with an expansion of 
CAG repeats in the ataxin-2 gene. A CAG 
repeat expansion in the ATXN2 gene 
greater t han or equal to 34 is causative 
of SCA2 (Pulst et al., 1996). 

Elden et al., (2010) suggested that 29 to 
34 repeat expansions of the 
trinucleotide CAG repeats at the ATXN2 
polyQ locus present a risk factor for ALS. 
This type of ATXN2-associated ALS IS 

referred to as classic ALS because it 
presents with a number of UMN and 



LMN signs. In this particular type of ALS 
it is reported that in the cerebellar 
vermis there is remarked loss of 
Purkinje cerebellar cells which is not 
present in other forms of ALS (Tan et al., 

2016). 

This link is in line with the study that 
many risk genes in ALS, in particular 
TDP-43 are involved in RNA metabolism 
hence further enhancing the observed 
link between the p roteins ataxin-2 and 
TDP-43. TDP-43, like ataxin-2, is involved 
in certain RNA processes especially in 
RNA stability, alternative splicing and 
transcription all of which are associated 
with RNA metabolism (Paulson et al., 
2017). 

In a study using a yeast screen, the 
Pablp-binding protein (PBPl), which is a 
yeast homologue of ataxin-2, is shown 
to increase toxicity which is TDP-43 
mediated. This increase in TDP-43 
toxicity was also related to the ATX-2 
Drosophila homolog of ataxin-2. This 
concludes that the association between 
ataxin-2 and TDP-43 is RNA-dependent 
in both mammalian and yeast cells 
(E lden et al., 2010). It was also observed 
that ataxin-2, like TDP-43 is mis­
localised to t he cytoplasm in motor 
neurons of ALS patients giving it a toxic 
gain-of-function. The trinucleotide CAG 
intermediate-length repeat expansions 
were observed to be less frequent in 
normal individuals as opposed to ALS 
patient s (Van Damme et al., 2011). Th is 
concludes t hat t he polyQ length in t he 
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ATXN2 gene (wild-type as well) affects 
the function in RNA metabolism, 
involving both ataxin-2 and TDP-43 
(Paulson et al., 2017). 

Community Care and Patient W e ll 
Being 

In Malta, 'Dar Bjorn' is a nursing home 
for patients suffering from ALS and 
other neurological conditions. Ever since 
its setting up in November 2017, it has 
provided cont inuous a id and care for 
the residents of the nursing home. 

It has helped in improving the Qol of 
patients suffering from neurological 
conditions, many of whom would not 
have had the same level of comfort from 
home. 

Conclusion 

Studies are being done on famil ies to 
see if there are any families w ith 
coexisting ALS and SCA2. A study done 
by Tazen et al., (2013) showed how two 
members of the same family, a paternal 
uncle and his niece, were diagnosed 
with ALS and SCA2 respectively, both 
having the full CAG trinucleotide repeat 
expansion . Their fami ly pedigree is 
shown in Figure 1. This study showed 
that the mutation in the ATXN2 gene 
can present with different phenotypes 
in the same family, hence strongly 
suggesting that genetic tests to check 
for polyQ repeat expansions in the 
ATXN2 gene should be done in patients 
suffering from ataxia and coming from 
an ALS family h istory. 



Ataxia: 
Onset in SOs 
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Figure 1: 

ALS CAG repeat Of 
39/22 lnATXNl 
Onset at ~ge 62 y 
Death at aoe 64 y 

'SCA2: CAG repeat 
of 40/22 lnATXN2 
onset at age 36 y 

/Deceased 
• Affected ALS 
O Unaffected 
OAtaxfa 
OUnaffected 
...-Proband 

Family Pedigree (Tazen et al., 2013). The proband - female with SCA2 with 
an unaffected mother and a deceased unaffected father, having CAG 
repeat expansions in ATXN2. The paternal deceased uncle had ALS with 
the same trinucleotide repeat expansion as the proband but with different 
lengths. 
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Neonatal 
Hypoglycaemia: 
A Review 

Introduction 

The brain accounts for 20-25% of the tota l body glucose metabolism (1).(2). The brain is 
dependent on a continuous supply of g lucose transported by the blood, since t he 
endogenous levels of glucose in t he brain are not sufficient (3),(4). When the 
metabolic demand supersedes the avai labi lity of g lucose, hypoglycemia ensues, 
which leads to neuronal inj ury and ultimately may even result in hypoglycaemic 
coma and death (5). Maintaining a plasma glucose level of 4-6mmol/L is essential for 
human survival, especially when concerning the brain. Hypoglycemia is achieved 
when these values decrease to 3mmol/I or lower (6,7). Moreover, the most common 
metabolic problem in the newborn is neonatal hypoglycaemia, occurring in 19% of 
neonates (8-12). 

Neonatal Hypoglycaemia 

Neonatal hypoglycaemia may be 
classified into two categories. The most 
common type is short-term transient 
hypoglycemia, which occurs 
approximately 1-12 hours after delivery. It 
usual ly presents as the incapability t o 
maintain normal blood glucose levels 
during the transition from intrauterine 
to extrauterine life. (13) At birt h, t he 
glucose concentration of the neonate is 
approximately 70% of that of the 
mother. After an hour, the neonatal 
glucose levels fall abruptly to an all-time 
low at around 1.11-1.39mmol/I. (14) This 
fall is usually seen in healthy neonates, 
as these low levels are considered to be 
temporary. 
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Moreover, they should start to rise in the 
first few hours and days after delivery. 

This is an expected adjustment of 
postnatal life so as to maintain g lucose 
homeostasis. (14-16) The abrupt fall in 
g lucose is essential to promote t he 
p roduction of g lucose through the 
p rocesses of g lycogenolysis and 
g luconeogenesis. In addition, t h is also 
stimulates appetite in the neonate 
helping in the adaptation of the feeding 
cycles. (17) 

On the other hand, the rarer type of 
hypoglycaemia is known as persistent 
hypoglycemia, which is harder to treat. 
This results in recurrent low blood 



glucose and hence requmng high 
glucose transfusion rates. 

Moreover, it is commonly found in 
patients having disorders of hormone 
excess such as hyperinsulin ism which 
causes an excessive production of 
insulin. It may also be caused by a lack 
of g lycogen stores, inefficient glucose 
production and also the inabi lity to 
synthesize g lucose. (13) 

Causes of Neonatal 
Hypoglycaemia 

The mechanism of transient 
hypoglycaemia is still not fully 
understood, however, some cases may 
be due to mutations in genes that 
modulate 13-cells' secretion of insulin. 
This is usually referred to as monogenic 
congenital hyperinsulinism, which gives 
rise to hypoglycemia. (18,19) In fact, in 
severe and persistent hyperinsul inaemic 
hypoglycaemia, over half of the patients 
have a known underlying g enet ic basis 
which demonstrat es dysregu lation of 
insulin secretion. (20-23) 

Preterm babies and neonates which 
experience intrauterine growth 
restriction have decreased glycogen 
stores and overall adipose tissues. Since 
they typically tend to be smaller and 
have a lower birth weight (lower than 
lOOOg). they have a comparatively larger 
brain size which has high metabolic 
demands. Moreover, it is found that 
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preterm infants tend to have low 
enzymes which are utilized in 
gluconeogenesis. (24) Hence, overall 
they are incapable of producing enough 
amounts of endogenous glucose which 
as a result puts them at higher risk of 
hypoglycemia. 

Diabetic mothers and la rger infants are 
at risk of experiencing foeta l 
hyperinsulin ism and a higher level o f 
util ization of peripheral g lucose which is 
w hat puts them at risk of hypoglycem ia. 
Th is occurs due to the fact that when in 
utero, the maternal glucose 
concentration levels greatly impact that 
of the foetus since glucose is transferred 
directly from the mother via t h e 
placenta. Hence, if there is a prolonged 
elevation in the maternal glucose, the 
fetus will experience hyperglycemia and 
overstimulation of the pancreas to 
produce higher insulin levels. High fetal 
insulin levels tend to linger after birth 
and since the neonate no longer can 
depend on the sustained source of 
glucose from the mother, their b lood 
glucose concentration wi ll decl in e 
significantly due to the abnorm ally 
rapid rate of uti lization of glucose. (24) 

In the case of infant s undergoing 
perinatal stress such as: perinatal 
ischemia, maternal eclampsia I 
preeclampsia, sepsis, hypothermia and 
congenital heart disease there is an 
increase in the metabolic utilization of 
glucose, hence contributing to a state 
called hypoglycaemic hyperinsulinism. 
(24-27) 



Compl ications 

Prolonged b lood g lucose levels lower 
than 2.2mmol/L may be potentially 
neuroglycopenic. (13) Moreover, this 
condit ion could result in cerebra l injury 
including; cerebral cortical atrophy, 
parenchymal hemorrhage, white matter 
injury and ischemic stroke. (28-33) 
Additionally it may also result in various 
adverse neurologic outcomes such as 
cerebral palsy, blindness, epilepsy and 
intellectual disability. (28,32,34-40) 
Infants suffering from persistent 
hyperinsulinemic hypoglycaemia 
develop severe neural damage, since it 
is believed that isolated hypoglycaemia 
without any other contributing factors 
enhances hypoxic-ischaemic brain 
injury. Hence, treatment to aid the 
maintenance of glucose in the brain is 
detrimental. (36,41) 

Despit e the reason being unclear, it 
shows that during neonatal 
hypoglycemia, there is often occipital 
and parieta l lob e involvement. (28,30,42) 
Some authors have said that the main 
reason could be due to having a higher 
demand for glucose to be utilised for 
extensive growth of axons. On the other 
hand, it was also suggested that th is 
could be attributed to the excitatory 
neurotransmitters which are found in 
various areas of the brain. (30,40,42) 
Apart from these regions the corpus 
callosum, corticospinal tracts, deep gray 
nuclei and t he remaining cerebra l 
hemisphere may also be affected by 
hypoglycaemia. (28,30,42,43) 
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Prevention 

There are various strategies for 
preventing neonatal hypoglycaemia. 
Firstly, high-risk infants are screened so 
that immediate care may be provided. 
Furt hermore, it is of utmost importance 
to identify the cause of hypoglycaemia 
and to make sure it is transient and not 
persistent . Currently, one of the 
preventive measures used for infants 
who are at risk is regula r milk feedings 
using breast milk or formula milk. 
Glucose water feedings are no longer 
administered, as this method is unable 
to support gluconeogenesis due to the 
fact that it does not provide the neonate 
w ith carbohydrate, fat and protein as 
opposed to milk feedings. (44-46) 

Conclusion 

Despite all the research done on 
neonatal hypoglycaemia, the ideal 
treatment strategy is still riddled with 
uncertainty, especially when 
considering neonates which p resent 
with asymptomatic hypoglycemia. 
There are various recommendations 
from differrent o rganizat ions with the 
role of helping clinicians deal with 
neonates born with low glucose levels. 
The American Academy of Paediatrics 
guidelines address the first 24-28hrs 
while the Pediatric Endocrine Society 
recommendations aid t o differentiate 
between physiological low levels of 
glucose from those that persist beyond 
48hrs of life. (13,25) The variance in 
expert opinions reflects the need for 
more research on this area of study. 
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Introduction 

The 
Pathophysiology 
of Hydrops 
Feta I is 

Hydrops fetalis (HF) is a condition that develops during foetal life. It is defined as the 
abnormal accumulation of fl u id in at least two serous cavities and/or within t he soft 
tissues of the foetus. This includes ascites, pericardia! effusion, skin oedema and 
p leura l effusion (1,2). 

Studies have shown that the current incidence of HF is 1.80per1,000 total births with 
a mortality rate as high as 50% to this day, despite the advancements made in foetal 
inteNention and neonatal care (3-5) 

There are two main causes of HF, immune and non-immune. The immune cause of 
HF was previously the major cause of HF, however, due to the introduction of 
preventative medicine, there has been a marked reduction of cases in the western 
world, which have now been surpassed by the non-immune causes (6),(7,8). 

Immune causes are due to antigen-antibody incompatibility of the mother and the 
developing foetus, leading to maternal immunological response to the paternally 
inherited antigens of the foetus (9). Non-immune causes include cardiovascular 
disorders, lymphatic dysplasias, haematological abnormalities, chromosomal 
imbalances, infections, conditions during pregnancy, metabolic disorders, tumours, 
and idiopathic ones. The pat hophysiology leading to non-immune hydrops fetalis 
(NIHF) hence, depends on the cause. 

List of Abbreviations 

cGMP 

HF 

IHF 

NIHF 

RBCs 
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Cyclic guanosine monophosphate 

Hydrops Fetalis 

Immune hydrops fetalis 

Non-immune hydrops fetalis 

Red Blood Cells 



Transport of Foetal Fluids 

The foetus has a high risk of fluid 
accumulation due to the physiology of 
the microcirculatory and lymphatic 
system during development (10). Both 
the capillary filtration coefficient and 
reflection coefficient, as in the Starling 
Principle, imply that the endothelium is 
an important structure in determining 
the net movement of fluid between the 
different compartments (10). Damage 
to the glycocalyx makes the capillary 
endothelium more permeable (11,12). In 
such a case, due to a smaller driving 
force, water retains in interstitial space 
resulting in NIHF. Presence of high 
glucose level brings an increase in 
metabolic rate, which without rising 
levels of oxygen results in foetal hypoxia, 
acidosis, as well as, severe accumulation 
of fluid (11). 

