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Risk factors for dementia in Parkinson’s Disease  
— the overuse of anticholinergic drugs

Jakub J. Malkiewicz1 , Amadeusz G. Kasprzyk2, Damian Waksmundzki2, Julia Węgrzynek3,  
Tomasz Chmiela1 , Joanna Siuda1

1Department of Neurology, Faculty of Medical Sciences in Katowice, Medical University of Silesia, Katowice, Poland 
2Students’ Scientific Association, Department of Neurorehabilitation, Faculty of Medical Sciences in Katowice,  

Medical University of Silesia, Katowice, Poland 
3Students’ Scientific Association, Department of Neurology, Faculty of Medical Sciences in Katowice,  

Medical University of Silesia, Katowice, Poland

ABSTRACT

Aim of the study. To determine the risk factors for dementia in a group of patients with Parkinson’s Disease (PD), especially the 
effect of the anticholinergic burden assessed according to the Anticholinergic Cognitive Burden scale (ACB) and the CRIDECO 
Anticholinergic Load Scale (CALS).

Clinical rationale for the study.  To provide information about factors associated with Parkinson’s Disease dementia (PDD), 
especially the anticholinergic burden and testing the effect of both scales in an assessment of the anticholinergic burden in 
this group of patients.

Material and methods. A retrospective and cross-sectional analysis of medical records of patients with Parkinson’s Disease 
admitted to the Neurology Department of the Medical University of Silesia, Katowice, Poland between 2019 and 2021 was 
performed. We found 418 patients with a diagnosis of PD, but 80 were excluded due to lack of a cognitive function assessment. 
Based on MMSE score, the remaining 338 patients were divided into two groups of patients with, and without, PDD. Next, demo-
graphic and clinical data was collected. The anticholinergic burden was assessed using the ACB and the CALS scales. According 
to the authors of these scales: if a scale score is of three or more points, this should be considered as  a significant anticholinergic 
burden. Multiple logistic regression with backward elimination was used to assess factors significantly related to the presence 
of dementia, and two different models were used for both scales assessing the anticholinergic burden.

Results. 62 (18.3%) patients were diagnosed with PDD. Overall significant anticholinergic burden (≥ 3 points) was found in 
31.95% of patients using CALS and in 18.93% using ACB. Anticholinergic burden was higher in patients with dementia (CALS 50 
vs. 27.90%, p < 0 .001, ACB 43.5 vs. 13.41%, p < 0.001). According  to both models, the factors significantly related to dementia 
were: age [ACB OR 1.114 (1.062–1.170), p < 0.001, CALS OR 1.123 (1.070–1.178), p < 0.001], significant anticholinergic burden 
[ACB OR 3.433 (1.746–6.750), p < 0.001, CALS OR 2.166 (1.157–4.055), p = 0.016] disease severity in the Hoehn-Yahr scale [ACB 
OR 1.752 (1.197–2.565), p = 0.004, CALS OR 1.831 (1.256–2.670), p = 0.002] and atrial fibrillation [ACB OR 5.593 (1.417–22.083), 
p = 0.014, CALS OR 5.159 (1.314–20.254), p = 0.016]. 

Conclusions and clinical implications. The anticholinergic burden is larger in PDD patients compared to PD patients without 
dementia. CALS or ACB scales are helpful in this risk assessment and might be crucial to avoid the development of PDD, espe-
cially in older PD patients with multimorbidities.

Key words: anticholinergic burden, anticholinergic drugs, Parkinson’s Disease, dementia, cognitive impairment, anticholinergic 
burden scale, risk factors
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Introduction

Lewy body disease, including Parkinson’s Disease dementia 
(PDD) and dementia with Lewy bodies (DLB), is one of the 
leading causes of cognitive impairment. The prevalence of de-
mentia in  Parkinson’s Disease is c.30% and 3–4% of all patients 
with dementia have PDD [1]. In the course of PD, dementia 
usually occurs as a late, non-motor symptom. Dementia in PD 
is observed 2–6 times more frequently compared to the gen-
eral population of the same age [1, 2]. The problem of PDD is 
especially important due to the fact that PD is the second most 
common neurodegenerative disease and that up to 80% of PD 
patients develop dementia [1–3]. Thus, cognitive impairment is 
a significant burden in this population, and significantly affects 
quality of life not only for patients, but also for caregivers [4]. 

A key aspect of developing effective preventive approaches 
is to identify possible strategies to modify risk factors for the 
development of dementia. There are many proposed risk fac-
tors of cognitive decline related to PD including: longer disease 
duration, older age at PD onset, male gender, disease severity, 
speech impairment, postural-instability-gait disorder subtype, 
hallucination, depression, blood pressure abnormality related 
to dysautonomia, REM sleep behaviour disorder, vascular 
risk factors, hyperhomocysteinemia, anticholinergic burden, 
lower level of education, low cerebrospinal fluid levels of 
amyloid-β42, and mutations in GBA, APOE4 or SNCA genes. 
However, the data from these publications is not consistent and 
some risk factors have been found only in single studies [5–13].

