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Abstract T

Objective: Restless legs syndrome (RLS) is a common sleep disorder which affects quality of life in older individuals. We aimed to find out the
geriatric syndromes and other factors significantly associated with RLS in an older study population.

Materials and Methods: This was a retrospective, cross-sectional study conducted with the participants >60 years old who admitted to the geriatric
outpatient clinic of a tertiary hospital. The essential clinical features of RLS had to be present for diagnosis of RLS. We assessed geriatric syndromes
like sleep disturbance, falls, polypharmacy (=5 medications/day), constipation, chronic pain, cognitive impairment, depression, dysphagia, urinary
and fecal incontinence, malnutrition, sarcopenia, frailty, dependency in basic and instrumental activities of daily living and reduced quality of life.

Results: There was a female predominance (67.7%) in the overall study group (n=492). Median age was 73 (69-78). RLS was seen in 28.5% and
it was significantly higher in female participants (p=0.03). Sleep disturbance, depressive mood, fear of falling, reduced quality of life, frailty and
polypharmacy were significantly more prevalent in the RLS group (p<0.001, 0.001, 0.04, 0.004, 0.01 and 0.02, respectively). Multivariate analysis
revealed that the only factor independently associated with RLS was age [odds ratio (95% confidence interval) =0.9 (0.87-0.96); p<0.001].

Conclusion: Although depression, fear of falling, frailty, polypharmacy, sleep disturbance and reduced quality of life were more prevalent in the RLS
group, none of them were independently associated with RLS. Advanced age in the older population might be protective for RLS.
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Introduction The prevalence of RLS was reported to be 5-15% and women

. are affected as twice as men (4). The prevalence increases
Restless legs syndrome (RLS), also known as Willis-Ekbom ) . .
with age, as it has been reported up to 35% in older adult

disease, is a neurological movement disorder characterised by population (45). Besides from well-known risk factors like
iron deficiency and uremia, several other medical conditions
including arthritis, sensory neuropathy and neurodegenerative
diseases are associated with RLS and are also more prevalent

in older adults (3). As a frequent but mostly undiagnosed sleep

an uncontrollable urge to move (mainly the legs), exclusively
during times of inactivity/rest (1). It was introduced by Sir
Thomas Willis as a clinical condition in 1685 and the term RLS
was coined and clinical features described by Karl-Axel-Ekbom

in 1944 (2). It was suggested that RLS was associated with
low intracerebral iron stores and downrequlation of striatal
dopamine receptors. Therefore, dopaminergic medications have
been the basis of RLS treatment for years (3).

disorder, RLS was reported to have significant relationship with
negative outcomes like decrease in quality of life, impaired
daytime functioning, falls and impaired cognitive performance
in older adults (6-8). Although these findings might be in line
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with expectations, the results are not always consistent in the
literature (9,10). Apart from dependency in activities of daily
living, falls, or impaired cognitive functioning, there are also
other common clinical conditions in older adults, called geriatric
syndromes, whose relationship with RLS needs to be clarified.
In fact, there is a lack of studies in the literature regarding
relationship between RLS and geriatric syndromes, identified by
a comprehensive geriatric assessment (CGA).

Therefore, this study aims to detect RLS prevalence, and find
out the RLS associated geriatric syndromes and other clinical
conditions in community dwelling older adults.

Materials and Methods

Population and setting

This study is a retrospective, cross-sectional study conducted
in a tertiary health clinic. We included the patients aged >60
years who admitted to the geriatric outpatient clinic between
November 2012-December 2019. The exclusion criteria were:
i. Being younger than 60 years, ii. Refusal to participate, iii.
Moderate to severe dementia or getting <20 points from mini-
mental state examination, iv. Communicative problems (like
severe hearing loss), severe form of depression or psychosis that
would prevent establishing healthy communication and getting
reliable information. We obtained informed consent from all of
the participants. The istanbul University Local Ethics Committee
approved the study (reference: 905400/2022).