Lymphatic Return 

The lymphatic system regulates the 
return of solutes and extracellular fluid 
to the circulation, and functions in 
immune cell trafficking (13). This can 
occur after the sixth embryonic week, 
once lymphangiogenesis has taken 
p lace (14). The rate of fluid extravasation 
and lymphatic return must be 
approximately equal, otherwise, a 
decline in lymphatic return leaves foetal 
oedema due to interstitial space 
expansion, and eventually hydrops 
(11,15). HF can also develop in cases of 
drastic reduction in lymphat ic flow due 
to rise in foetal venous pressure (11). 
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Foetal Transmission to 
Amniotic Fluid 

Amniotic fluid is the product of foetal 
skin transudation made approximately 
from the tenth to the twentieth week, 
such that its composition is similar to 
that of the foetal extracellular fluid (11,16). 
During this time, keratinisation of foetal 
membranes has not yet occurred hence, 
water and solute transport can occur by 
diffusion. The syncytiotrophoblast and 
the placental villi conta in aquaporin 4, 
contributing to water transport into the 
amniotic sac too (17). NIHF can 
therefore also develop from the 
incorrect function of these aquaporins 
(11 ). 

In the second half of pregnancy, 
amniotic fluid is synthesised by the 
lungs and urine of the foetus (11),(16). 

Placental or renal malfunctions 
therefore, likely change the fluid 
balance of the foetus and cause NIHF 
(11). 

lsoimmunisation 

lsoimmunisation is the p1rocess whereby 
antibodies form against antigens which 
are incompatible with those of another 
individual (7,8). This process may lead to 
the development of IHF, previously the 
major cause of HF, however, due to 
advancements in preventative 
medicine, this has been narrowed down 
to less than 10% of all HF etiologies (5), 
(6),(7,8). 



The most common form is that of Rh 
incompatibility which occurs when the 
blood of negative Rh mothers is 
exposed to the positive Rh factor 
present in the developing foetus who 
would have inherited the positive Rh 
factor from the father (7,8),(18). 

Rhesus factor is an ant igen, which is a 
protein found on t he cell surface 
membrane of red blood cells (RBCs). It is 
essential to determine whet her the 
father is homozygous or heterozygous 
for the antigen to analyse t he risk t he 
foetus has in developing the haemolytic 
disease of the foetus (7,9,18)). Being that 
the inheritance of the positive factor is 
dominant, although the mother is 
negative for the antigen, the offspring 
could inherit the factor from the 
heterozygous or homozygous father 
(7,9,18). 

Destruction of the placental barrier will 
cause fetomaternal haemorrhage which 
allows foeta l blood to enter the 
maternal circu lation (7,9,18)). Once the 
foreign antigens gain entry into the 
maternal circu lation, t hey are able to 
incite the reticu loendothel ial system 
reaction which identifies the foreign 
antigen and presents t he ant igens to 
the humeral immune system. The 
specialised B lymphocytes forming part 
of the humeral system recognises the 
antigen and mounts an immune 
response against these cells by 
synthesising lgM and lgG antibodies 
(7,9,18). 
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The initial response of the maternal 
immune system results in the formation 
of a low level of lgM antibodies. During 
the first pregnancy, the level tends to be 
insignificant and is unlikely to have an 
effect on the foetus as the humoral 
immune system requires time to elicit 
an effective antibody response (7,9). 

The lgM antibodies are themselves too 
large to cross the placental barrie r, 
however, they are able t o form lgG 
antibodies that are smaller and ab le to 
cross (7,9,18). Hence, during t he 
following Rh-D positive pregnancy, d ue 
to re-exposure to the ant igen, the 
primary memory B cells made against 
these antigens will increase the lgG 
antibodies synthesised, the booster 
response. The lgG antibodies will cross 
the placenta by binding to the Fey 
receptors of the syncytiotrophoblasts 
(7,9). The RSC-antibody bound cells are 
trapped within the foet al spleen and 
consequently destroyed by 
macrophages (7,9). 

Endothelial Involvement 

Studies have shown t hat the foetal 
plasma of al loimmunized pregnancies 
would have a decreased amount of 
cyclic guanosine monophosphate 
(cGMP), which is complicated by 
hydrops fetalis. The decrease in cGMP 
leads to damage of the foetal vascular 
endothelial cells, which thus leads to a 
decreased nitric oxide production by t h e 



endothelial cells. This decrease can 
cause severe endothelial cell injury 
which is thought to lead to the 
development of ascites and oedema 
(19). 

Foetal Anaemia 

One of the major complications caused 
by Rh incompatibility is haemolysis. The 
decreased number of RBCs caused by 
haemolysis may result 1n 
hyperbilirubinemia or/and anaemia, 
therefore affecting morbidity and 
mortality (20,21). Ultrasonographically, 
this is noted by hepatosplenomegaly as 
well as pleural effusion, pericardia! 
effusion, ascites, subcutaneous and 
scalp oedema. Furthermore, due to the 
decreased oxygen supply to the cells, 
placentomegaly may result, as a 
compensatory mechanism (7). 

Circulation in the Foetus 

Many of the congenital cardiac 
anomal ies and disorders existing, 
change the f low volume of b lood in t he 
outflow tract and are the leading cause 
of cardiogenic NIHF (11,22). Owing to the 
ductus arteriosus, blood can pass from 
the pulmonary trunk to the aortic 
isthmus. Obstruction to this patent 
blood vessel can occur due to low partial 
pressure of oxygen, local nitric oxide 
production and high prostaglandin 
concentration, all of which reduce its 
patency (11,23). 
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In Due to resultant low oxygen levels of 
blood in the pulmonary circulation, 
pulmonary vessels constrict and 
increase their myogenic tone. This 
enhances the pulmonary vascular 
resistance, preventing rise in pulmonary 
artery pressure and inhibiting increase 
in blood flow at the left atrium (11,22). 

turn, these maintain the foramen ova!e 
patent, such that at diastole, blood flows 
from t he right to the left side of the 
heart, rather than entering the 
pulmonary circulation. Simultaneously, 
abnormal left atrial pressure and a 
narrow foramen ovale decrease blood 
entering the left ventricle (22). Th is 
develops decreased ventricular 
compliance and hence, high end­
diastol ic volume and congestive heart 
failure. A high afterload also results in a 
small cardiac output. Resultant 
increase in pulmonary blood flow 
induces pulmonary lymphoedema, and 
this complicates as hydrothorax and 
NIHF (11). As explained by Starling's 
Principle, raised centra l venous pressure 
also leads t o hydrops due to minimal 
fluid reabsorption (11). 

Development of Foetal 
Hypoxia 

Foetal asphyxia or heart failure 
promotes the retention of fluid resulting 
in polyhydramnios and NIHF. 
Furthermore, angiotensin receptors in 
the umbilical artery epithelium induce 



vasoconstriction, such that the foetus 
retains more water and salt from the 
placenta, causing renal impairment. 
Oliguria and anuria augment hydrops 
(11). 

At early gestation, the ductus venosus is 
still not responsive to catecholamines 
and so, smooth muscle layers of the 
intra-hepatic veins are stimulated to 
vasoconstrict. 

This may result in liver failure due to 
hypoxic damage, such that less albumin 
is synthesised; lowering oncotic 
pressure inside the capillary and 
enhancing NIHF formation (11). Atrial 
natriuretic peptide is also released from 
atrial myocytes when central venous 
pressure is high and ventricular 
distension occurs (24). This lowers blood 
pressure by inducing vasodilation and 
increasing capillary permeability (25). 

Conclusion 

It is evident that there is substantial 
knowledge about the pathophysiology 
of HF. Furthermore, the importance of 
understanding this is essential for the 
advancements in the treatment of the 
condition. Being that the etiologies of 
HF are diverse, this makes finding a 
treatment highly dependent on the 
diagnosis of the cause in a timely 
manner (4). 
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The pathophysiologies of certain 
causes of NIHF are still unknown, thus 
making treating such a condition 
significantly harder. Although 
advancements made have resulted in a 
significant decrease in mortality, 
namely in regards to IHF, HF is still 
notable, and thus, research on this 
front is still highly sought after (4). 
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Introduction 

Irritable Bowel 
Syndrome 
Overview 

Irritable bowel syndrome (IBS) is one of the most common disorders of the 
gastrointestinal tract, affecting around ten to fifteen percent of individuals worldwide, 
and is especially prevalent in the Western World (Raskov, Hans et al., 2016). The 
disorder may manifest in different forms rang ing from mild to severe, but the 
commonest symptoms include frequent occurrences of bloating, abdominal pain 
and altered bowel habits presenting as either constipation (IBS-C), diarrhea (IBS-D) or 
the interchanging of the two (IBS-M) as described by the Rome IV Classification 
(Figure l) . IBS is not a life-threatening condition, however; it is highly uncomfortable 
and painful. In fact, other symptoms may also be common such as lack of sleep and 
depression due to the low qu ality of life associated with the condition (Canavan, C et 
al., 2014). Despite the fact that IBS is a gastrointestinal disorder, it is becoming 
increasingly evident that both the microbiome and the brain play major roles in the 
development and manifestat ion of this condition. 

The gut-brain axis (GBA) is a term used to describe the bidirectional relationship 
between the centra l nervous system and the gastrointestinal tract (Collins, S.M et al., 
2009). This axis describes a crucia l relationship that must be considered in patients 
suffering from many inflammatory bowel disorders and irritable bowel syndrome. 
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Figure 1: (Source- Menees, Stacey et al. 2018) 



The above graph, % Bowel Movement 
(BM) hard or lumpy against % BM loose 
or watery, illustrates the different IBS 
subgroups according to both the Rome 
IV and the Bristol Stool Form Scale. 
Individuals having IBS with loose or 
watery stools >25% of the time have IBS­
D (IBS with d iarrhea) or Bristol Type 6 
and 7 whilst those having IBS with hard 
or lumpy stools >25% of t he time are 
classified as having IBS-C (IBS with 
constipation) or Bristol Type l and 2. 
Individuals having a m ixture of stool 
consistencies are classified as having 
I BS-M (IBS w ith a mixed pattern) or 
Bristol Type land 6. 185-U is a term used 
to group those individuals having a type 
of IBS which is, as of yet, unclassified. 

The role of the 
microbiome and irritable 
bowel syndrome 

There are numerous microorganisms 
inhabiting the human gut, most notably 
in the last part of the small intestine and 
the colon. Bacteria are the most 
predominant microorganisms. However, 
fungi and viruses may be found to a 
lesser extent (Menees, Stacey et al., 
2018). Ninety-three percent of the 
bacterial species are from the phyla 
Bacteroidetes, Actinobacteria, 
Proteobacteria and Firmicutes 
(Turnbaugh, P.J. et al., 2007). It is 
important to note that the microbiome 
is influenced by many factors. 

In fact, several studies have suggested 

41 

that lifestyle factors such as diet, drugs 
and exercise have a critical role in 
influencing the microbiome and its 
composition, more so than genetic 
influences. Moreover, the composition 
of the microbiome is an important 
factor in predicting many conditions 
such as diabetes, obesity, and even IBS 
(Musso. Giovanni et al., 2010). 

Bacteria in the microbiome are crucial 
for health. These bacteria provide t he 
human diet with essentia l amino acids, 
vitamins. and fatty acids as well as 
influence normal gut development and 
function. This is shown by studies 
involving animals that lack gut 
bacteria, which also have reduced gut 
function and motility when compared 
to those animals having a normal 
collection of gut microbiota (Menees, 
Stacey et al., 2018). It is interesting to 
note that under normal circumstances, 
there is immune homeostasis in the 
gut environment that allows bacteria to 
carry out their symbiotic function. 
However, if the intestinal barrier is 
breached by the entry of various 
inflammatory mediators or pathogen ic 
organisms, homeostasis is lost and 
inflammation resu lts (Pedron T., 

Sansonetti P., 2008). The inflammatory 
reaction may result in a dysregulated 
microbiome which may be the linked 
to the pathophysiology of irritable 
bowel syndrome namely due to 
changes occurring in the connections 
of the gut-brain axis (Chong, P.P et al., 
2019). 



The relationship between dysbiosis, lack 
of diversity of gut microbes, and irritable 
bowel syndrome development was 
consolidated by many studies (Carroll 
l.M. et al., 2012). These studies have 
demonstrated that 185 development is 
positively related to factors associated 
with dysbiosis such as low methane 
expiration. This relation is further 
supported by the beneficial effects of 
probiotics on relieving gut in flammation 
and sensitivity and t hus inflammatory 
bowel syndrome (Ohmna L., 5imren M., 
2013). 

185 susceptibility and the 
diet's role in 185 
development 

It should be noted that patients who are 
diagnosed with 185 are, in general, 
divided into two distinct subgroups: 
sporadic and post-infectious. Those 
patients with sporadic 185 are the ones 
who have had long-term 185 symptoms 
with no event correlation, whilst 
patients with post-infectious 185 are 
those who developed 185 symptoms 
after gastroenteritis. The latter make up 
around six to seventeen percent of 
patients suffering from 185 (Longstreth, 
G.F. et al., 2001). Thus, 185 susceptibility 
is highly linked to bowel inflammation 
as explained earlier. This being said, 185 
etiology is not altogether understood. 

However, several studies have indicated 
that the development of this condition 
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may be dependent on the interplay 
between the microbiome, genetics, as 
well as the diet (El 5alhy, Magdy et 
al.,2019). It is for this reason that IBS 
development is thought to be 
multifactorial. 