Neurochemically, the most significant deficit seems to be 
cholinergic, which is consistent with the view that the cholin-
ergic system is crucially involved in cognitive function, with 
cholinergic dysfunction playing a pivotal role in the patho-
physiology of dementia [14]. Anticholinergic drugs, which 
impair cholinergic pathways, are commonly used in clinical 
practice for the management of many conditions affecting 
older adults [15–17].

They affect many organs, causing adverse effects such 
as dry mucous membranes, constipation, urinary retention, 
delirium, orthostatic hypotension, as well as cognitive de-
cline, which is the major problem associated with long-term 
exposure to substances having anticholinergic activity. Taking 
more than one anticholinergic drug has a cumulative effect 
and the sum of exposure to these drugs is called the ‘anticho-
linergic burden’ [16, 18, 19]. Some studies have suggested an 
association between anticholinergic drugs use and cognitive 
decline in PD [8, 9]. 

Therefore, there was a need to develop standardised meth-
ods for assessing the exposure to anticholinergic drugs and 
their impact on cognitive impairment. Multiple scales have 
been created, although there are significant discrepancies 
among them with regard to anticholinergic drugs and their 
anticholinergic potency [16, 20, 21]. One of the most common-
ly used is the Anticholinergic Cognitive Burden scale (ACB), 
published in 2008 and updated in 2012 [22–24]. A systematic 

review from 2015, which compared seven anticholinergic 
rating scales, showed the ACB with 88 drugs as the most 
frequently validated scale [24]. Also, research conducted 
by Lisibach et al. assessed ACB as the highest rated in the 
following domains: rigour of development, clarity of pres-
entation, and applicability. With  the German anticholinergic 
burden scale, it has reached the highest overall assessment 
[16]. Ramos et al. in their recent study devised the CRIDECO 
Anticholinergic Load Scale (CALS) for assessing anticholin-
ergic load. They found an association between anticholinergic 
burden measured with CALS and cognitive impairment in 
patients with a subjective memory complaint, which was not 
confirmed using the ACB scale [20].

Clinical rationale

The aim of our study was to determine the risk factors 
for dementia in a group of patients with PD, especially the 
effect of the anticholinergic burden, and to compare the an-
ticholinergic burden assessed according to the ACB scale and 
the CALS. To the best of our knowledge, this is the very first 
study to evaluate anticholinergic burden in patients with PD 
with the use of CALS. Our study provides information about 
potential risk factors related to PDD and tests the effect of the 
new tool in the assessment of anticholinergic burden in this 
group of patients, which will be important for future research 
and clinical management of PD.

Material and methods

We performed a retrospective and cross-sectional analysis 
of all consecutive patients diagnosed with PD and admitted 
to the Central Clinical Hospital of the Medical University 
of Silesia in Katowice, Poland between January 2019 and 
December 2021. The diagnosis, according to the current MDS 
criteria [25], was confirmed by movement disorders special-
ists. The initial group consisted of 418 patients. 80 patients 
were excluded due to lack of a cognitive function assessment. 
Based on the results of the neuropsychological assessment, the 
338-strong study group was divided into PD with a diagnosis 
of dementia (MMSE score < 24 and cognitive dysfunction 
which interferes with the activities of daily living) and PD 
without a diagnosis of dementia (MMSE score ≥ 24). Other 
tests used in the cognitive function assessment included: the 
Stroop test, a trail making test, and a clock drawing test. The 
Addenbrooke’s Cognitive Examination-Revised test was also 
used in some patients in the analysed period. In all cases, the 
patients’ cognitive status was assessed in the ‘ON’ state, i.e.: 
1–2 hours after taking the usual dose of dopaminergic drugs 
and with activated deep brain stimulation (if applicable).

The final study group consisted of 338 patients compris-
ing 206 (61%) males and 132 (39%) females average age of 
67 (61–72), aged from 35 to 86 years. The collected clinical 
data comprised sex, age, body mass index (BMI), duration 
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of PD, the assessment of motor status with part III of the 
MDS-UPDRS scale (Movement Disorder Society — Unified 
Parkinson’s Disease Rating Scale) [26] performed without 
dopamine replacement therapy (DRT) and after the admin-
istration of a dose of levodopa, a rating on the Hoehn-Yahr 
scale, an assessment of cognitive function using the Mini 
Mental State Examination scale (MMSE), and the presence of 
depression (Beck Depression Inventory ≥ 14 pts). Data about 
daily levodopa equivalent dose (LEDD) was also collected 
[27]. An analysis of the laboratory results regarding thyroid 
function, lipid profile, homocysteine, vitamin D3, vitamin 
B12 and folate was conducted, and data on current treatment 
and comorbidities was collected. Anticholinergic burden 
was assessed using the  CALS scale and the updated version 
of the ACB scale, with cut-off points as recommended by the 
authors [20, 22, 23]. ACB classifies drugs according to their 
serum anticholinergic activity or in vitro binding affinity with 
muscarinic receptors and clinically established anticholinergic 
adverse effects, and scores each drug from 0 to 3 points. A score 
from summation ≥ 3 is considered clinically relevant [20–24]. 
CALS is a scale based on a synthesis of the other scales found 
in a systematic review of the literature and includes 217 an-
ticholinergic drugs each scoring 1–3 points according to their 
anticholinergic potency  where 1 = low, 2 = medium, and  
3 = high. A score from summation ≥ 3 is considered clinically 
relevant [20].