RLS diagnosis and CGA

We obtained demographic (age, gender, education level and
marital status) and clinical (chronic diseases, number of
medications, tobacco use and alcohol intake) characteristics
of the study population. We assessed for RLS based on the
International Restless Legs Syndrome Study Group (IRLSSG)
diagnostic criteria (11). We performed CGA to all of the
participants. We asked for sleep disorders, by asking whether
they had trouble falling asleep, staying asleep, or if they thought
they were having insufficient sleep or excessive sleepiness. We
assessed falls during previous year (if yes, how many times), and
fear of falling. We asked for chronic constipation using the Rome
IV criteria for the definition (12). We evaluated whether they
had urinary and/or fecal incontinence affecting daily life. Also,
we asked whether they suffer chronic pain that last for at least
three months. We checked all of the prescribed medications,
over-the-counter drugs and supplements and considered taking
>5 medications/day as polypharmacy. We assessed dysphagia
by simply asking whether subjects had difficulty in swallowing
food and/or drink.

We assessed basic Activities of Daily Living (ADL) via Katz ADL
index and Instrumental ADL by Lawton IADL scale (13,14). Katz
ADL is six-itemed and Lawton IADL is 8-itemed scales with a

score of zero means complete dependency and full points mean
complete independency, for both tests. We checked for frailty
via FRAIL (Fatigue, Resistance, Ambulation, Ilinesses, Loss of
weight) scale. FRAIL scale is a five-itemed questionnaire with
a scoring system of: 0 point means robustness, 1-2 points pre-
frailty and 3 or more points frailty (15). We assessed nutritional
status via Mini-Nutritional Assessment-Short Form (MNA-SF).
An MNA-SF score of <8 was interpreted as malnutrition, and
8-11 was interpreted as malnutrition risk (16). We evaluated
cognitive status via Mini-Mental State Examination (MMSE),
with a threshold of <24 points regarded as cognitive impairment
(17). We determined the degree of cognitive impairment
according to MMSE scores as follows: 21-24 points meant mild,
10-20 points moderate, and <10 points severe dementia. We
used Geriatric Depression Scale to screen depressive mood and a
threshold of >10 points was regarded as positive for depressive
mood (18). We also evaluated quality of life via EuroQol-5
Dimension-3 Levels questionnaire (EQ-5D-3L) descriptive
system. It consists of five domains (i.e., mobility, self-care, usual
activities, pain/discomfort and anxiety/depression) with three
levels of functioning (i.e., no problems, some problems or severe
problems). Higher scores reflect a reduced quality of life (19).

Measurements

We measured height and weigth using a standardized
stadiometer with participants wearing light clothing and no
shoes. We measured body weight and height to the nearest
0.1kg and 0.1 cm. We calculated body mass index (BMI) as weight
(kilograms) divided by height2 (meters). We evaluated sarcopenia
in line with the European Working Group on Sarcopenia in Older
People (EWGSOP2) guideline (20). Accordingly, we measured
handgrip strength via Jamar hydraulic hand dynamometer in
the sitting position, elbows in 90° flexion and wrist in neutral
position. We asked the participants to apply maximum grip
strength for three times with both hands. We considered
maximal grip strength as the grip strength value (21,22). We
used the cut-offs recommended by the EWNGSOP2 for low muscle
strength (<27 kg and 16 kg for males and females, respectively)
and defined having low muscle strength as “probable
sarcopenia” (20). We measured muscle mass via Tanita BC-532
bioimpedance analyzer (BIA). BIA provided fat-free mass (FFM)
and we calculated total skeletal muscle mass (SMM) by the
following equation: SMM (kg)=FFM x 0.566 (23). We adjusted
SMM for BMI to identify decreased muscle mass. Although
EWGSOP2 recommends the use of standard cut-off values for
appendicular SMMI, use of national total SMMI thresholds, if
available, is suggested for total SMM evaluation (24). The Turkish
older population SMMI thresholds was reported as 1.049/0.823
kg/BMI, for males and females, respectively (25). The presence of
both low muscle strength and low muscle mass was defined as
“confirmed sarcopenia”. We excluded the patients having certain
conditions that might prevent reliable assessment of handgrip
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strength (hand osteoarthritis, peripheral artery disease, stroke,
etc.) or FFM (metal implants, cardiac pacemakers, etc) from the
measurements stated. The geriatricians performed all of the
questionnaires and assessments on geriatric syndromes and a
qualified physiotherapist performed all of the measurements.