The diet plays a crucial role in 185 
patients. Patients suffering from IBS 
report that certain food items, such as 
milk products and beans, worsen IBS 
symptoms and therefore the control of 
dietary factors may be a means of 
treatment for IBS patients (El 5a lhy, M. 
et al. 2014). It was found that a diet low 
in fermentable oligo-, di-, mono­
saccharides and polyols (FODMPs) 
improves 185-related symptoms and 
may, by extension, be beneficial to 
patients. However, a low FODMP diet 
seems to have various negative 
repercussions both in the short and 
long-term. Firstly, only around fifty 
percent of I BS patients seem to 
respond to a low FODMP diet and thus 
the diet is less effective than was 
previously thought. Secondly, low 
adherence is not uncommon due to 
the fact that this form of diet is costly, 
and thirdlly, in the long- term a low 
FODMP diet seems to have a negative 
impact on the microbiome itself, which 
may incongruously even worsen IBS 
symptoms (Eswaran, 5.L et al., 2016) The 
National Institute for Health and Care 
Excellence (NICE) proposed an effective 
and less harmful diet for IBS patients, 
which is nowadays the first-line diet 



Vegetables Fruits Others 

Onions, garlic, beans, peas, Watermelon Wheat flour and wheat·based 

artichoke, cabbage products 

Milk and dairy products 

Sweeteners containing fructose 
(for example, corn syrup) 

Sweeteners: sorbitol, menthol, 
xylit ol, isomalt, maltitol, and 
other sweeteners with names 
ending in "ol" 

Carbonated drinks (soft drinks), 
coffee, beer 

Table l; (Source: El Salhy, Magdy et al.,2019) The above table indicates the items of 
food to be avoided by IBS pat ients according to the NICE Irritable Bowel Synd rome 
g u idelines. It includes vegetables, fru its, and numerous other products t hat one 

m ust avoid in order to better cont rol IBS-re lated symptoms. 

indicated for these individuals. The diet 
proposed to these patients entails 
eating regular meals as well as reducing 
the intake of beans, carbonated drinks, 
fatty foods, and others (Table l). 

Conclusion 

As clearly explained above, IBS is a 
condition which affects numerous 
individuals across the world. It 
negatively impacts the patient's quality 
of life and the impact is equal to that 
caused by various ot her chronic 
conditions such as k idney fai lu re and 
d iabetes (Gra lnek, l.M. et al., 2000). 
Despite how common and disabling the 
syndrome is, there are no true effective 
t reatments. In fact, the treatments and 
medications prescribed are ones that 
can only manage the condition by 
alleviating the symptoms. Thus, further 
research and studies are necessary in 
order to work towards a better 
understanding of the etiology behind 
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IBS in order to effectively treat and 
manage patients suffering from this 
syndrome. 
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Repercussions of 
Home Confinement 
during the COVID-19 
Pandemic 

Abstract 

The COVID-19 pandemic has disrupted almost al l aspects of one's daily rout ine which 
has lead to unprecedented stress and other mental consequences. Th is, coupled w ith 
home confinement has lead to a change in t he nutrional and exercise habits of t he 
population, both positive and negative. The purchase of calorie-dense foods has been 
increased and so has boredom eating however given that more time is being spent at 
home, many people are opting to cook more. Home confinement has also lead to an 
increase in sedentary behaviour but some have found more time to pursue exercise 
as a form of leisure. The following changes could lead to an increase in obesity, which 
in itself is already one of the problems that Malta has been facing these last few years. 

Tags: nutrition, exercise, obesity, pandemic 

Introduction 

The year 2020 has been dominated by 
the COVID-19 pandemic which 
o riginated in Wuhan, China in 
December 2019. The WHO declared t he 
SARS-CoV-2 outbreak as a pandemic on 
llth March 2020. Since th is virus is 
primarily spread through small droplets, 
most governments have enforced 
lockdowns and other restrictions in 
order to minimise further spreading of 
the virus, with Malta implementing a 
partial lockdown on 28th March (Grech 
V. 2020). 
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Isolation and confinement have been 
proven to be beneficial to contain and 
limit the spread of disease (Duerr et al. 
2007). This however has had many 
mental repercussions on many 
individuals. with increased risk of 
depression, boredom, and anxiety 
(Wang et al. 2020). With such emotions 
many people will no longer prioritise 
their health. 

This has caused an enormous change in 
the routine of many people's lives. 



While for some this can be considered 
as a small vacation from their normal 
lives, for many this has been a time of 
uncertainty. In a study about how 
emotions affect human appetite, 
changes in food intake have been 
observed in times of stress and other 
heightened emotional states (Macht et 
al. 2008). The nutritional status of 
individuals can be taken as an indicator 
of the resilience against destabilisation 
(Naja et al. 2020). One can t herefore 
presume that in some ind ividuals t here 
have been changes in their diet. 

With the closure of gyms and other 
recreational centres, one can also 
expect a change in the energy 
expenditure of many individuals (Naja et 
al. 2020). On the other hand many 
people found themselves with more 
free time to pursue hobbies which they 
may not have had time to do before and 
some of these hobbies could have 
included a degree of exercise. 

Nutrition 

One of the main pil lars of maintaining a 
healthy lifestyle is adequat e nut rition. 
The deviation from the norimal routine 
wil l certainly have an effect on this. Even 
short deviations from routine such as on 
vacations usually result in weight gain. 
(Cooper et al. 2016). Literature shows 
that even in this short amount of time 
there can be disruptions in eating 
behaviours which usually lean towards 
an energy surplus, leading to increased 
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fat formation (Bhutani et al. 2020). The 
most at risk to this phenomenon are 
those individuals which are overweight 
however even the most physically 
active are not necessarily protected 
from this effect (Stevenson et al. 2013). 
The public health measures imposed 
due to the pandemic have certainly 
caused a deviation from the normal 
well-established routines of many 
people's lives and so one can cautiously 
expect to see a similarity between 
effects caused by vacation and effects 
caused by the pandemic (Bhut ani et al. 
2020) 

Studies have indicated that households 
have increased their purchasing of 
calorie-dense ultraprocessed foods 
(Bhutani et al. 2020). In the beginning 
there was also a fear of food running 
out which led to the purchase of many 
long-lasting preserved foods (Food 
Insight). This has made access to high­
calorie food much easier. An initial 
study of Google trends has shown that 
whi le there was an increase in the 
searches for 'recipe' in Apri l, there was 
also a decline in the searches for 
'healthy eating'. Around March t here 
was also a surge in searches for t h e 
term 'boredom' which can reflect the 
feelings of the general population 
(Goldman D. 2020). Boredom, coupled 
with anxiety, can lead to more frequent 
eating (Sominsky et al. 2014). An 
Australian study which surveyed 5289 
individuals indicated that 34.6% of them 



has engaged in binge eating during the 
lockdown (Phillipou et al. 2020). Limited 
culinary ability can also contribute 
negatively to nutrition (Ribeiro et al. 
2020). 

However, the social distancing 
measures imposed also present an 
opportunity for many to change 
previous bad nutrit ion habits. The 
purchase of more food coupled with an 
increase in free time for most people 
has given ample opportunity for more 
home cooked meals. In the case of 
university students, many are pressured 
by social media to be healthy (Sogari et 
al. 2018) so this may provide a further 
incentive to have good eating habits. 

Exercise 

For many university students and other 
youths physical activity is achieved 
during their time spent at university, 
either during movement around or to 
and from campus or through sport 
participation (Hoffmann B et al, 2019). 
The closure of universities, gyms and 
other recreational centres therefore 
point to a decrease in activity. Sedentary 
behaviours also increase in confined 
environments which leads to less 
energy expenditure (Hobbs et al. 2014). 
A study conducted by Phillipou et al. 
(2020) indicated that almost half of its 
respondents were exercising less than 
they would before the pandemic. 
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Although places that are specifica l ly 
designated for exercise are closed, this 
does not mean that people are unable 
to exercise. The increase in popularity of 
home fitness products has increased 
throughout the years due to their 
convenience and safety. Many home 
fitness apps allow not only the user to 
track thei r workouts but also provide a 
sense of community in t he same way a 
gym does (Nyenhuis et al. 2020). 
Moreover even basic exercise such as 
walking could sti ll be done as long as 
social distancing is maintained. Since 
outings are restricted many have opted 
for the latter with a study reporting a 
34.3% increase in exercise (Phillipou et 
al. 2020). 

Implications for the future 

Poor diet quality has been associated 
with a high body mass index (BMI), a 
decrease in the gut microbiome 
diversity and also poor mental health 
(Hislop et al. 2006). The ramifications of 
physical inactivity include negative 
effects on glucose homeostasis and 
metabolic health (Narici et al. 2020). 
Physica l inactivity is considered one of 
the most important risk factors for 
major disease morbidity (Hallal et al. 
2012) and is also associated with a 
decreased immune response and more 
severe cardiopulmonary complications 
(Bloch et al. 2020). Malta already has an 



obesity CrlSIS with a third of the 
population falling in this category 
{Cuschieri s et al. 2016). Obesity is 
associated with a multitude of non-
communicable illnesses such as 
diabetes mellitus, hypertension, and gall 
bladder disease (Bray et al. 2000). In 
2016 th is crisis was estimated to cost 
around €3.6 million spread across 
pharmaceuticals, hospital care and 
primary care. Assuming that the obesity 
rate had remained the same as in 2016, 
the projected cost of taking care of the 
obesity crisis was expected to reach €5.1 
mil lion by 2022. (PWC: Weighing the 
cost of Obesity). With the pandemic, it is 
likely that the obesity rate will 
increase and w ill further increase the 
cost, as well as the burden on our health 
system. 
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The Effect of Fibre 
in Fruit and 
Vegetables on 
Colorectal Cancer 

Fibre is defined as indigestible 
remnants of plant carbohydrates. They 
are classified as indigestible as they 
cannot be broken down by t he body's 
enzymes {Perez-Cuet o and Verbeke 
2012). It is a major component in fruit 
and vegetables, as well as in other foods 
such as cereals and grains. Increase in 
dietary fibre intake is shown to lower 
the risk of colorectal cancer {CRC) 
development, especially with respect to 
distal colon cancer (Kunzmann et al., 
2015). Generally, an intake of lOg of fibre 
daily has shown to reduce CRC risk by 
10% (Song et al., 2018). This, however, 
mainly refers to the progression of 
adenomas to CRC. (Kunzmann et al., 
2015). Moreover, evidence has shown 
t hat patients who ingest ed greater 
amounts of fibre prior to being 
diagnosed with CRC tended to have a 
lower mortality rate, with CRC mortality 
decreasing by 18% with every 5g of fibre 
consumed. Studies conducted by 
Kunzmann et al., (2015) did not establish 
any strong relationships between risk of 
recurring aden omas and fibre intake, 
irrespective of the source of fibre, site of 
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adenoma or adenoma progressivity. 
Research also showed that increasing 
fibre consumption post -d iagnosis of 
CRC can increase survival chances 
(Song et al., 2018). 

Fibre is classified int o 3 different 
categories: soluble; insoluble; and 
pectins. They exhibit different degrees 
of association with CRC risk, with a 
strong inverse linear effect between 
insoluble fibre intake and CRC risk 
{Navarro et al., 2016). Patients 
consuming greater amounts of fibre are 
more likely to present with stage I CRC 
rather than stages II or Ill, which are 
more severe. (Song et al., 2018). An 
effect was also recorded for fibre from 
cereal and vegetables, w ith cerea l fibre 
imposing a more potent effect on CRC 
reduction compared to vegetable fibre, 
due to its greater fibre content {Ben et 
al., 2014 as cited by Navarro et al., 2016). 
On the other hand, no relationship was 
established between CRC risk and fibre 
from fruit (Song et al., 2018) except for 
Kunzmann et al., (2015) who reported a 
strong protective relationship in fruit 



fibre. Such discrepancies may 
potentially be due to cereal fibre being 
insoluble, in contrast to fibre in both 
fruit and vegetables, which tends to be 
more soluble (Terry et al., 2001). Both the 
extent of tumour differentiation as well 
as the site of tumour origin did not vary 
in relation to dietary fibre consumption 
from any food source. 

The fibre component of fruit and 
vegetables provides protect ion against 
carcinogens. This is done by decreasing 
the concentration of toxins within 
faeces by means of bulking, ultimately 
diminishing the transit time of 
carcinogenic contents within the colon 
(Burkitt 1971). This in turn limits the 
generation of secondary bile acids, 
preventing the production of reactive 
oxygen species (ROS). (Young et al., 
2005). It also has a regulatory effect over 
metabolism as well as insulin sensitivity, 
and so is considered to be associated 
with the prognosis of CRC (Brown and 
Meyerhardt 2016). Insulin markers, 
inflammation and hyperinsulinemia 
have shown to aggravate CRC 
prognosis, potentia lly resulting in 
recurrence and even death. (Cespedes 
Feliciano et al., 2016; Volkova et al., 2011). 
Therefore, increasing fibre intake 
through vegetables and fruit can reduce 
carcinogenic traits and improve CRC 
prognosis (Song et al., 2018). 