Statistical analysis was performed using STATISTICA 
13 PL software (Tibico Software Inc.). Quantitative varia-
bles were presented as an arithmetic mean and a standard 
deviation (normally distributed variables) or a median and 
the interquartile range (variables of not normal/skewed 
distribution). The normality of distribution was assessed 
with the Shapiro–Wilk test. Qualitative variables were 
presented as absolute values and percentages. Intergroup 
differences for the quantitative variable were assessed us-
ing the U-Mann–Whitney or t-Student test, respectively. 
For qualitative variables, a chi-square test (Chi2), or a chi 
square test with Yates correction (Chi2YC) were used.  Due 
to multiple comparisons, the Bonferroni correction was 
applied and a p-value of 0.002 was considered as signifi-
cant, however the traditional cut-off point of 0.05 was also 
taken into account. Next, selected variables with p-value  
< 0.05 were analysed using a backward stepwise logistic 
regression model to evaluate risk factors associated with the 
occurrence of PDD, and two alternative models were built 
for ACB and CALS. The results of logistic regression were 
presented as odds ratios (OR) with 95% confidence intervals 
(CI) and Nagelkerke’s R2. The Hosmer–Lemeshow test was 
also performed to assess goodness of fit of final logistic re-
gression models; its insignificant value (p > 0.05) suggests 
that the model was well-fitted. McNemar’s and  Cohen’s 
kappa coefficients were used to compare scales. Agreement 
in Cohen’s kappa was interpreted in the following way: < 0.00: 
poor; 0.00–0.20: slight; 0.21–0.40: fair; 0.41–0.60: moderate; 
0.61–0.80: substantial; and 0.81–1: almost perfect.

Due to the retrospective character of this work and 
data anonymisation, the Ethics Committee of the Medical 
University of Silesia waived the requirement to obtain ethical 
approval for this study.

Results 

In the study group, 62 (18.3%) patients with PD were di-
agnosed with dementia. The group with dementia was older 
[72 (68–75) vs. 66 (57.5–71.5) years, p < 0.001] and presented 
a longer PD duration [11 (7.5–14) vs. 7 (3–12) years, p = 0.001] 
than patients without dementia. Demented patients displayed 
higher MDS-UPDRS part III scores both with [24.5 (18–32) 
vs. 16 (9–25), p < 0.001] and without dopamine replacement 
therapy [44 (40–58) vs. 36 (24.5–48), p < 0.001] and a higher 
Hoehn-Yahr score [3 (3–4) vs. 3 (2–3), p < 0.001], as well as 
LEDD [1.110 (605–1.500) vs. 720 (350–1.335) mg, p = 0.008].

Patients with PDD were characterised by a statistical-
ly higher occurrence of hypertension (58.06 vs. 42.91%,  
p = 0.030), atrial fibrillation (AF) (8.06 vs. 1.81%, p = 0.027), 
and the presence of two or more of the listed vascular risk fac-
tors [stroke/transient ischaemic attack (TIA), insert abbrevia-
tion (IHD), AF, arterial hypertension, and diabetes mellitus] 
(30.65 vs. 18.48%, p = 0.033) than the group of  PD patients 
without dementia, although after the application of Bonferroni 
correction the differences did not reach statistical significance. 
They also displayed a higher frequency of anticholinergic 
burden defined by results ≥ 3 of the CALS (50 vs. 27.90%,  
p < 0.001) and ACB (43.5 vs. 13.41%, p < 0.001) scales. Overall, 
108 (31.95%) patients had a significant anticholinergic burden 
according to CALS and 18.93% according to ACB. There was 
81.7% agreement between the scales in terms of an assessment 
of a significant burden (Cohen’s kappa = 0.53, moderate agree-
ment). The difference between the numbers of patients who 
were found to have ≥ 3 points in both scales was significant in 
McNemar’s test p < 0.001. 51.5% and 43.5% of patients took at 
least one anticholinergic drug according to CALS and ACB, 
respectively. All anticholinergic drugs according to CALS and 
ACB are set out in Supplementary Table 3.