Statistics

We investigated whether the numerical variables distributed
normally or skew using visual (histograms and probability plots)
and analytical methods. We presented parametrical variables
as mean + standard deviation and non-parametrical variables
as median and interquartile range. We presented categorical
variables as numbers and percentages. We used the chi-square
test with Yates correction and Fisher's Exact test as appropriate
for categorical variables. We used independent samples t-test or
Mann-Whitney U test in order to compare differences between
two independent groups. We performed logistic regression
analyses to identify factors independently associated with RLS.
Before running regression analyses, we performed Pearson,
Spearman or Kendall's tau-b correlation analyses to check for
multicollinearity between independent variables expected to
have a close relationship with each other. We accepted a cut-
off p-value of <0.05 for statistical significance. We used the
Statistical Package for Social Sciences (SPSS) for Windows 21.0
program for statistical analysis.

Results

We included 492 older adults with 333 (67.7%) being female.
Median age was 73 (69-78). One-hundred fourty patients (28.5%)
had RLS diagnosis. Demographic and clinical characteristics of
the study group can be found in Table 1.

Subjects with RLS were younger; had higher percentage of
female gender, higher number of chronic illnesses and regular
drugs, and higher BMI (p-values were 0.007, 0.03, 0.02, 0.03,
and 0.03, respectively). According to the CGA findings, RLS
group had significantly higher prevalence of depressive mood,
fear of falling, frailty, reduced quality of life, polypharmacy and
sleep disturbance (p-values were 0.001, 0.04, 0.01, 0.004, 0.02
and <0.001; respectively). CGA findings can be found in Table 2.

We ran a multivariate analysis, defining the factors associated
with RLS (according to the univariate analyses) as independent
variables and found out that “"age" was the only factor
independently associated with RLS [Odds Ratio (95% Confidence
Interval) =0.9 (0.87-0.96); p<0.001]. Logistic regression analysis
findings are presented in Table 3.

Discussion

In this study, we found out that RLS patients had significantly
higher prevalence of geriatric syndromes like depression, fear of
falling, frailty, polypharmacy and sleep disturbance; and their
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Table 1. Demographic and clinical characteristics of the study
population (n=492)

Age (years) (med; IQR)
Gender (female) (n, %)

Education level (n, %)

73 (69-78)
333 (67.7%)

llliterate 133 (27.2%)
Primary school 197 (40.3%)
Secondary school 37 (7.6%)
High school 51 (10.4%)
University 71 (14.5%)
Marital status

Single 6 (1.3%)
Married 279 (58.4%)
Divorced 10 (2.1%)
Widow 183 (38.3%)
Tobacco use (n, %) 43 (9.19%)
Alcohol use (n, %) 18 (4.7%)
Number of chronic illnesses (med; IQR) 4 (2-5)
Number of regular drugs (med; IQR) 6 (4-8)

BMI (kg/m2) (mean + standard deviation) 30.4+5.9

BMI: Body mass index, med: Median, IQR: Interquartile range

quality of life significantly reduced compared to the subjects
without RLS. According to the logistic regression analysis, age
was the only independent factor associated with RLS, and it
seemed that individuals with very advanced age might be
suffering less from RLS in the older adult community.

RLS prevalence in our study was in line with the literature.
There are a few studies on RLS from Turkey reported a
prevalence range of 15-28% (7,26,27) in older population.
The prevalence and severity of RLS has known to be increased
with increasing age, as certain conditions that accompany RLS
are seen more frequent in advanced age; like chronic kidney
disease, chronic neurological disorders and use of medications
that are considered to exacerbate RLS. Likewise, "age" was the
only factor independently associated with RLS in our study,
but in an unexpected manner: Older age seemed protective for
RLS. In fact, there are a plenty of studies reporting increasing
prevalence by age (28,29), however this does not seem to be
the case in older adult population. Some studies reported an
increase up to 70 years and then a decrease in RLS prevalence
in older subjects (30-32). Also, certain studies conducted on
specifically older populations did not report an increase in RLS
prevalence with increasing age as well (33). Advanced age being
a favorable trait for RLS may be explained by “survival effect”
It is well-known that certain comorbidities like chronic kidney
disease or diabetes mellitus are companions of RLS, especially
when RLS is a late onset. Patients with these comorbidities
would have ended up with early mortality and the rest of the
long living seniors are probably more healthy and have less
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‘ Table 2. Comprehensive geriatric assessment findings of the study population ‘