Fibre reduces the risk of CRC mainly 
through fermentation, by producing 
anti-tumorigenic short-chain fatty acids 
such as butyrate, acetate and 
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propionate, via gut microbiota 
(Bultman 2014; Encarnacao et al., 2015). 
Butyrate is a crucial source of energy for 
normal colonic enterocytes, stimulating 
the production of ROS and creating an 
oxidative environment (Kolar et al., 2011). 
However, it is used to a lesser extent in 
tumorigenic cells. Butyrate ends up 
accumulating in the nucleus of these 
cancerous cells, hindering the enzyme 
histone deacetylase and u ltimately 
altering gene expression in relation t o 
angiogenesis, tumour cell growth and 
metastasis (Encarnacao et al., 2015). 
Inhibition of this enzyme also gives 
butyrate the ability to trigger apoptosis 
within cancerous cells, stimulating the 
extrinsic death pathway (Donohoe et 
al., 2012). Therefore, butyrate and other 
compounds produced from fibre by 
fermentation can act as 
chemotherapeutic agents with respect 
to CRC (Bras-Gorn;alves et al., 2001). 
Unfortunately, it is still unclear as to 
what point in carcinogenesis does fibre 
exert its anti-tumorigenic properties. 

Fibre's protective traits are more 
signif icant with increased consumption 
of processed meat (Kunzmann et al., 
2015). This results in a reduced exposure 
of the colon to carcinogens found in 
processed meat, such as N-nitrosis 
compounds (NOCs) (Santarelli et al., 
2008). Increased processed meat intake 
augments the risk and development of 
CRC. Therefore, one can promote 
consumption of fibre to reduce the risk 
induced by processed meat. Other 
lifestyle factors unrelated to diet, like 



smoking, can also alter the effect of 
dietary fibre on CRC risk (Botteri et al., 
2008 as cited by Fu et al., 2013). The 
inverse relationship of fibre and CRC risk 
is generally stronger in smokers 
compared to non-smokers. However, 
smoking intensity is not a determining 
factor in this association (Fu et al., 2013). 
Fibre is able to dilute the concentration 
of carcinogens derived from cigarette 
smoke in faeces, thus diminishing the 
degree of contact of such carcinogens 
with the lumen of the colon (Lipkin et 
a l., 1999 as cited by Fu et al., 2013). 
Ultimately, cigarette smoking increases 
the chances of developing CRC, but the 
extent to which it can be induced is 
diminished when coupled with an 
increase in diet ary fibre. 

The Colour of Fruit and Vegetables 
and its Influence on Colorectal 
Cancer 

An increase in both fruit and vegetable 
consumption tends to decrease the risk 
of CRC. A stronger association exists 
with respect to raw vegetables in 
comparison to cooked vegetables, due 
to a lack of nutrient breakdown (Link 
and Potter 2004 as cited by Lee et al., 
2017). In women, an inverse relationship 
has been recorded between CRC risk 
and red, green and white fruit and 
vegetables. The same applies for males, 
with the exception of yellow and orange 
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fruit and vegetables, such as carrots, 
pumpkin and citrus fruits, which 
promote the development of CRC (Lee 
et al., 2017). Green fruit and vegetables 
possess the advantageous property of 
high concentrations of pro-apoptotic 
substances such as indole, folate, 
sulforphane, and lutein. They inhibit 
tumour cel l growth and reduce cell 
damage (Frydoonfar et al., 2004; 
Nishikawa et al., 2010). 

White fruit and vegetables conta in 
different phytochemicals, al l of which 
exert anti-tumorigenic properties. 
Examples include saponins present in 
bulb vegetables such as garlic; glucans 
found in mushrooms; and 
polysaccharides in apples. These 
compounds are all anti-oxidants and 
can decrease the likelihood of DNA 
damage (Li et al., 2015). Many studies on 
apples show a strong inverse 
association or no association at all with 
CRC risk (Jedrychowski and Maugeri 
2009). Studies have also proven that 
garlic has the potentia l to promote 
apoptosis, whilst inhibiting progression 
of the cell cycle and formation of DNA 
adducts. However, results have shown 
to be inconsistent and overa ll 
conclusions have been made that garlic 
does not have a significantly 
established relationship with reduced 
CRC risk. (Hu et al., 2014). Citrus fruits 
form part of the yellow and orange fruit 
and vegetables group, and were found 
to lower the chances of CRC 
development in women (Levi et al., 1999 
as cited by Lee et al., 2017). 



They are highly rich in carotene, which 
regulates proliferation and metastasis of 
tumour cells. Similar to white fruit and 
vegetables, they also have anti-oxidant 
properties w h ich can hinder CRC 
development (Liu 2004; Reczek and 
Chandel 2015). However, consumption 
of yellow fruit and vegetables can have a 
pro-cancerous effect on males, with 
respect to CRC development (Lee et al., 
2017). Ginger, however, is an exception 
to this group. Fresh ext ract ion of ginger 
root contains g ingerol, which is known 
to hinder progression of CRC in humans 
due to its ability to inhibit HCTI16, a 
human colon cancer cell line (Zick et al., 
2015; Bode 2003). However, rotting 
ginger conta ins safrole, a classified 
carcinogen shown to promote CRC in 
studies conducted on rodents (Long et 
al., 1963 as cited by Lee et al., 2017). 

Overall, fruit and vegetable 

consumption tend to decrease CRC risk, 
with the exception of the yellow and 
orange colour group. Fibre intake from 
vegetables also contributes to reduced 
CRC risk. Therefore, fibre-based diets, 
containing food such as cereals, g rains, 

fruit and vegetables, should always be 
promoted, especially amongst those 
individuals who are susceptible to the 
development of CRC. By implementing 
this type of diet, the risk of CRC 
development is reduced significantly in 
the individual and is also associated 
with a decreased incidence of CRC in 
the general population. There is still 
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need for more research on these 
relationships in order to better 
understand the mechanisms by which 
CRC is induced or inhib ited, and to 
explore potential preventative 
methods or treatments. 
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Vitamin D 
Receptor and 
Cancer 

Vitamin D Receptor Structure 

Vitamin D target tissues contain a 
specific vitam in D nuclear receptor 
(VDR). VDRs are present in more than 
30 cell types particularly those 
responsible for calcium homeostasis, 
immune f unction, endocrine, 
hematopoiesis and tumors. VDR is a 
SlkDa steroid, thyroid protein hormone. 
VDR shows more than 95% homology 
between species. The VDR conta ins an 
N-terminal DNA-binding domain (DBD). 
This acts as a cysteine-rich recognition 
domain on a sulfhydryl protein. In the C­
terminal there is present a ligand ­
binding domain (LSD). In response to 
increased parathyroid hormone (PTH) 
and calcitriol synthesis of the VDR 
receptor increases (Bak, 2006). 

VDR Gene Polymorphisms 

Numerous common polymorphisms are 
located in the VDR gene. Namely Fokl 
(rs2228570), Bsml (rsl544410), Apal 
(rs7975232) and Taql (rs731236). The 
polymorphisms Bsml, Apal and Taql are 
strongly linked with each other as when 
one polymorphism is present it can 
predict t he occurrence of the others. In 
fact they almost always occur with each 
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other. This is known as linkage 
disequilibrium. 

In the DNA sequence Fokl is the "start 
codon." Its function is to signal the 
position of the protein chain formation 
in DNA sequence the protein chain. 
ATG is the DNA sequence for a start 
codon encoding the amino acid 
methionine. The VDR gene is 
composed of two possible start codons 
which are positioned very close t o on e 
another at t he init ial gene position. At 
the right, the SNP rs2228570 (T/C) 
results in methionine (M, Met) 
substitution. Therefore it becomes 
encoded by the three-letter codon ATG, 
for a threonine (T, Thr) amino acid, 
encoded by ACG at position l of the 
protein (MetlThr). Therefore t his 
eliminates t he fi rst start codon, t o resu lt 
in the use of the second start codon 
producing a VDR protein. As a result 
the 'T' allele creates a longer VDR 
protein which is composed of 427 
amino acids than the 'C' allele which 
creates a shorter VDR protein 
composed of 424 amino acids. Even 
though these VDR proteins are of 
different lengths, both are functiona l 
VDR prot eins. 



On the other hand the Bsml, Apal and 
Taql polymorphisms and other 
polymorphisms present on the VDR 
gene, are so close to each other that 
they are almost always inherited with 
each other by chance alone. The 'G' 
allele of Bsml (b), 'G' allele of Apal (a) and 
'T' allele of Taql (T) are generally 
detected together forming baT. The 
a lleles 'A' Bsml, 'T' Apal and 'C' Taql 
association forms Bat (Takeshige, 2015). 
This is summarized in Table 1. 
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Table 1. VDR Polymorphisms 

Antioxidant effects of Vitamin D 

and Cancer 

Antioxidant Effects 
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When liganded, VDR can inhibit 
expression of factors which generate 
reactive oxygen species (ROS) and 

factors which remove ROS 
intracellularly preventing tissu e 
damage. It can upregulate the 
expression of NADPH oxidase through 
genomic action or stimulate t he 
synthesis of reactive nitrogenspecies 
through the influx of Ca2+ into the cells­
this is non-genomic promotion. These 
actions can not only increase cancer 
cells' sensitivity to drugs but may also 
promote vascular calcification and fat 
deposition in adipocytes i.e. m ajor ROS 
production species Yet more studies 
are required regarding vitamin D as an 
antioxidant (Ke et al., 2016). 

Colorectal cancer 

1,25-(0H)2-D3 can reduce the growth of 
rapidly dividing colon tumor cells and 
reverse colonocytes from a malignant 
to a normal phenotype. These 
properties are due to VDR activation 
which inhibits signali ng through ~­

catenin (a mediator of the Wnt 
pathway). This stimulates apoptosis. On 
the other hand VDR can also bind to 
bile acid and lithocholic acid i.e. a 
potent enteric carcinogen. VDR 
expression appears t o decl ine during 
the prog ression of colon cancer and 
this has been associated with t he 
upregulation of cancer t ranscriptional 
repressors which bind to VDR­
promotors shifting catabolism from 
calcifediol to calcitriol. These suppress 
the inflammation process. (Takeshige, 
2015). 



Gupta et al; (2011) enhance how serum 
25-0H-03 levels of more than 20 
ng/mlor intakes of a minimum of 1000-
20001U/day show significant reduction 
in colorectal risk. 

VOR single nucleotide polymorphism 
gene exists which has been associated 
with differences in colon cancer risk. 
Cdx-22 AA of Fokl TI carriers showed 
twice the increased risk for colorecta l 
cancer when compared with ot her 
genotypes. On the other hand t hose 
with Cdx-2-FoklA-T, Fokl Taq lT-G, or 
Cdx-2-FoklTaq lA-T-G haplotypes 
showed two to three fold increased 
colon cancer risk when compared with 
other haplotypes (Rai et al; 2017). 

The most recent study which shows the 
relationship between vitamin o and 
cancer is the SUNSHINE Randomized 
Clinical Trial (RCT) performed by Ng, et 
al in 2019. This study has concluded that 
high vitamin 0 doses may help to 
hinder advanced colorectal cancer 
growth when combined with 
chemotherapy. In the RCT it was 
observed t hat disease progression in t he 
participants of the h igh-dose group 
remained stationary for about 13 
months in average, w h ile those 
participants in the low-d ose group 
remained stationary for around 11 
months. Also it was observed that the 
participants before the SUNSHINE trial 
had low Vitamin 0 doses. Yet further 
research is required to identify the 
advantages of vitamin O in colorectal 
cancer. 
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Breast cancer 

Breast eel Is express VOR Liganded VDR 
functions in inhibiting growth, inducing 
apoptosis and stimulating expression 
factors which are involved in cell 
proliferation regulation. These function 
by blocking mitogenic signals which 
are estrogen-driven. Studies including 
those performed by Huss et al; (2019) 
and Al-Azhri et al; (2017) have found an 
inverse relationsh ip between VDR 
expression and invasiveness of breast 
tumors. As in their research, even 
though more research is required, they 
have concluded that high VDR 
expression in invasive breast tumors is 
associated with favorable prognostic 
factors and low risk of breast cancer 
associated death. Therefore having high 
VOR expression is a positive prognostic 
factor. In fact Schwalfenberg, Genius & 
Hiltz (2009) have estimated that in 
Canada increasing 25-0H-03 serum 
levels to 40-60 ng/mL yearly would 
prevent around 58,000 new cases of 
breast cancer each year while reduce 
breast cancer mortality by half. 

Prostate cancer 

Studies in human prostate cel ls have 
shown that calcitriol bind with VOR to 
bring about androgen signaling. This 
signaling brings about differentiation of 
stem cells to androgen-receptor 
positive epithelial cells while 
augmenting turner-suppressing 
microRNAs. Hendrickson et al; (2011) 



have found that circulating 25-
hydroxyvitamin D interact with VDR 
decreasing proliferation and increasing 
a poptosis for some types of 
malignancies. Kastner et al; {2009) 
identified those carriers of the VDR 
Bsml B allele prostate cancer risk is less 
than those which do not carry the allele. 

Skin cancer and polymorphisms 

Vitamin D brings about kerat inocyte 
proliferat ion by inhibition of J3-catenin 
signaling and protection of UV-induced 
DNA damage. It does this by VDR which 
brings about upregulation of p53, 
inhibition of stress-activated kinases 
and nitric oxide suppression production. 
In the meta-analysis, Denzer Vogt and 
Reichrath {2011) studied the risk of 
melanoma exherted by VDR 
polymorphisms. The Taql polymorphism 
{rs731236) is a restriction fragment 
length polymorphism (RFLP). In the 
meta-analysis it was conveyed that Taql 
allele t was significantly less frequent 
among melanoma patients than among 
controls. Therefore one can deduce that 
t might confer protection to carriers 
against melanoma while T increases 
their risk. On t he other hand, genotypes 
Tt + tt were less frequent among 
melanoma patients than among 
controls and were linked with 
significantly lower melanoma risk for Tt 
+ tt vs. TI genotypes. Bsml 
polymorphism may alter gene 
expression by regulation of the st abil ity 
of mRNA. The Bsml al lele B was found 
to be less frequent among melanoma 
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patients. Therefore one can deduce that 
B may confer protection for carriers 
against melanoma while b may put 
them at r isk. The Fokl f allele was 
identified to increase the risk of 

melanoma. 