PD patients with dementia showed lower BMI 
[24.15 (21.47–25.71) vs. 25.96 (24.02–29.05) kg/m2, p = 0.01], 
lower total cholesterol (187.14 ± 47.37 vs. 204.49 ± 48.24 mg/ 
/dL, p = 0.013), lower LDL-cholesterol (LDL) (109.64 ± 39.16 vs. 
123.42 ± 41.34 mg/dL, p < 0.028), and higher homocysteine 
level [16.22 (13.46–20.71) vs. 13.77 (11.2–17.1) μmol/L,  
p = 0.009], but statistical significance after the application 
of Bonferroni correction was not reached. There were no 
significant differences in terms of the sex of patients in any 
performed laboratory tests. No statistical difference was ob-
tained in comorbidities such as diabetes mellitus, depression, 
past acute cerebrovascular conditions (stroke, TIA, SAH), isch-
aemic heart disease, valvular defect, cancer (past or current) 
or respiratory system diseases (asthma, chronic obstructive 
pulmonary disease, pneumoconiosis). A detailed comparison 
of both groups is set out in Table 1.



408

Neurologia i Neurochirurgia Polska 2023, vol. 57, no. 5

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Table 1. Characteristics of quantitative and qualitative demographic and clinical variables comparing non-demented PD with PDD

Non-dementia PD PDD P-value

Age, years 66 (57.5–71,5) 72 (68–75) < 0.001

Duration of disease, years 7 (3–12) 11 (7.5–14) 0.001

BMI, kg/m2 25.96 (24.02–29.05) 24.15 (21.47–25.71) 0.01

Hoehn-Yahr scale 3 (2–3) 3 (3–4) < 0.001

MDS-UPDRS part III ‘OFF’ 36 (24.5–48) 44 (40–58) < 0.001

MDS-UPDRS part III ‘ON’ 16 (9–25) 24.5 (18–32) < 0.001

LEDD, mg 720 (350–1,335) 1,110 (605–1,500) 0.008

Total cholesterol, mg/dL 204.49 ± 48.24 187.14 ± 47.37 0.013

HDL cholesterol, mg/dL 59.05 (51.0–70.6) 56.05 (44.2–67.9) 0.118

LDL-C cholesterol, mg/dL 123.42 ± 41.34 109.64 ± 39.16 0.028

Triglycerides, mg/dL 85.6 (65–115) 79.8 (64.0–96.1) 0.117

TSH, μIU/mL 1.47 (1.03–2.13) 1.21 (0.93–1.80) 0.066

Vitamin B12, pg/mL 344 (252–449.5) 367 (264.8–476.5) 0.405

Vitamin D3, ng/mL 25.7 (17–33) 22.0 (14–37) 0.354

Folic acid, ng/mL 6.66 (4.84–8.96) 6.63 (4.72–10.50) > 0.5

Homocysteine, μmol/L 13.77 (11.2–17.1) 16.22 (13.46–20.71) 0.009

Sex, % male 61.96 56.45 0.422

DBS, % 8.33 6.45 > 0.5

Depression, % 13.41 19.35 0.244

Diabetes, % 12.32 19.67 0.146

CALS ≥ 3, % 27.90 50 < 0.001

ACB ≥ 3, % 13.41 43.5 < 0.001

HT, % 42.91 58.06 0.030

Stroke/TIA/SAH, % 4.56 4.84 > 0.5

IHD, % 14.49 17.74 > 0.5

Cancer (active or in history), % 3.76 9.68 0.09

AF/AFl, % 1.81 8.06 0.027

Heart valves defect, % 3.76 8.06 0.233

Asthma/COPD/pneumoconiosis, % 3.63 4.84 > 0.5

> 1 RF of dementia (without LDL), % 18.48 30.65 0.033

BMI — body mass index; LEDD — daily levodopa equivalent dose; DBS — deep brain stimulation; ACB — Anticholinergic Cognitive Burden scale; AF — atrial fibrillation; AFI — atrial flutter; CALS — CRIDECO 
Anticholinergic Load Scale; IHD — ischemic heart disease, COPD — Chronic Obstructive Pulmonary Disease; RF — risk factors

Variables including age, disease duration, assessment of 
disease severity in the Hoehn-Yahr scale, LEDD, presence of 
arterial hypertension, AF, and the presence of more than one 
vascular risk factor (stroke/TIA, ischaemic heart disease, AF, 
arterial hypertension, and diabetes mellitus) were included 
in the stepwise logistic regression analysis to assess their 
association with the occurrence of PDD in two alternative 
models for ACB and CALS scales. The Hoehn-Yahr scale and 
MDS-UPDRS are measures of disease severity and we decided 
to use the Hoehn-Yahr scale in regression analysis due to its 
simplicity. BMI and homocysteine were not included due 

to data incompleteness. Total cholesterol and LDL were not 
included due to lack of data in some cases and a possible as-
sociation with malnutrition that can occur in advanced PD 
and can coexist with dementia and older age [28–30].