Geriatric syndrome Total RLS (-) RLS (+) p-value
Sleep disturbance 195 (39.6%) 117 (33.2%) 78 (55.7%) <0.001
Falls in the previous year 198 (40.4%) 139 (39.6%) 59 (42.4%) 0.6
Fear of falling 219 (44.7%) 146 (41.7%) 73 (52.1%) 0.04
Malnutrition 125 (25.4%) 86 (24.4%) 39 (27.9%) 0.4
Frailty 99 (20.7%) 61 (17.8%) 38 (27.9%) 0.01
Sarcopenia (probable) 60 (12.5%) 17 (12.6%) 43 (12.4%) 0.9
Sarcopenia (confirmed) 31 (6.5%) 22 (6.4%) 9 (6.7%) 0.9
Dependency in ADL 139 (28.3%) 95 (27.0%) 44 (31.4%) 0.3
Dependency in IADL 154 (31.3%) 114 (32.4%) 40 (28.6%) 0.4
Dysphagia 40 (10.1%) 25 (8.9%) 15 (13.0%) 0.2
Urinary incontinence 200 (40.7%) 140 (39.8%) 60 (42.9%) 0.5
Fecal incontinence 22 (4.5%) 16 (4.5%) 6 (4.3%) 0.9
Constipation 129 (26.4%) 85 (24.4%) 44 (31.4%) 0.1
Cognitive impairment 44 (8.9%) 34 (9.7%) 10 (7.1%) 0.4
Depression 154 (48.3%) 94 (42.3%) 60 (61.9%) 0.001
Polypharmacy 309 (65.1%) 211 (61.9%) 98 (73.1%) 0.02
Chronic pain 287 (58.6%) 196 (56%) 91 (65%) 0.07
Reduced QoL 359 (80.0%) 244 (76.5%) 115 (88.5%) 0.004
ADL: Activities of daily living, IADL: Instrumental activities of daily living, QoL: Quality of life

Table 3. Multivariate analysis regarding factors independently
associated with RLS

Variables OR (95% ClI) p-value
Age 0.9 (0.87-0.96) <0.001
BMI 1.01 (0.9-1.1) 0.8
Depression 1.4 (0.8-2.5) 0.3
Decreased QoL 1.8 (0.8-4.3) 0.2

Fear of falling 0.9 (0.6-1.8) 0.9
Female gender 0.6 (0.31-1.14) 0.12
Frailty 1.7 (0.9-3.5) 0.1
Number of chronic diseases 1.02 (0.9-1.2) 0.8
Polypharmacy 1.7 (0.9-3.1) 0.1
Sleep disturbance 1.6 (0.9-2.8) 0.1

BMI: Body mass index, Cl: Confidence interval, OR: Odds ratio, QoL: Quality of life,
RLS: Restless leg syndrome, p-value of less than 0.05 was accepted as statistically
significant

comorbidity burden in their ageing period. In addition, the
older adults who applied to our outpatient clinic were mostly
those under the long-term follow-up of our clinic and whose
treatments for secondary causes of RLS are optimally arranged.
Apart from all these, some older adults in very old age might
have neglected their symptoms, or showed a stoic approach that
those sensations were a natural part of normal ageing process,
like chronic pain. Therefore, symptoms might be underreported
by older subjects.

Female predominance in RLS diagnosis in our study was
also consistent with the previous studies (28,30). Estrogens,

dopamine and RLS have a close relationship with each other; as
the prevalence of RLS significantly increases with pregnancy as
estrogen levels are rising (34). Estrogen acting as a dopamine
antagonist has been hypothesized as its role in RLS. However,
it was also suggested that fluctuations rather than absolute
level (as in pregnancy or perimenopausal period) might be the
main reason behind RLS tendency in female individuals (35).
In fact, there are surveys manifesting that nulliparous women
were at the same risk of RLS as same aged men, while the risk
was increased in direct proportion as the number of pregnancies
increased (36,37). There are other RLS studies reporting male
predominance as well (38). Although female subjects had
significantly higher numbers of RLS diagnosis, "female gender”
was not a risk factor for RLS, according to our regression analysis.