Conclusion 

Throughout this article the role of VDR 
as an antioxidant and its role in cancer 
prevention was d iscussed. It was also 
seen how VDR polymorphisms conf er 
protection or increase the risk for 
specific types of cancer. Even though 
this article enhanced on outbreaking 
discoveries in cancer prevention 
regarding VDR further studies are 

required. 
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Introduction 

Parkinson's Disease -
From Pathogenesis To 
Novel Therapeutic 
Approaches 

Parkinson's Disease (PD) ranks as t he second most common neurodegenerative 
d isorder (1). The main sit e affected is the substantia n igra pars compacta (SNpc) in the 
midbrain, which suffers a relentless degeneration of dopaminergic neurons of the 
nigrostriatal pathway, hence resulting in a lack of the neurotransmitter dopamine 
(DA) in the basal ganglia. Both genetic and environmental factors contribute to the 
aetiology of the disease (2). Few (10-15%) cases are familial and single gene mutations 
give rise to less than 5% of PD forms -monogenic (Mendelian inheritance) (3). The 
genes SNCA, LRRK2 and VPS35, are autosomal dominant, whereas Parkin, PINKl and 
DJ-1 are autosomal recessive. Recently, glucocerebrosidase (GBA) gene mutations 
have been found to be a prime genetic risk factor for PD (4). In fact, heterozygous loss 
of function of GBA causes more than a five-fold increase in the probability of 
developing PD (5). 

Apart from genetic predisposition, age is a major risk factor for PD. Its incidence 
climbs up with age to almost 100 per 100,000 person years, between 70 and 79 years 
(5). The median age of onset is 60 years (5). Substantial evidence shows that a 3:2 ratio 
of men to women exist s (2). In contrast to fami lia l PD, the aetiology of idiopathic PD is 
multifactorial, as it is the product of an interplay of components: multiple genes, 
environment and life style -caffeine, smoking and pestic ides are among the most 
strongly associated with PD (3). Moreover, consumption of tea (rich source of 
polyphenolic compounds), is associated with neuroprotective and neurodegenerative 
effects in PD, although further studies are needed (6). 

Pathophysiology 

Since PD involves the extrapyramidal system, this means that the basal gangl ia 
motor circuitry is disturbed (7,8). Since the SNpc projects onto the striatum, the 
subcortical motor circuitry suffers from loss of DA leading to the motor features 
accompanying PD. 
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However, cell degeneration also occurs 
in other catecholaminergic structures, 
such as the dorsal nuclei of the vagus 
and the locus coeruleus, thus explaining 
the non-motor features of PD (5). DA 
receptors exist as an excitatory type (Dl) 
and as an inhibitory type (D2). 

DA works by affecting motor activity. 
The basal ganglia are part of this 
system, namely: striatum substantia 
nigra pars reticulata (SNpr) and internal 
g lobus pallidus (GPi). These structures 
form part of bigger circuits including 
t he tha lamus and the cerebra l cortex. 
Essentially, two pathways exist: direct 
(Dl) and indirect (D2). The SNpc 
modulates these pathways by 
projecting dopamine onto the striatum. 
DA excites Dl but inhibits D2, and since 
02 is in itself inhibitory for (competing) 
movement, but Dl activates movement, 
the overall effect of DA is to favour 
(wanted) motor action. What happens 
in Parkinson's patients, is that since 
both pathways are being deprived of 
dopamine, Dl gets less excited and D2 
has its normal inhibition decreased. The 
outcome is increased inhibitory GPi 
output, leaving the thalamus with less 
ability to activate the frontal cort ex (9). 

Lewy bodies (LB) in the substantia nigra 
(SN), first identified by Dr. Fritz Heinrich 
Levi over 100 years ago (10) are a 
histopathological hallmark of PD (11). 
These are mainly composed of a­
synuclein (a-syn), a presynaptic protein 
expressed in the brain, which under 
oxidative stress aggregates. The 
mechanisms through which LB cause 
neuron degeneration in the SN are 
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under intense study, and include 
mitochondrial dysfunction and/or 
release of pro-apoptotic molecules like 
cytochrome C (12). 

Clinical Features 

Although originally described by the 
English surgeon and apothecary James 
Parkinson in 1817 as a "shaking palsy" 
(13), Parkinson's patients experience 
both motor and non-mot or symptoms 
(NMS). The early stage (around 4-6 
years) of the disease comprises non­
motor features (Table 1), presenting 
subtly, and may be easily mistaken as 
linked to normal aging (2). The crucial 
triad of motor symptoms are 
bradykinesia, tremor at rest and muscle 
rigidity; postural instability is also often a 
presenting feature. The clinical 
presentation of PD can vary appreciably 
between patients. Recognized motor 
subtypes include: 'postural instability 
and gait difficulty' (PIGD), 'tremor 
dominant' and 'indeterminate' (14, 15). A 
relationship between the patient's age 
at onset and the PD motor 
presentations may be present; patients 
older than 64 years are twice as likely to 
have tremor at onset compared with 
patients younger than 45 years (2). 
The Unified Parkinson's Disease Rating 
Scale (UPDRS) is the trusted scale to 
assess the clinical status of PD patients. 
Prodromal or premotor symptoms can 
occur up to 10 years before diagnosis, 
including: hyposmia, constipation, rapid 
eye movement sleep behaviour disorder 
(RBD) and depression. This prodromal 



Motor symptoms Non-motor symptoms 

Tremor Hvposmia 

Rigidity Psychiatric symptoms: depression, anxiety, apathy, hallucinations, 
psychosis 

Bradykinesia Oementia/coenitive impairment 
Postural instability Sensory symptoms 
Postural abnormalities Genitourinary symptoms: urinary frequency, urgency, reduced 

libido, sexual dysfunction 

Gait disturbances Gastrointestinal svmptoms: constjpation, delaved stomach emptvirn~ 

Alterations in Dysphagia, sialorrhea, dysarthria, hypophonia 
blinking/eye movements 

Hypomimia Disturbances of sleep and wakefulness 

Micrm~raohia Cardiovascular symptoms: blood pressure variations, dvsrhvthmias 

Table l. Motor and Non-motor symptoms of PD. (Adapted from Balestrino & 

Schapira. 2020). 

stage allows identification of those with 
PD at its primitive stages, a necessity for 
early treatment (16). A web-based 
prodromal PD risk calculator which 
calculates the probability of prodromal 
PD, has recently become available (17). 

Diagnosis 

Central to PD diagnosis are a thorough 
patient's history and physical 
examination. Over time, the response to 
treatment and any development of 
motor fluctuations, must be assessed. 
Table 2 shows the criteria forma lized by 
the UK Parkinson's Disease Society 
Brain Bank, with 90% diagnostic 
accuracy. Early-onset patients have 
more marked bradykinesia and rigidity, 
but are less likely to present with gait 
disturbance than those with late-onset 
PD (18). Forming an early diagnosis is 
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tied to early identification of non-motor 
comorbidities, like depression, anosmia, 
sleep disorders, and their potential 
association with PD (19). 

Imaging techniques, like magnetic 
resonance imaging (MRI), are useful 
only to exclude other neurological 
disorders. Normally, it is only when 
motor symptoms become prominent 
that PD is diagnosed, hence the idea of 
biomarkers may lead to a quicker and 
earlier diagnosis (2). 

Presently, no clinically useful b iomarker 
for PD diagnosis exists. Single-photon 
emission computed tomography (PET) 
can be used as dopaminergic imaging 
to display asymmetric and decreased 
uptake of striatal dopaminergic 
biomarkers (particularly in the posterior 
putamen), suggesting dopaminergic 



1. Bradykinesia and at least one of the following: 
./ Rigidity 
./ Resting tremor (4-6Hz) 
./ Postural instability not caused by primary 

visual, vestibular, cerebellar or proprioceptive 
dysfunction 

2. Exclusion of other causes of parkinsonism 

3. At least three of the following supportive (prospective) features: Unilateral onset, Persistent 
asymmetry primarily affecting the side of onset, Resting tremor (hand, leg or jaw; low 
frequency (4-5 Hz], asymmetric, disappears with action), Excellent response to levodopa (70%-
100%), Progressive disorder, Severe levodopa-induced chorea (dyskinesias), Levodopa response 
for five years or more, Clinical course of 10 years or more 

Table 2. Criteria of the UK Parkinson's Disease Society Brain Bank for diagnosing 

Parkinson disease. (Adapted from Jankovic et al., 2008). 

denervation (16). This type of imaging is 
effective in separating PD from other 
conditions with no dopaminergic 
denervation. In the future, 7-T MRI may 
be useful in assessing the anatomy of 
the SN (2). 

Treatment 

Unfortunately, current PD treatment is 
only symptomatic and primarily targets 
the dopaminergic pathway. Levodopa 
(L-dopa) is the card inal rule for PD 
treatment -it is the most effectual drug 
for motor symptoms (20). Whether 
g iven in tablet form several t imes in a 
day or via duodenal infusion (in 
advanced d isease pat ients), L-dopa 
provides a dramatic improvement in 
symptoms. However, L-dopa brings 
about periph eral dopaminergic side­
effects (can be evaded by decarboxylase 
inhibitors) and other side-effects like 
confusion and hallucinations {21). It also 
causes motor fluctuations and 
dyskinesia. 
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These draw-backs may be due to the 
discontinuous stimulations of dopamine 
receptors in the striatum, rather than 
the prolonged dopamine supply (22). 
The severity of dopaminergic 
neurodegeneration, the L-dopa dose, 
low weight and fema le sex, are all 
factors linked to the origin of motor 
complications (23). 

Recently, an extended-release 
carbidopa-levodopa formulation 
(IPX066) was approved, t o decrease 
m otor fluctuations (24). Ot he r 
fo rmulations like an inhaled form u lation 
and a levodopa prodrug (XP21279) are 
being investigated (16). 

Dopamine agonists trigger the striatal 
postsynaptic dopamine receptors. 
Compared to L-dopa, these drugs are 
less effective in improving the motor 
symptoms, but are not as likely to cause 
dyskinesia (16). Monoamine oxidase B 
{MAO-B) inhibitors reduce dopamine 



metabolism and so, extend dopamine 
stimulation. Since L-dopa is metabolized 
by Catechol-0-methyl transferase 
{COMT) enzymes, COMT inhibitors are 
used as a supplement to L-dopa, since 
they prolong its half-life {25). 

No disease-modifying therapies are 
available. Hence, the search for potential 
neuroprotective therapies continues in 
earnest. Targets for such therapies 
include: a-syn, ca lc ium homeostasis, 
m itochondrial dysfunction, oxidative 
stress and autophagy. Short-interfering 
RNAs {siRNAs) can be used to decrease 
a-syn expression (26). Passive and active 
immunotherapies that target Syn are 
currently undergoing clinical trials {16). 
Studies indicate that caffeine and 
nicotine can affect a-syn aggregation 
and that isradipine {ca lc ium channel 
b locker) and urate behave like 
antioxidants (16). However, isradipine did 
not show clin ical effectiveness in a 
recent trial (27). The diphenylpyrazole 
compound, anle138b, has been found to 
have anti-aggregation effects on a-syn 
{28). In Tau pathology models {for 
Alzheimer's disease), anle138b, saved 
neuronal loss {29), and is undergoing 

clinical trials. 

Drugs that target the GSA pathway are 
also under investigation {30). Enhancing 
autophagy can halt the degenerative 
process of PD, as evidenced in animal 

and in vitro models {31). 
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Conclusion 

PD pathology is complex, involving an 
amalgam of genetics, epigenetics and 
environmental triggers. Despit e 
countless investigations, PD remains 
incurable. Its complete aetiology is still 
unknown. Each case is heterogenous 
and depends on the individual.. 

However, our current knowledge of PD 
is constant ly being tested by new 
discoveries, and should be directed 
towards the development of biomarkers 
and disease-modifying measures, if we 
are to find a cure for this movement 
d isorder, hopefully in the near future. 
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Introduction 

Does a plant based 
diet actually decrease 
the risk of colorectal 
cancer? 

Colorecta l cancer (CRC) is t he t hird m ost prevalent cancer (World Cancer Research 
Fund/American Institute for Cancer Research; Bray et al., 2018) and t he second 
leading cause of cancer mortality worldwide (World Health Organisation). 

There are various lifestyle and dietary risk factors for CRC. Diet is the most influential 
risk factor for CRC other than increasing age, particularly over the age of SO (Baena & 
Salinas, 2015); male gender; and genetic predispositions (Brenner et al., 2014). CRC is 
therefore a threat to public health especially due to increased unhealthy diets r ich in 
meat, processed foods, cholesterol and fat. In fact, CRC incidence is higher in 
developed countries in comparison with less developed countries (Bishehsari et al., 
2014), as studies have shown that a more westernised lifestyle leads to a higher 
prevalence of CRC (Carroll et al., 2014). 