The influences of age, anticholinergic burden, higher 
Hoehn-Yahr stage, and AF were confirmed in both models as 
set out in Table 2. The Hosmer–Lemeshow test revealed that 
both models were well-fitted (CALS p = 0.23, ACB 0 = 0.49). 
Nagelkerke’s R2 were 0.265 and 0.293, respectively. OR for 
assessment of anticholinergic burden in CALS ≥ 3 was lower 
than for ACB ≥ 3 [2.166 (1.157–4.055) vs. 3.433 (1.746–6.750)]. 
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Table 2. Results of logistic regression with risk factors of PDD with ACB and CALS

ACB (Nagelkerke’s R2 = 0.293)

OR 95% CI P-value

Age, years 1.114 1.062 1.170 < 0.001

ACB > 2 3.433 1.746 6.750 < 0.001

Hoehn-Yahr scale 1.752 1.197 2.565 0.004

AF/AFI 5.593 1.417 22.083 0.0140

CALS (Nagelkerke’s R2 = 0.265)

OR 95% CI P-value

Age, years 1.123 1.070 1.178 < 0.001

CALS > 2 2.166 1.157 4.055 0.016

Hoehn-Yahr scale 1.831 1.256 2.670 0.002

AF/AFI 5.159 1.314 20.254 0.019
OR — odds ratio; CI — confidence interval; ACB —Anticholinergic Cognitive Burden scale; AF — atrial fibrillation; AFI — atrial flutter; CALS — CRIDECO Anticholinergic Load Scale

Discussion

It is well established that age, sex and genetic pre-
dispositions are non-modifiable risk factors of dementia 
development, not only in Alzheimer’s Disease, but also in 
PD. Age is the primary risk factor for developing dementia 
including PDD, and it was significantly associated with the 
presence of cognitive impairment in our study [5, 7, 31]. 
There has beendata suggesting that sex is an important risk 
factor for dementia. However, this was not found in our 
study. Unlike Alzheimer’s Disease, male gender is a risk 
factor for PDD and it is associated with its faster progression 
[31]. Lack of association between male sex and dementia 
might be potentially interplayed with the chosen method 
of cognitive function assessment. A meta-analysis of risk 
factors for PDD by Xu et al. indicated that advancement 
of motor symptoms measured with MDS-UPDRS part III 
scale correlates with the occurrence of PDD. However,  that 
research presented no association with higher score in the 
Hoehn-Yahr scale. Other studies, like the one performed by 
Guo, have found it to be a predictor of cognitive impairment 
in PD besides MDS-UPDRS part III [7, 32]. In line with 
this result, Marinus et al. have described a higher severity 
of motor symptoms in both scales as being independently 
associated with the occurrence of non-motor symptoms, 
with PDD and cognitive impairment among these [2]. AF 
is a condition frequently mentioned as contributing to 
dementia development in the general population, in post-
stroke patients, in patients with Alzheimer’s Disease, and 
in patients with vascular dementia [33]. It is also one of 
the most common comorbidities in PD patients, and some 
research considers AF to be even more frequent in PD 
patients than in the general population [34, 35]. However, 
data confirming its potential association with PDD is scarce  
[36]. Our study suggests that AF might be a potential risk 
factor for PDD, something which should be considered in 

future studies, but there is also a possibility that the relation 
of AF and cognitive functions could be related to some 
potential risk factors not assessed in our study. 

 Vascular risk factors, other than AF/AFI, have also been 
considered as risk factors for PDD, but the significance for 
the development of PDD differs between studies [6, 7, 37]. 
However, our study did not display any significant difference 
in vascular risk factors between PD patients with and without 
dementia, which seems to be in agreement with a large Swedish 
study which revealed that PDD is less associated with diabetes 
mellitus and ischaemic heart disease compared to Alzheimer’s 
Disease [37].  

Literature data suggests that an increased blood level of 
homocysteine, frequently present in PD patients, is related to 
levodopa therapy [11] and is associated with cognitive decline. 
However there was no significant difference in homocysteine 
level between the groups in our study [11].

It is known that patients with PD show poorer cognitive 
performance if they are assessed in the ‘OFF’ state. Data from 
the literature suggests that dopaminergic treatment does not 
have any negative effects on cognitive function, but also might 
reduce the risk of cognitive decline in PD patients [38, 39]. 
However, there were no statistically significant negative or 
positive effects of LEDD in our study.

In 1996, Pondal et al. in a small sample of patients identi-
fied long-term anticholinergic therapy as a risk factor for de-
mentia in PD [40]. In 2009, Ehrt et al. published a prospective 
study which displayed a larger decline in MMSE for patients 
taking anticholinergics [8]. Also, a large retrospective study 
from Taiwan revealed that patients with a high cumulative dose 
of anticholinergics had a higher risk of developing dementia 
[9]. On the other hand, some studies have not found any asso-
ciation between anticholinergics and cognitive decline in PD 
patients. However, their authors did suggest that this could be 
related to factors such as a low anticholinergic burden in the 
analysed group or a short follow-up [41–43]. 
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Our study is in agreement with parts of the previously 
acquired data, and suggests that the anticholinergic burden 
is related to worsening of cognitive function in this group of 
patients. However, it is not possible to conclude that the an-
ticholinergic burden is related to long-term cognitive decline. 
The differences between studies might be explained by various 
ways of assessing the anticholinergic burden and cognitive 
function, as well as differences in the assessed populations 
and study designs.