The secondary outcome of our study was to investigate the
relationship between RLS and geriatric syndromes and we found
out that older adults suffering RLS had higher prevalence of sleep
disturbance, depression, fear of falling, frailty, polypharmacy
and reduced Qol. RLS and mental health are considered to
have a "chicken and egqg" relationship: People with RLS often
have depression, anxiety, and other mental health issues.
And, people with depression or anxiety often have restless
legs (39). Clinical and epidemiological studies have reported
data supportive of this hypothesis (40). Increase in depressive
mood has been attributed to the RLS related sleep impairment
and its sequlae; as impaired sleep can create a loss of energy
and decreased daytime functionality, which are the somatic
symptoms of depression. Dopamine was also implicated in the
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causation of depression and treatment of RLS is thought to
improve depression in RLS (41). Several antidepressants that are
frequently been used in treatment of depression, like selective
serotonin re-uptake inhibitors or atypical antidepressants like
mirtazapine, were also reported to aggrevate RLS symptoms
(42). In our study, although there were significant relationships
between depressive mood and RLS, depression was not an
independent factor related to RLS.

Fear of falling has a significant importance in geriatric health.
It may develop after falls or without any falling experience and
may bring out significant negative outcomes like deconditioning,
decreased muscle strength and mass, increased risk of future
falls and mood disorders like depression and anxiety (43).
Although we did not find any relationship between RLS and
falls during past year, fear of falling was significantly more
prevalent in patient suffering RLS. This might be attributed to
the certain factors strongly associated with RLS that might also
be facilitators of previous falling episodes, like neuropathies or
Parkinson's disease. Again, the significant relationship between
fear of falling and RLS was disappeared after regression analysis.

Apart from depression and anxiety (fear of falling); RLS was
also significantly associated with reduced Qol, which is an
expected finding and consistent with the previous studies (6).
EQ-5D-3L has parameters assessing mobility, self-care, day-time
functionality, pain/discomfort and anxiety/depression, and most
of them were already demonstrated to have a close relationship
with RLS (8).

According to our findings, older patients with RLS were more
frail than subjects without RLS. To the best of our knowledge,
there is no study in the literature investigating the relationship
between these two common conditionsin older adult population.
We screened frailty via FRAIL scale; which comprises five items
questioning fatigue, resistance, ambulance, diseases and weight
loss. Patients with RLS have sleep disturbance, decreased sleep
quality, daytime sleepiness, fatigue and tiredness (8). Fatigue and
tiredness might affect daytime functioning and cause difficulty
and trouble in ambulation and climbing stairs. Furthermore,
we found out that RLS patients had higher number of chronic
comorbidities; therefore certain ones that are known to be
associated with RLS might have caused fourth item of FRAIL to
be positive. Finally, although there was no significant difference
between RLS and non-RLS groups in terms of MNA-SF results,
patients who had weight losses, but not malnourished according
to MNA-SF, might have iron, vitamin B12 or folate deficiencies,
which are known to be associated with RLS symptoms as well
(1). Indirect relationships stated above might have caused
the significant association found in univariate analysis; as
the relationship disappeared after adjustments in regression
analysis.
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Our analysis showed that the RLS group had a higher number
of medications and polypharmacy prevalence. Polypharmacy
has a strong relationship with adverse outcomes like decreased
physical performance, falls, fractures, disabilities, increased
hospitalizations and even mortalities in older adult population
(44,45). Several medications commonly used in the older
adult population are known to aggrevate RLS. According to
a literature review including 32 articles related to RLS, the
strongest evidence available for drug induced RLS are for the
following drugs: Escitalopram, fluoxetine, L-dopa/carbidopa,
pergolide, L-thyroxine, mianserin, mirtazapine, olanzapine and
tramadol (46). Commonly used medications in geriatric practice
(like metformin or proton-pump inhibitors) can cause decreased
appetite and oral intake or iron and vitamin B12 malabsorption,
hence develop RLS symptoms (47). Evaluating “the use of drugs
that might predispose to RLS" or "inappropriate medication
use”, rather than "polypharmacy” might reveal a significant
relationship with RLS, as the regression analysis revealed that
polypharmacy was not an independently associated factor with
RLS.