A European study was carried out which involved 347,237 participants who were 
followed up for 12 years, which led to the conclusion that a decrease in CRC risk can 
be obtained through the implementation of lifestyle changes such as increased 
exercise, maintaining a healt hy body mass index (BMI), little to no smoking or alcohol 
intake, and a healthy d iet , r ich in fibre and low in processed and red meats 
(Aleksandrova et al., 2014). Implement ing various of these lifestyle changes led t o t h e 
largest decrease in CRC risk. 
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Meat consumption 

Studies show t hat there is a clear 
correlation between the prevention of 
CRC and the implementation of a 
vegetarian diet (Orlich et al., 2015), as a 
major variable risk factor for CRC is diet. 
Most notably a high consumption of red 
and processed meat are linked to an 
increased risk (Cross et al., 2007; Norat 
et al., 2005), w h ereas a decreased risk is 
linked to plant foods as they are rich in 
d ietary fiber and nutrients (World 
Cancer Research Fund/American 
Institute for Cancer Research, 2011). The 
International Agency for Research on 
Cancer has classified processed meats 
as a Group 1 carcinogen and red meat as 
a Group 2A carcinogen (International 
Agency for Research on Cancer; 
Sobiecki, 2017). 

The World Cancer Research 
Fund/American Institute for Cancer 
Research stated red and processed 
meats lead to an increased CRC risk, 
and therefore one should limit red meat 
in their diet, and avoid processed meats 
as much as possible (WCRF/AICR, 2007; 
WCRF/AICR, 2010). Studies have shown 
that red and processed meats 
encourage precancerous lesions to 
develop in the colons of rats (Pierre et 
al., 2010; Bastide et al., 2015). 

There are various mechanisms which 
have been studied to explain the 
relationship between meat and CRC. 
The mechanisms which seem t o be 
most significant for the development of 
CRC are: (1) Peptide-derived amines 
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found in processed meats may be N­
nitrosated into carcinogenic N-nitroso 
compounds in the gastrointestinal tract 
(Bingham et al., 2002); (2) Herne iron 
from red and processed meats promote 
CRC due to the cytotoxic effects of 
heme on epithelial cells (Sesink et al., 
1999; Bastide et al., 2012), as well as 
heme iron acting as a catalyst for both 
the formation of nitrate compounds and 
the oxidative degradation of lipids by 
free radicals which leads to cell injury 
(Glei et al., 2006); and (3) Mutagenic 
heterocyclic amines (HCA) are 
consumed when meat is cooked at high 
temperatures (Sinha et al., 1998). 

The advantages of a vegetarian 

diet in relation to CRC 

Vegetarian diets are also linked t o a 
lower body mass index (BMI), as studies 
have proven that meat-eaters consume 
high protein and low fibre, which is 
associated with an increased BMI 
(Tonstad et al., 2009). The European 
Prospective Investigation found that 
BMI was lowest in vegans, followed by 
vegetarians, fish eaters, and finally 
highest in meat-eaters (Spencer et al., 
2003). Obesity has been proven to 
increase the risk of CRC (Baena & 

Salinas, 2015). 

Fruits and vegetables are rich in 
antioxidants and polyphenols, which 
have been proven to reduce chronic, 
cardiovascular and cancer diseases 
(Vauzour et al., 2010), mainly through 
their effect on metabolic pathways such 
as mitogen-activated protein kinase 



(MAPK) pathways and cytochrome P450 pathways amongst others 
(Androutsopoulos et al., 2010). This interplay with metabolic pathways can inhibit the 
progression of metastatic tumours (Baena & Salinas, 2015). 

Plant foods tend to be rich in dietary fiber and nutrients, which protect against CRC, 
as can be illustrated by Figure 1 below: 

• Carcinogenic substances 
dilute in gut lumen. 

• Reduction of postprandial 
hyperlnsullnemia. 

• Block conversion of 
primary bile acids to 
secondary (deoxicolic 
acid) more toxic. 

• SCFA reduce cell 
proliferation and facilitate 
apoptosis. 

• Time reducction of 
carcinogenics substances 
in contact to epithelial 
cells. 

Figure l. Scheme of potential mechanism s of protection of fiber in colorectal cancer 

(Baena & Salinas, 2015). 

(SCFA = short-chain fatty acids) 
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Folic acid and CRC 

Folic acid, also known as vitamin 89, can 
be obtained naturally in one's diet from 
foods such as broccoli, leafy green 
vegetables, kidney beans and fortified 
breakfast cereals, and has been shown 
to reduce the risk of CRC (Ta rraga Lopez 
et al., 2013). However, when folic acid is 
obtained from folic acid supplements 
and exceeds the daily recommended 
dose of 1000 µg/day, it may increase the 
r isk of neoplasms (Durke & Malecka­
Panas, 2014). 

What about pescovegetarians? 

Research has however shown that a 
moderate amount of fish may provide 
some protection against developing 
CRC (Baena & Sal inas, 2015). as fish 
contain high amounts of vitamin D and 
omega-3 fatty acids (Vargas & 
Thompson, 2012). High vitamin D intake 
has been linked to a decreased risk for 
various types of cancer. Various 
epidemiological studies have proven 
that Vitamin D offers a direct protective 
role on CRC (Garland & Garland, 1980; 
Byers et al., 2012) and on the contrary, 
low levels of Vitamin D have been linked 
to increased risk of CRC (Jenab et al., 
2010). Fish are primary sources of n-3 
long chain polyunsaturated fatty acids 
(n-3 LC-PUFAs) (Delarue et al., 2004). 
Research shows that n-3 LC-PUFAs 
produce anti-inflammatory eicosanoids 
which may inhibit tumour development 
(DiNicolantonio & O'Keefe, 2018). 
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Individuals who incorporated fish into 
their diet exhibited approximately a 10% 
reduced risk for CRC (Aglago et al., 2019). 

A major study published in the Journal 
of the American Medical Association, 
called the Adventist Health Study 2 
(AHS-2) involved 96,354 Adventist North 
Americans who were followed up for 7.3 
years. This study concluded that overall 
meat-eaters showed an increased 
frequency of CRC, and most notably 
pescovegetarians (vegetarians who 
include fish in their diet) had the largest 
decrease in CRC risk (Orlich et al., 2015). 

In spite of these studies, the World 
Cancer Research Fund analysed various 
studies and concluded that evidence 
that fish reduces the risk for CRC is 
"limited but suggestive," so there is sti ll 
certain uncertainty whether 
implementing fish into one's diet 
prevents CRC (World Cancer Research 
Fund/American Institute for Cancer 
Research, 2018; Aglago et al., 2019). 

The effects of alcohol and smoking 

onCRC 

Alcohol can also d irectly affect one's risk 
for CRC, as when ethanol is metabolised, 
acetaldehyde is produced, which is 
carcinogenic and may lead to CRC 
development (Reidy et al., 2011). There is 
a 16% increase in CRC risk associated 
with 30g/day of alcohol intake, and a 
41% increase in risk associated wit h a 
45g/day intake (Durko & Malecka-Panas, 



2014). indicating that the risk for CRC 
increases w ith increasing alcohol intake 
(Tarraga Lopez et al., 2013). This 
correlation is observed less frequently in 
females than in males (Baena & Salinas, 
2015). 

Smoking is another well known 
carcinogen which is associated with 
CRC. Studies show that non-smokers 
have an increased survival rate when 
compared to smokers (Zhu et al., 2014). 
Therefore there is a clear dose-response 
relationship between smoking and CRC 
outcome (Phipps et al., 2013; Walter et 
al., 2015). 

Conclusion 
CRC incidence is steadily increasing, 
especially due to the fact that more 
countries are adopting a more 
westernised lifestyle. Studies have 
shown there is a direct link between 
high consumption of red and processed 
meat and CRC, as these foods are 
carcinogenic. Therefore, the 
implementation of a vegetarian diet 
may lead to a decrease in CRC risk, 
especially since plant foods are rich in 
antioxidants, polyphenols, dietary fiber 
and nutrients such as folic acid, w hich 
are all protective factors against CRC. 
Pescovegetarians also seem to have a 
further decreased risk of CRC, notably 
due to the fac t that fish contain high 
amounts of vitamin D, which plays an 
active role in immunity and has a 
protective role against various types of 
cancers. Other than these major d ietary 
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risk factors, alcohol and smoking are 
among other major links attributed w ith 
CRC, so eliminating these from one's 
lifestyle further helps to decrease their 
risk of CRC. 
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Phantom Limb 
Syndrome: 
A Review 

Introduction 

Phantom limb syndrome is a condition whereby patients experience painful or non­
painful, kinaesthetic sensory sensations in a non-existing limb. French surgeon 
Ambroise Pare was the first to observe this phenomenon in 1551, after crit ically 
wounded soldiers had to undergo subsequent limb amputation.1,2 An approximate 
98% and up to 80% of amputees experience phantom limb sensations (PLS) and 
phantom limb pain (PLP) respectively.3,4 This literature review will primarily focus on 
the pathophysiology of phantom limb syndrome, its clinical manifest ation and PLP 
management. Despite its prevalence, phantom limb syndrome is sti ll regarded as a 
poorly understood phenomenon making it a chronic syndrome particularly difficult to 
treat. 

Pathophysiology 

The "body schema" provides a general 
framework and serves as a basis for its 
underlying pathophysiological 
mechanism. It can be broadly defined as 
an ongoing dynamic and evolving 
bodily experience whereby combined 
'visual', 'motor' and 'proprioceptive' 
feedback information generate a single, 
integrated perception of oneself. 
Pathological states may potentially 
influence this combined self-perception 
leading to disorders of spatial 
perception as may occur as a result of 
limb nerve deafferentation and 
amputation.5,6 With an amputated 
limb, the brain receives solely 
proprioceptive information regarding its 

74 

location rather than combined visual­
proprioception feedback. 

This dissociation might cause the brain 
to conjure up a phantom limb (PL).7 The 
perception of PL movement may in turn 
occur due to mirror neurons which 
potential ly p lay a pivotal role both in the 
'body schema' and hence in PLS. These 
mirror neurons allow one to mimic 
other people's bodily movement 
through simple observation by 
activating the observer's own muscles 
involved in the perceived action.8 
Melzack's neuromatrix theory further 
explores this notion of the "body 
schema" and hypothesizes that pain is a 



Inputs to Body-self 
Neuromatrix from: 

COGNITIVE-RELATED 
BRAIN AREAS 
Memories of past experience. 4_ 
:i 11-intron. meaning and anxiety ------- ____ .. 
SH.J~OFcY 
SIGNALLING SYSTEMS 
Cutaneous. visceral and 
musculoskeletal inputs 
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homeostat1c/stress mechanisms 
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TIME 
Figure l: Melzack's body-self neuromatrix model of pain. Several input signals to the 
brain may trigger a pain neurosignature including cognitive, sensory and limbic 
feedback information. Pain is ultimately an output of the brain brought about by the 
activation of neurosignatures and regardless of any sensory input.ll 

complex experience brought about by 
the modulation and triggering of 
'neurosignatures'(Figure 1).9,10 

Neurosignatures are pattern 
characteristics in the neuromatrix which 
are generated through repeated 
"cyclical processing and synthesis of 
nerve impulses". Apart from being 
triggered through perceptual inputs 
affecting the t halamocort icol, 
somatosensory and limbic systems, they 
can also be self-generating in the 
absence of any input signals from the 
body.ll ,12 This correlates with the pain 
memory hypothesis which states that 
pain experienced by patients prior to 
subsequent amputation is stored in 
one's memory, thus being an important 
trigger for eliciting phantom pain even 
in the absence of any peripheral 
stimulation.13 
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Similarly, these pain memories play a 
fundamental role in 'empathic pai n ' 
which may elicit PLP by simply 
acknowledging, thinking or inferring an 
observed person in pain.10 

Despite these theories suggesting a 
common etiology for both PLS and PLP, 
severa l studies have observed that 
phantom pain relief does not alter 
phantom sensations and vice versa.14 
This suggests that there may be more 
underlying pathophysiological 
mechanisms for eliciting PLP. 