In two studies using ACB, 15.5–18.5% of patients had more 
than 2 points and 41.5–46.3% took at least one anticholinergic 
drug; these seem to be similar results to those in our study 
[42–44]. Geriatric patients from the same area of Poland 
hospitalised in a geriatric ward had a lower anticholinergic 
burden (ACB ≥ 3 13.98%, ACB ≥ 1 40.73%) than PD patients 
from our study, which might suggest that the topic is especially 
relevant for PD patients [45]. In the study population, 15 pa-
tients had used biperiden, known to be a medication having 
a strong anticholinergic effect, which is marked by the highest 
score in CALS, but however was not included in the ACB scale 
[22, 23]. According to the  2017 National Institute for Health 
and Care Excellence (NICE) guidelines for the diagnosis and 
management of Parkinson’s Disease in adults, there is no in-
dication to use anticholinergic medications in the treatment 
of motor symptoms in PD [19, 46]. Among medicaments 
presenting a medium anticholinergic potency in CALS and 
ACB, the greatest importance was attached to amantadine 
with 76 cases [20]. Amantadine is not only an antagonist of 
the N-Methyl-d-aspartate (NMDA) receptor, but also improves 
striatal dopaminergic signalling owing to the inhibition of 
dopamine reuptake [47]. It is widely used as a second-line 
drug in PD treatment in spite of the (often anticholinergic) 
adverse effects [35]. The NICE guidelines note no evidence of 
improvement of motor symptoms or activities of daily living 
when applying amantadine to treatment, but suggests consid-
ering amantadine if “dyskinesia is not adequately managed by 
modifying existing therapy” [19].

Other anticholinergics with high or medium potency in-
clude psychiatric drugs, medications for urinary incontinence, 
which poses a significant problem in PD, and tramadol, which 
is a common analgesic drug.

The basis of pharmacological treatment of motor symp-
toms in PD remains levodopa, which revolutionised oppor-
tunities to fight this incurable disease. Additional drugs used 
in this indication belong to dopamine agonists, monoamine 
oxidase B inhibitors (MAO-B inhibitors), or catechol-O-me-
thyl-transferase inhibitors (COMT inhibitors) which ensures 
an extension of an effective treatment and L-dopa sensitivity 
in patients. Both Levodopa-carbidopa and alternative med-
ications such as entacapone belonging to COMT inhibitors,  
selegiline as a representive of MAO-B inhibitors, or rotigo-
tine and pramipexole which belong to dopamine agonists, 
are assigned to the group with low anticholinergic potency 
according to CALS, but not according to ACB [20]. In the 

conducted research, the above-mentioned drugs have been 
used by the vast majority of patients. Though low scores are 
attributed to these drugs (1 point in CALS) their frequent usage 
in many combinations causes a considerable increase in the 
anticholinergic burden measured by CALS in patients with PD. 

As many as 92% of geriatric patients with PD are charac-
terised by multimorbidities [35]. It has been shown that more 
than half of them struggle with polypharmacy i.e. taking 5+ 
drugs [48]. The common practice is that geriatric PD patients 
have on average more than eight drugs prescribed [49]. To  
avoid the deterioration of cognitive function, it seems to be 
necessary to apply the treatment with a low anticholinergic 
potential in PD patients who are already at increased risk of 
dementia development. ARS like CALS or ACB may provide 
a valuable tool in avoiding harmful side effects of anticholin-
ergics in PD patients. Another tool, which may increase drug 
safety in PD patients and reduce the anticholinergic burden, 
could be lists of inappropriate drugs for geriatric patients like 
the Fit fOR The Aged (FORTA) Classification, Beer’s Criteria, 
the START/STOPP list, or the PRISCUS list [35, 49]. 

In terms of the anticholinergic burden,  the most relevant 
seems to be the conversion of medications with high or me-
dium potency to equivalents with low or no anticholinergic 
potency where possible. This concerns all of the above PD- 
-specific drugs, including biperiden (displaying high potency) 
and amantadine (presenting medium anticholinergic potency) 
which, due to their negligible action, should be replaced with 
dopamine agonists or a levodopa therapy. Similarly, other 
medications should be considered for conversion for fear of 
an increased risk of cognitive deterioration. 

Some drugs having medium to high anticholinergic po-
tency in CALS (amitriptyline, clozapine, olanzapine or aman-
tadine) are in group D (‘avoid’) in the FORTA Classification. 
Considering that, it seems reasonable to follow the current 
guidelines concerning diagnosis and treatment combined 
with the use of an ARS like CALS. This will allow effective 
treatment of PD patients and, despite multimorbidities and 
polypharmacy, will permit many of them to avoid dementia. 

Our study has some limitations. The first is its retrospective 
and cross-sectional design, meaning that it is impossible to 
conclude that anticholinergics are related to dementia or only 
worsening cognitive function which could be reversed after 
discontinuation of the the anticholinergic drugs. 

Secondly, due to data incompleteness, it was impossible 
to take into account the following potential risk factors: gene 
mutations, hallucinations, white matter lesions or increased 
homocysteine. 