We found no relationship between RLS and urinary/fecal
incontinence, constipation and dysphagia. Similar to our
results, a retrospective analysis of a data deriven from older
adults have reported that although autonomic complaints
were significantly increased in RLS patients, there were no
differences between RLS and control groups in terms of urinary/
fecal incontinence, constipation and dysphagia (48). Finally, we
found out that RLS did not demonstrate an association with
sarcopenia, whether it was probable or confirmed. There are
very limited studies regarding sarcopenia and RLS relationship
in the literature. Giannaki et al. (49) conducted a study on
uremic RLS patients and assessed total muscle mass via dual
energy X-ray absorpsiometry and regional (thigh) muscle mass
via computerized tomography. They found out that total body
composition assessment did not show any differences between
the RLS and non-RLS groups; but thigh muscle total area,
muscle cross sectional area (CSA) and the level of muscle fat
infiltration were significantly reduced in the RLS group. There
were no differences in terms of physical performance (evaluated
via walking test and sit-to-stand tests) (49). According to a
Japanese study conducted on 1592 older adults, sarcopenia
(evaluated via Asian Working Group for Sarcopenia definitions)
was significantly associated with difficulty initiating and/
or maintaining sleep; but there was no subgroup analysis for
RLS patients (50). In fact, the relationship between RLS and
incontinence, constipation, dysphagia and sarcopenia might
seem a little bit forced. However, as previously mentioned, there
are studies reporting autonomic dysfunction in RLS patients and
this might end up with dysphagia, incontinence or constipation
(48). In addition, several conditions like neurodegenerative
disorders (like Parkinson's disease) or neuropathies might also
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be underlying causes for sarcopenia. Therefore, we wanted
to include these geriatric syndromes in the CGA and search
whether they have an independent association with RLS. As
such, further studies are needed to clarify the exact relationship
between RLS and stated geriatric syndromes.

Although there is no study that comprehensively examines the
relationship between RLS and geriatric syndromes like our study,
some of them studied RLS and certain geriatric syndromes
relationship in older adults. In a Turkish study; depressive mood,
sleep quality, sleep duration, and difficulty in falling asleep were
all significantly associated with RLS; but the relationship did
not persist in regression analysis, except for sleeping less than 6
hours/day (26). An American study including 1008 older adults
reported that patients with RLS demonstrated increased risk of
chronic pain, three or more chronic medications, frequent falls,
sleep disturbances and decreased functionality (51). According
to a French study comprising of 318 older subjects, participants
with RLS had significantly higher anxiety and depression
scores, lower cognitive performances and greater hypnotic and
antidepressant medications (4). A cross-sectional case-control
study from China reported similar results, as RLS patients had
higher prevalence of anxiety and depression and to some extent,
coghitive impairment (8). In fact, there was no significant
difference between MMSE scores of the RLS and control groups;
however Montreal Cognitive Assessment (MoCA) performance
was poorer in subjects with RLS. Authors discussed this finding
as MoCA had a greater sensitivity in identifying mild cognitive
impairment compared to MMSE, and it may have detected some
of the subjects with mild cognitive impairment in this group (8).
In fact, the relationship between RLS and cognitive function is
controversial in the literature. Some studies have reported that
cognitive decline caused by RLS was related to sleep disturbance
or depression, while others have shown that there is no clear
relationship between them and that the exact mechanism is
unknown (52). In our study, there was no significant relationship
between RLS and MMSE performance. Hence, more studies are
needed to identify whether RLS has an effect on cognitive
functions.

Study Limitations

This study has some limitations. Firstly, because of its cross-
sectional design, a causal-effect relationship cannot be claimed.
The study population consisted of the older adults admitted to
an outpatient clinic of a tertiary hospital, and most of them were
under long-term follow-up. Therefore, the findings of this study
cannot be generalized to the whole older adult community.
Furthermore, due to the subjective evaluation of RLS, “recall
bias" might have affected the results. In order to minimize it,
we used the most commonly used diagnostic criteria for RLS
diagnosis, and excluded individuals getting MMSE scores lower
than 21. To the best of our knowledge, this is the first study

assessing the relationship between RLS and a list of geriatric
syndromes as a whole, in an older adult population.

Conclusion

RLS is a prevalent, but mostly unquestioned and underdiagnosed
sleep disorder in older adults. According to our analyses, RLS
had a significant relationship with certain geriatric syndromes
like depression, fear of falling, frailty, polypharmacy and sleep
disturbance and it was closely related to reduced QoL. Although
RLS prevalence is known be increasing by age, this may not apply
to very old ages and advanced age in this particular population
may be somewhat protective for suffering RLS. Further
comprehensive studies with larger older adult populations are
warranted in order to identify exact relationships and underlying
mechanisms.
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