Patients suffering from anxiety, stress, 
depression and poor coping 
mechanisms are more likely to 
experience PLP. However, the psyche 
should not be regarded as a primary 
elicitor.15 In fact, the peripheral system 



is undoubtedly involved as it has been 
observed that the frequency of PLP is 
higher amongst patients suffering from 
stump pain. This most likely arises from 
neuromas at the nerve transection site 
due to increased ectopic firing of the A 
and C fibers. Despite this, patients may 
still experience PLP even in the absence 
of stump pain.16 

The centra l nervous system also plays a 
p rominent ro~e in PLP. Unregulated 
activity of peripheral nociceptors at 
amputation site induces plastic ity of 
dorsal horn neurons resulting in central 
sensitization. These neurons eventually 
become damaged generating pain 
impulses.17 Similarly, peripheral nerve 
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damage may trigger central 
hyperexcitability resulting in spinal cord 
reorganization (Figure 2).18 Moreover, 
Flor et al. observed that cortical 
reorganization and PLP development 
were found to be directly proportional, 
suggesting that supraspinal changes 
may play a prominent role in PLP.19 
Cortical remapping has also been 
attributed to telescoping of the limb , 
whereby the cortex remaps the distal 
limb portion onto adjacent areas e.g. 
shoulder. Th is causes amputee patient s 
to perceive the phantom limb as being 
shortened such that the dist al portion of 
the missing limb is closer to the st ump 
and appears to be magnified. 3,10,15 

Central cha~s 
• Unrn.a~•"9 
• Sprouting 
• ~neral d1s111h1bh1on 
• Map remodt'll1ng 
• Loss of neurons .lnd neurONI function 
• Denenat1on 
• A11era1io1u In nturoNI and glial actMty 
• Stnsory-motor and senSOl)~nwry lf\Congruence 

Peripheral ehanges 
• Structur.ll changes 1n neurons and axons 
• Ectopic impulses 
• Ephaptic uansmission 
• S~mpatl'\et1c-.1fferent coupling 
• ()o....n· and upregulation ol transm1t1ers 
• Alterations in channels and 11an~uct1on mol«ules 
• Select"'' lou ol unM)tl1nated fib<es 

Figure 2: Central and peripheral changes occurring in PLP. Peripheral areas include the 
residual limb and dorsal root ganglion whilst the central areas include the spinal cord 
and the supraspinal centres namely the cortex, thalamus, brainstem and limbic 
system.18 
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Evaluation 

Diagnosing PLP is somewhat difficult. 
Care must b e taken to try and 
differentiate PLP from residual limb 
pain (RLP) as these are treated 
differently. Careful examination is 
required, both of skin tissue at 
amputation site so as to exclude 
infection/wounds as well as the joint 
above, to check for any signs of joint 
dysfunction. Sensations tests are also 
carried out and pain intensity is 
assessed. RLP is usually mild compared 
to PLP, the latter of which is often 
described as being intermittent with 
burning, throbbing/tingling, cramping 

or shooting sensations. Indeed, PLP 
diagnosis is often a 'diagnosis of 
exclusion' and heavily reliant on the 
patient's history.20 

Treatment 

The complexity of PLP combined with 
the fact that much of its 
pathophysiology stills remains 
uncertain, makes it a chronic syndrome 
which is arduous to treat. Various 
t reatment options exist including 
pharmacological, non-pharmacologica I 
and invasive treatments. However, t he 
t reatment p lan offered to t he pat ient is 
mainly based upon the severity of pain 
being experienced {Table 1).21 

Table 1: Overview of Treatment Modalities for PLP.21 

77 

PHARl\L.\COLOGI CAL 

NSA.IDS 

Acetaminophen 

Opioids: 
Morphine 
Tramadol 
~UNQ~ 

AQlidw~: 
TCAs 
S)ffils 

AQ~sim1daou: 
Gaba pen tin 

Carbamazepine 
Topiramate 

~IDA receptor 
antagonists: 

Ketamine 
Memantine 

CaJcitonin 

NONINVASI\i'E 

~firror Therapy 

Transcutaneous IlectricaJ 
Nerve Stimulation (TENS) 

Biofeedback 

Relaxation Technique 

Hypnosis 

Acupuncture 

INVASIVE 

Dorsal Root End Zone 
(DREZ) !WQu. 

Cordotomy 

Thalamotomy 

Sympatbectomy 

Spinal cord stimulation 

Deep brain stimulation 



Pharmacological Treatment 

Pharmacotherapy is general ly regarded 
as the first-line treatment modality. The 
most commonly prescribed drugs for 
providing moderate pain relief include 
non-steroidal anti-inflammatory drugs 
(NSAIDs) and acetaminophen.22 
Anticonvulsant drugs such as 
gabapentin may also prove useful to 
tone down neuropathic pain intensity 
and frequency. 

However, similar to antidepressants as 
well as calcitonin, their effect on PLP 
has still been not confirmed as reports 
from various clinical trials have been 
inconsistent in their findings.21 Opioids 
and opiates may prove to be a suitable 
a lternative and are often prescribed for 
neuropathic pain relief. 

These perhaps represent the most 
effective type of pharmacological 
treatment for short-term relief, despite 
their negative connotation with drug 
dependence and the commonly 
reported side-effects such as 
constipation, sedation and nausea. 
Indeed, studies have reported a 
significant reduction in PLP both with 
oral and intravenous administration of 
morphine.23,24 It has been 
hypothesized that a contributing factor 
for opioid efficacy lies in their ability to 
disrupt cortisol reorganization, 
considered to be one of the main 
contributing factors for the 
pathophysiology of PLP. Despite this, 
avai lable studies have not assessed 
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whether morphine is effective in 
providing long term pain relief.24,25 On 

the other hand, intravenous 
administration N-methy-D-Aspa rtate 
{N MDA) receptor antagonist, namely 
ketamine, proved to be highly effective 
in reducing PLP incidence and 
potentially complete resolution.26 
Nevertheless, these observations were 
mainly reported when such drugs were 
given intravenously. In fact, Maier et al. 
reported no significant clinical benefits 
in alleviating chron ic PLP through oral 
administration of memantine.27 

These perhaps represent the most 
effective type of pharmacological 
treatment for short-term relief, despite 
their negative connotation with drug 
dependence and the commonly 
reported side-effects such as 
constipation, sedation and nausea. 
Indeed, studies have reported a 
significant reduction in PLP both with 
oral and int ravenous administration of 
morphine.23,24 It has been 
hypothesized that a contr ibuting factor 
for opioid efficacy lies in their ability to 
disrupt cortisol reorganization, 
considered to be one of the main 
contributing factors for the 
pathophysiology of PLP. Despite this, 
available studies have not assessed 
whether morphine is effective in 
providing long term pain relief.24,25 On 
the other hand, intravenous 
administration N-methy-D-Aspa rtate 
{NMDA) receptor antagonist, namely 
ketamine, proved to be highly effective 
in reducing PLP incidence and 
potentially complete resolution.26 



Nevertheless, these observations were 
mainly reported when such drugs were 
given intravenously. In fact, Maier et al. 
reported no significant clinical benefits 
in alleviating chronic PLP through oral 
administration of memantine.27 

Non-Invasive treatment 

Mirror therapy (MT) is proving to be a 
pioneer in providing PLP relief both in 
terms of cost and efficacy, with one 
study even reporting a 93% decrease in 
pain intensity.28 It consists of a 
parasagitta lly placed mirror between 
the upper/lower limb. The patient then 
moves the unaffected limb whilst 
observing its reflection in the mirror. 

At the same time, they try to mimic the 
perceived movement in the reflection 
using their phantom limb. Thus, the 
virtual limb takes the role of the 
amputated limb. It has been 
hypothesized that the basis of MT lies in 
the dampening of the distorted 
perception between visual and 
proprioceptive feedback. This concept 
of MT has also recently taken a step 
forward via virtual rea lity proving a m ore 
avant-garde perspective in alleviating 
PLP.16 Another form of non-invasive 
procedure is 1transcutaneous electrical 
nerve stimulation (TENS) which is also 
proving to be a promising treatment 
modality. TENS employs the use of skin 
electrodes to transmit a mild electric 
current to cutaneous nerve fibers. A 
reported average decrease of 66% in 
PLP has been reported and may provide 
a temporary relief of PLP for up to one 
year.29 
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Invasive treatment 

Invasive treatment is generally avoided 
and is associated with high recurrence 
rates and high risks for permanent 
nerve damage apart, apart from 
providing only short-term relief. Such 
procedures may include neuroablative 
neuroma resection, anterolateral 
cordotomy and sympathectomy 
amongst others. These are regarded as 
the last resort and before patients are 
referred to surgica l intervention, it is 
ensured that conservative t reatment 
modalities have been t horoughly 
exhausted 
success.21 

Conclusion 

without any clinical 

The exact underlying pathophysiology 
of phantom limb syndrome together 
with the potential manifestation of PLP, 
are complex mechanisms which despite 
their prevalence, remain elusive. Some 
promising therapies have been 
proposed throughout the years, most 
notably the use of MT and virtua l reality. 
However, further research is required. 
Most of the current treatment options 
offered are rather of low quality. Indeed, 
t he best treatment modality for 
management ultimately lies in 
unlocking the underlying 
pathophysiological mechanisms for 
their clinical manifestation. 



References 

1.Chahine L, Kanazi G. Phantom limb syndrome: a review. 
Middle East J Anaesthesiol. 2007;19(2):34S-3SS. 

2.Kell G. Sogenannte Erstbeschreibung des 
Phantomschmerzes von Ambroise Pare. "Chose digne 
d'admiration et quasi incredible": die "douleur es parties 
mortes et amputees• (So-called initial description of 
phantom pain by Ambroise Pare. "Chose digne d'admiration 
et quasi incredible": the "douleur i!s parties mortes et 
amputees"). Fortschr Med. 1990;108(4):62-66. 

3.Ramachandran VS. Hirstein W. The perception of phantom 
limbs. The D. 0. Hebb lecture. Brain. 1998;121 (Pt 9):1603-1630. 

4.Kooijman CM, Dijkstra PU, Geertzen JH, Elzinga A. van der 
Schans CP. Phantom pain and phantom sensations in upper 
limb amputees: an epidemiological study. Pain. 
2000;87(1):33-41. 

S.McGonigle DJ, Hanninen R, Salenius S, Hari R, Frackowiak 
RS, Frith CD. Whose arm is it anyway? An fMRI case study of 
supernumerary phantom limb. Brain. 2002;125 (Pt 6):1265-
1274. 

6.Vallar G. Spatial frames of reference and somatosensory 
processing: a neuropsychological perspective. Philos Trans R 
Soc Lond B Biol Sci. 1997;3S2(1360):1401-1409. 

7.Collins KL, Russell HG, Schumacher PJ, et al. A review of 
current theories and treatments for phantom limb pain. J 
Clin Invest 2018;128(6):2168-2176. 

8.Fadiga L, Craighero L. Olivier E. Human motor cortex 
excitability during the perception of others• action. Curr Opin 
Neurobiol. 2005;15(2):213-218. 

9.Melzack R. From the gate to the neuromatrix. Pain. 
1999;Suppl 6:S121-Sl26. 

10.Giummarra MJ, Gibson SJ, Georgiou-Karistianis N, 
Bradshaw JL Central mechanisms in phantom limb 
perception: the past, present and future. Brain Res Rev. 
2007;S4(1):219-232. 

11.Melzack R. Pain and the neuromatrix in the brain. J Dent 
Educ. 2001;65(12):1378-1382 

12Melzack R. The gate control theory 25 years later. new 
perspectives on phantom limb pain. In: Bond MR, Charlton 
JE. Woolf CJ. Pain research and therapy: Proceedings of the 
Vlth World Congress on Pain. Amsterdam: Elsevier, 1991:9-26. 

13.Flor H. Phantom-limb pain: characteristics, causes, and 
t reatment. Lancet Neurol. 2002;1(3):182-189. 

14.Davis RW. Phantom sensat ion, phantom pain, and stump 
pain. Arch Phys Med Rehabil. 1993;74(1):79-91. 

80 

15.Flor H. Nikolajsen L. Staehelin Jensen T. Phantom limb 
pain: a case of maladapt ive CNS plasticity?. Nat Rev 
Neurosci. 2006;7(11):873-881. 

16.Weeks SR, Anderson-Barnes VC, Tsao JW. Phantom limb 
pain: theories and therapies. Neurologist. 2010;16(S):277-286. 

17.Woolf, C. J. & Salter, M. W. in Wall and Melzack's Textbook 
of Pain (eds Koltzenburg, M. & McMahon, S. B.) 91-105 
(Elsevier, Amsterdam. 2005). 

18.Woolf CJ. Dissecting out mechanisms responsible for 
peripheral neuropathic pain: implications for diagnosis and 
therapy. Life Sci. 2004;74(21):2605-2610. 

19.Flor H, Elbert T, MOhlnickel W, Pantev C. Wienbruch c. 
Taub E. Cortical reorganization and phantom phenomena in 
congenital and traumat ic upper-extremity amputees. Exp 
Brain Res. 1998;119(2):205-212 

20.Hanyu-Deutmeyer AA, Cascella M, Varacallo M. Phantom 
Limb Pain. In: StatPearls. Treasure Island (FL): StatPearls 
Publishing; July 4 , 2020. 

21.Luo Y, Anderson TA. Phantom Limb Pain: A Review. lnt 
Anesthesiol Clin. 2016;54(2):121-139. 

22Hanley MA, Ehde OM, Campbell KM, Osborn B, Smith DG. 
Self-reported treatments used for lower-limb phantom pain: 
descriptive findings. Arch Phys Med Rehabil. 2006;87(2):270-
277. 

23.Wu CL. Tella P, Staats PS, et a I. Analgesic effects of 
intravenous lidocaine and morphine on postamputat ion 
pain: a randomized double-b lind, active p lacebo-controlled, 
crossover trial. Anesthesiology. 2002,9 6(4):841-848. 
24.Wu CL. Agarwal s. Tella PK, et al. Morphine versus 
mexiletine for treatment of postamputation pain: a 
randomized, placebo-controlled, crossover trial. 
Anesthesiology. 2008;109(2):289-296. 

25.Huse E. Larbig W, Flor H, Birbau mer N. The effect of 
opioids on phantom limb pain and cortical reorganization. 
Pain. 2001;90(1-2):47-55. 

26.Nikolajsen L, Hansen CL, Nielsen J, Keller J, Arendt -Nielsen 
L, Jensen TS. The effect of ketamine on phantom pain: a 
centra l neuropathic disorder maintained by peripheral 
input Pain. 1996;67(1):69-77. 

27.Maier C, Dertwinkel R, Mansourian N. et al. Efficacy of the 
NMDA-receptor antagonist memant ine in patients with 
chronic phantom limb pain--results of a randomized double­
blinded, placebo-controlled trial. Pain. 2003;103(3):277-283. 

28.Chan BL, Witt R, Charrow AP, et al. Mirror therapy for 
phantom limb pain. N Engl J Med. 2007;3S7(21):2206-2207. 

29.Melzack R. Prolonged relief of pain by brief, intense 
transcutaneous somatic stimulation. Pain. 197S;1(4):3S7-373. 