The next major limitation of this study was the method of 
statistical analysis, where the cognitive function assessment 
was based on total MMSE score with a cut-off of 24 points. 
However, the diagnosis of PDD was based on a neuropsycholo-
gist’s opinion and DSM-IV criteria where all demented patients 
had been confirmed by a caregiver as having a significant 
interference of cognitive dysfunction with their activities of 
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daily living. This is not a precise method to assess cognitive 
function in PD, although it is included in the Level 1 MDS Task 
Force Criteria for PD dementia diagnosis [1, 50]. Other scales 
for cognitive function assessment were also used for clinical 
purposes during psychological assessment. However, due to 
their high heterogeneity in the analysed period and the better 
accessibility of the MMSE results, we decided not to include 
them in our analysis. All PD patients with a cut-off of 24 points 
had dementia, but the number of patients with a diagnosis 
of mild PDD might have been underestimated in our study. 

Clinical implications/future directions

Older age, greater severity of disease, AF, and anticholin-
ergic burden were all significantly associated with the presence 
of of PDD in our study.  Our study results suggest that both 
the ACB and the CALS scales are valid for the assessment of 
anticholinergic burden, although CALS contains a wider list 
of medications. 

The results of our study have clinical implications because 
they suggest that anticholinergics, which are commonly used 
in the PD population, are associated with cognitive dysfunc-
tion, which is one of the most important non-motor symptoms 
related to increased mortality and significantly affects the qual-
ity of patients’ lives and those of their caregivers [4]. However, 
we could not conclude that anticholinergics cause PDD, due 
to the cross-sectional design of our study and the potential 
reversibility of their effect after proper drug adjustments. 

This implies that proper drug management using tools such 
as CALS or ACB might be crucial to avoid the development of 
cognitive decline, especially in older patients with multimor-
bidities and advanced PD. Avoiding anticholinergics might also 
prove beneficial in the context of other non-motor symptoms 
such as orthostatic hypotension, delirium or constipation, 
which they can exaggerate [18, 19].  There is an overwhelming 
need for in-depth studies of the anticholinergic burden in the 
context of PPD, and especially large prospective studies. 

Conflicts of interest: None.
Funding: None.

References

1. Emre M, Aarsland D, Brown R, et al. Clinical diagnostic criteria for 
dementia associated with Parkinson’s disease. Mov Disord. 2007; 
22(12): 1689–707; quiz 1837, doi: 10.1002/mds.21507, indexed in 
Pubmed: 17542011.

2. Marinus J, Zhu K, Marras C, et al. Predictors of dementia in Parkinson’s 
disease; findings from a 5-year prospective study using the SCO-
PA-COG. Parkinsonism Relat Disord. 2014; 20(9): 980–985, doi: 
10.1016/j.parkreldis.2014.06.006, indexed in Pubmed: 25024059.

3. Sanford AM. Lewy Body Dementia. Clin Geriatr Med. 2018; 34(4): 
603–615, doi: 10.1016/j.cger.2018.06.007, indexed in Pubmed: 
30336990.

4. Aarsland D, Batzu L, Halliday GM, et al. Parkinson disease-asso-
ciated cognitive impairment. Nat Rev Dis Primers. 2021; 7(1): 
47, doi: 10.1038/s41572-021-00280-3, indexed in Pubmed:  
34210995.

5. Aarsland D, Creese B, Politis M, et al. Cognitive decline in Parkinson 
disease. Nat Rev Neurol. 2017; 13(4): 217–231, doi: 10.1038/nrneu-
rol.2017.27, indexed in Pubmed: 28257128.

6. Guo Yu, Xu W, Liu FT, et al. Modifiable risk factors for cognitive impair-
ment in Parkinson’s disease: A systematic review and meta-analysis 
of prospective cohort studies. Mov Disord. 2019; 34(6): 876–883, doi: 
10.1002/mds.27665, indexed in Pubmed: 30869825.

7. Xu Y, Yang J, Shang H. Meta-analysis of risk factors for Parkinson’s 
disease dementia. Transl Neurodegener. 2016; 5: 11, doi: 10.1186/
s40035-016-0058-0, indexed in Pubmed: 27257478.

8. Ehrt U, Broich K, Larsen JP, et al. Use of drugs with anticholinergic 
effect and impact on cognition in Parkinson’s disease: a cohort study. 
J Neurol Neurosurg Psychiatry. 2010; 81(2): 160–165, doi: 10.1136/
jnnp.2009.186239, indexed in Pubmed: 19770163.

9. Sheu JJ, Tsai MT, Erickson SR, et al. Association between Anticholi-
nergic Medication Use and Risk of Dementia among Patients with 
Parkinson’s Disease. Pharmacotherapy. 2019; 39(8): 798–808, doi: 
10.1002/phar.2305, indexed in Pubmed: 31251824.

10. Kwaśniak-Butowska M, Dulski J, Pierzchlińska A, et al. Cardiovascular 
dysautonomia and cognition in Parkinson’s Disease - a possible rela-
tionship. Neurol Neurochir Pol. 2021; 55(6): 525–535, doi: 10.5603/
PJNNS.a2021.0040, indexed in Pubmed: 34037978.