Frontotemporal 
Dementia 

Introduction 

Frontotemporal dementia (FTD) is a neurodegenerative disorder of insidious onset, 
and the term encompasses several entities. It is mostly sporadic. Epide1miologically, its 
prevalence as a dementia is th ird behind Alzheimer's disease and dementia witlh 
Lewy bodies (Bang et al., 2018). The incidence of FTD is around 1.61-4.1 cases per 
100,000 people annually (Coyle-Gilchrist et al., 2016), and the most common age of 
onset is in the sixth decade (Kelley and El-Khouri, 2016). This case report highlights the 
fact that the presentation of frontotemporal dementia can be subtle, and can present 
a diagnostic difficulty when differentiatin g it from vascular dementia and other 
cognitive disorders. 

Case Presentation 

Mr AF is a 72-year-old gentleman, 
former businessman who lives with his 
wife. He first presented to the Neurology 
Cognitive clinic on 04/04/2019 in view of 
a history of ·forgetfulness of unclear 
onset; one of the main complaints t hat 
most bothered the pat ient was that he 
could not remember where he had 
parked his car. Appropriate workup was 
done, and the clinica l impression was 
that of mild cognitive impairment with 
insidious onset. 

There were subtle changes in his 
behaviour, but no motor symptoms and 
no gait disturbance. His sleeping habits 
had not changed recently (he sleeps at 
2am and wakes up at 7am), no weight 
loss was reported and there were no 
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problems with continence. His wife 
stated that his initiative-taking was 
unchanged. There was no history of 
hallucinations, insight was retained and 
he was independent in daily life. 

His functional status was assessed: he 
was managing all activities of daily 
living. He was still driving, but required 
someone to guide him regard ing road 
directions. His wife stated t hat he did 
not drive dangerously and his difficulty 
in directions had always been present . 
The patient was still involved in some 
family business once a week. 

The patient is the patient is healthy 
enough to perform activities of daily 
living but has a number of 
cardiovascular risk factors. He is a 
known case of hypercholesterolaemia 



and diabetes mellitus, and has been 
hospitalised with compressive chest 
pain suggestive of angina pectoris. The 
patient experiences exertional dyspnoea 
on walking up hills, and also reported GI 
symptoms such as dyspepsia and 
occasional abdominal pain 

As shown in f igure 1, the patient was 
admitted with abdominal pain and had 
a colonoscopy on 09/09/2010. This 
showed diverticulosis, mainly in the 
sigmoid colon. 

The patient had other comorbidities: on 
31/08/2017, an MRI of t he lumbar/sacral 
spine was performed in view of clinical 
findings suggestive of Sl radiculopathy: 
degenerative disc change was seen 
throughout the thoracolumbar spine, 

Figure 1: 

most prominent at the L4/5 and LS/Sl 
levels, contributing to severe vertebral 
canal stenosis at the L4/5 level. The 
patient also required a shoulder 
operation for severe stiffness and 
reduced joint mobility, which was 
performed on 29/11/2016. 

Table l summarises the patient's drug 
history and allergies. 

When assessing a neurocognit1ve 
disorder, it is important to ask for any 
fami ly history of similar problems. The 
patient doesn't have any first-degree 
relatives who suffer from dement ia. The 
patient has some family members who 
also suffer from hypertension, diabetes 
and hypercholesterolaemia The patient 
is a former businessman who still does 

Family Pedigree (Tazen et al., 2013). The proband - female with SCA2 with 
an unaffected mother and a deceased unaffected father, having CAG 
repeat expansions in A TXN2 . The paternal deceased uncle had ALS with 
the same trinucleotide repeat expansion as the proband but with different 

lengths. 
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Medication Dose Reason for taking Medication 
Aspirin 
Clopidogrel 
Simvastatin 
Tamsulosin 

75mg PO once daily 
75mg PO once daily 
40mg PO nocte 
1 tab daily 

lschaemic heart disease 
lschaemic heart disease 
Hypercholesterolaemia 
Benign prostatic hyperplasia 

Table l : Mr A.F.'s current medications. No know n drug allergies 

some family business affai rs. He was a 
smoker from age 16 to 56, and only 
consumes alcohol socially. 

On examination, respi ratory rate w as 
normal, Sp02 98% on room air, 
temperature 36.8oC, blood pressure 
157/84mmHg, pulse 73 bpm. 
Neurocognitive testing showed t hat Mr 
A.F. was euthymic, with no difficulties 
with language comprehension or 
expression. The examination findings 
are summarised in table 2. 

When formulating a differential 
diagnosis for such a case, one had to 
keep in mind that the clinical 
presentation of FTD is init ially quite 
vague, so a number of neurological and 
psychiatric pathologies w ere 
considered: 

lAlzheimer d isease (commonest cause 
of cognitive impairment) 
2.Vascular dementia (mult iple risk 
fact o rs) 
3.Schizophrenic personality disorder 
(psych iatric manifestations) 
4.Dem entia with Lewy bodies (unlikely) 
5.Norm al pressure hydrocephalus 
(cognitive impairment but no gait or 
urinary issues) 
6.Benign/malignant bra in tumour 
(change in personality) 

Differentiating FTD from the other 
common cause of cognitive decline 
(Alzheimer's disease) and ruling out 
vascular causes is challenging because 
of overlapping symptoms and clinical 
features. FTD was the initial diagnosis in 
this patient, presenting mainly with 
behavioural changes and change in 

Visuospatial Assessment Normal except difficu lties copying a cube (three-dimensionality 
not correct) 

Attention: Serial 7s 4/5 
Registration Fu ll marks 
MMSE Difficulties wit h recal l 
Clock Test 4/5, both hands drawn equally 
Naming Could not name 'penguin' and 'anchor' 
Verbal Fluency 10 words starting with P in one minute 
Three-stage command Good 
Sentence-writing Good, except no question mark at the end 

Antegrade memory 7/7 
Episodic memory Good 
Attention Serial subt ract ion 4/5 

Table 2: Examination findings 
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affect. This was shown by his lack of 
spontaneous speech, coming through 
as apathetic, despite his preserved 
language ability. Although he had mild 
naming difficulties, Mr AF did well in 
verbal fluency tests, comprehension and 
writing. It would be interesting to check 
performance on tasks of facial 
expression recognition, as these 
patients typically do poorly. 

Vascular dementia is typically 
characterised by a stepwise decline, 
particularly in executive functions. In 
contrast, A lzheimer's disease and FTD 
show a progressive course, mainly in 
episodic memory. Imaging techniques 
are useful in order to identify affected 
brain regions. Atrophy or 
hypometabolism of the right frontal or 
right temporal lobe is the hallmark 
neuroimaging finding in patients with 
bvFTD. When both frontal lobes are 
involved, language symptoms are 
typically also present. 

A strictly vascular dementia in this case 
was less likely but cou ld not be 
excluded. Mixed dementia is a dementia 
where both vascu lar lesions and other 
pathology co-exist to produce cognitive 
impairment. Demented patients have a 
greater incidence of stroke and stroke 
patients have a greater incidence of 
dementia (Leys et al, 2005). 

Diagnostic investigations: 

Investigation: blood investigations: 
complete blood count, renal profile, lipid 
profile 
J ustification: this patient has a history of 
prior admission with neutropenia, and 
he has multiple comorbidities which 
may result in anaemia of chronic 
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disease. Renal profile helps to assess 
kidney perfusion in this patient with 
heart disease and other risk factors for 
chronic kidney disease. The lipid profile 
is important since the patient has 
hypercholesterolaemia 
Result & conclusion: leukopenia 
(followed up by haematologist), normal 
U&E and creatinine, elevated LDL and 
total cholesterol 

Investigation: nuclear medicine positron 
emission tomography (NM-PET/CT) 
brain 
Justification: identify areas of the brain 
that are affected by the pathology, and 
help differentiate from conditions such 
as Alzheimer's disease. 
Result & conclusion: decreased uptake 
in the left parieto-temporal cortex and 
the left posterior cingulate cortex. FDG­
PET imaging showed non-specific 
changes, which helped the diagnosis 
veer away from Alzheimer's pathology. 

Investigation: 
(EEG) 

electroencepha log ram 

Justification: forgetfulness, look for 
encephalopathic changes/ foca l 
abnormalities 
Resu lt & conclusion: figure 2: the 
patient's EEG is abnormal and showed 
generalised non-specific slowing, 
symmetrical, so this was non-specific 
and did not help in the differential 
diagnosis. The generalised slow wave 
activity is consistent with a non-specific 
encephalopathy. There are no focal or 
epileptiform features. The background 
consists mainly of alpha rhythm at 8-
9c/sec of medium amplitude (20-30µV) 
intermixed with theta act1v1ty at 
Ge/second over both hemispheres in the 
background. 
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Figure 2: Mr AF's EEG showed generalised slow wave activity. 

Investigation: magnetic resonance 
imaging (MRI) 
Justification: patient has progressive 
neurological symptoms, and MRI is a 
useful modality for showing structural 
changes in the brain 
Result & conclusion: refer to figure 3: 
MRI shows multiple peri-ventricular 
hyperintense foci in keeping with small­
vessel ischaemic changes: this is 
consistent with the patient's 
cardiovascular risk factors. 

Management: 

Table 3 outlines the pharmacological 
management for this p atient: Mr AF's 
regular medications were continued in 
view of his cardiovascular risk factors 
and prostate problems. Donepezil was 
prescribed: it is a cholinesterase 
inhibitor which can improve mental 
function. 

Mr AF was referred for neuropsychology 

Figure 3: MRI: the axial view shows hyperintense periventricular foci. The sagittal view 
shows how the FTD pathological process mainly affects the frontotemporal regions. 
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75mg PO once daily 

75mg PO once daily 

40mg PO nocte 
1 tab daily 

Smg PO once daily 

400µg PO once daily 

lschaemic heart d isease 
lschaemic heart disease 

Hypercholest erolaemia 

Benign prostatic hyperplasia 

Mild cognit ive impairment 
Mild cognitive impairment 

Table 3: Pharm acologica l Therapy 

assessment, which confirmed mild 
cognitive impairment. According to his 
wife, Mr A.F.'s condition remained 
stable, however neuropsychology 
assessment noted decline in som e 
functions, mostly relating to 
attention/recall. The patient reported 
that he was still capable of performing 
his act1v1t1es of daily living 
independently, and his wife stated that 
he parks his car 'meticulously'. Notably, 
the patient experienced difficulty 
explaining himself. 

Discussion: Frontotemporal 
Dementia 

General signs and symptoms of FTD 
include progressive deficits in 
behaviour, executive function (including 
motor) and language. The featu res of 
the three major categories of FTD are 
summarised in Figure 4, and are: 
behavioural -variant FTD, non-fluent 
variant primary progressive aphasia, 
semantic-variant primary progressive 
aphasia. The likeliest subtype in this 
patient is behavioural-variant FTD, since 
it is characterised by changes in 
behaviour, personality and emotion 
control. Executive control is only lost 
once the dorsal lateral prefrontal cortex 
is affected (Seeley et al., 2007). 

86 

Inflammatory mediators such as 
tumour necrosis factor are involved in 
the pathophysiology (Bott et al., 2016). 

In diagnosis, one must consider that 
FTD can present with symptoms that 
overlap with psychiatric disorders such 
as late-onset schizophrenia, bipolar 
d isorder; or obsessive-compulsive 
d isorder. Current avai lable treat ments 
do not cure or prevent the underlyi ng 
neurodegenerative process, and maiinly 
improve symptoms (Bott et al. 2016). 
Behavioural deficits can be moderately 
improved with the use of selective 
serotonin reuptake inhibitors and 
trazodone. 

Conclusion 

This case report describes the 
presentation, classification and 
treatment of frontotemporal dementia, 
while outlining the importance of 
holistic management in this patient 
with multip le comorbidities. This report 
outlines the diagnostic invest igations 
which are necessary t o d istingu ish 
frontotemporal dementia from oth er 
neurological or vascular conditions 
which may present in a similar manner. 
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BV·FTD 

At least three: 
• BehavtOUrell disinhib1tion 
· Apathy or inertia 
• lossof sympathy or empathy 
• StereotyptCal. compulsive. or ... perseveratM! behaviour 

FTD • Hyperoral1ty or dietary SV·PPA 
changes 

lns1d1ousonset • Executive deficits with Impaired confrontation 
Gradual progr~sion relative sparing of naming 
Exclusion cri ttria: VISUOSpatial ~kills Impaired ~ngl<' -word 
• Deficits b<'tter t>xplained by and memory comprehensroo 
other medical disorders At least three: 

• Deficits better explained by - ~ 
• Impaired object knowledge 

I a psych1atnc disorder • Surface ~lexra or d~raphiil 
• B1omarkers strongly PPA • Spared repetition 

suggest other Prominent language • Spared spe«h p<oduction 
neurodegenerat1ve p<ocess 1mpa1nnent 

langUilge deficits impair 
daily functioning 
Aphasia is the most prominent 

~ 1nrtial-phase deficit -
Exclusion criteria: 
• Prominent early deficits in NFV·PPA 

episodic rnern<H)', visual At least one: 
memory, or visuoperceptual • Agrammatism in production 
slulls • Ap<ax1a of Sl)e'f'Ch 

• Prominent early behaVtOUr At least two: 
di\turbanc~ • Impaired comprehension of 

4 comp~x st'ntences 
· Spared single-word 

compreht>nsion 
• Spared object knowledge 

Figure 4 FTD is a clinica l term w hich encompasses t hree different entities 
w ith a differing presentation. 
(Source: Bang et al., 2018). 
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