11. Sławek J, Roszmann A, Robowski P, et al. The impact of MRI white 
matter hyperintensities on dementia in Parkinson’s disease in relation 
to the homocysteine level and other vascular risk factors. Neurodege-
ner Dis. 2013; 12(1): 1–12, doi: 10.1159/000338610, indexed in 
Pubmed: 22831964.

12. Tipton PW, Bülbül N, Crook J, et al. Effects of sex and APOE on 
Parkinson’s Disease-related cognitive decline. Neurol Neurochir Pol. 
2021; 55(6): 559–566, doi: 10.5603/PJNNS.a2021.0071, indexed 
in Pubmed: 34642926.

13. Pierzchlińska A, Białecka M, Kurzawski M, et al. The impact of Apolipo-
protein E alleles on cognitive performance in patients with Parkinson’s 
disease. Neurol Neurochir Pol. 2018; 52(4): 477–482, doi: 10.1016/j.
pjnns.2018.04.003, indexed in Pubmed: 29776682.

14. Roy R, Niccolini F, Pagano G, et al. Cholinergic imaging in demen-
tia spectrum disorders. Eur J Nucl Med Mol Imaging. 2016; 43(7): 
1376–1386, doi: 10.1007/s00259-016-3349-x, indexed in Pubmed: 
26984612.

15. Chew ML, Mulsant BH, Pollock BG, et al. Anticholinergic activity of 
107 medications commonly used by older adults. J Am Geriatr Soc. 
2008; 56(7): 1333–1341, doi: 10.1111/j.1532-5415.2008.01737.x, 
indexed in Pubmed: 18510583.

16. Lisibach A, Benelli V, Ceppi MG, et al. Quality of anticholinergic burden 
scales and their impact on clinical outcomes: a systematic review. Eur 
J Clin Pharmacol. 2021; 77(2): 147–162, doi: 10.1007/s00228-020-
02994-x, indexed in Pubmed: 33011824.

17. Lertxundi U, Isla A, Solinis MA, et al. Anticholinergic burden in 
Parkinson’s disease inpatients. Eur J Clin Pharmacol. 2015; 71(10): 
1271–1277, doi: 10.1007/s00228-015-1919-7, indexed in Pubmed: 
26254777.

18. Tune LE. Anticholinergic effects of medication in elderly patients. 
J Clin Psychiatry. 2001; 62 Suppl 21: 11–14, indexed in Pubmed: 
11584981.

http://dx.doi.org/10.1002/mds.21507
https://www.ncbi.nlm.nih.gov/pubmed/17542011
http://dx.doi.org/10.1016/j.parkreldis.2014.06.006
https://www.ncbi.nlm.nih.gov/pubmed/25024059
http://dx.doi.org/10.1016/j.cger.2018.06.007
https://www.ncbi.nlm.nih.gov/pubmed/30336990
http://dx.doi.org/10.1038/s41572-021-00280-3
https://www.ncbi.nlm.nih.gov/pubmed/34210995
http://dx.doi.org/10.1038/nrneurol.2017.27
http://dx.doi.org/10.1038/nrneurol.2017.27
https://www.ncbi.nlm.nih.gov/pubmed/28257128
http://dx.doi.org/10.1002/mds.27665
https://www.ncbi.nlm.nih.gov/pubmed/30869825
http://dx.doi.org/10.1186/s40035-016-0058-0
http://dx.doi.org/10.1186/s40035-016-0058-0
https://www.ncbi.nlm.nih.gov/pubmed/27257478
http://dx.doi.org/10.1136/jnnp.2009.186239
http://dx.doi.org/10.1136/jnnp.2009.186239
https://www.ncbi.nlm.nih.gov/pubmed/19770163
http://dx.doi.org/10.1002/phar.2305
https://www.ncbi.nlm.nih.gov/pubmed/31251824
http://dx.doi.org/10.5603/PJNNS.a2021.0040
http://dx.doi.org/10.5603/PJNNS.a2021.0040
https://www.ncbi.nlm.nih.gov/pubmed/34037978
http://dx.doi.org/10.1159/000338610
https://www.ncbi.nlm.nih.gov/pubmed/22831964
http://dx.doi.org/10.5603/PJNNS.a2021.0071
https://www.ncbi.nlm.nih.gov/pubmed/34642926
http://dx.doi.org/10.1016/j.pjnns.2018.04.003
http://dx.doi.org/10.1016/j.pjnns.2018.04.003
https://www.ncbi.nlm.nih.gov/pubmed/29776682
http://dx.doi.org/10.1007/s00259-016-3349-x
https://www.ncbi.nlm.nih.gov/pubmed/26984612
http://dx.doi.org/10.1111/j.1532-5415.2008.01737.x
https://www.ncbi.nlm.nih.gov/pubmed/18510583
http://dx.doi.org/10.1007/s00228-020-02994-x
http://dx.doi.org/10.1007/s00228-020-02994-x
https://www.ncbi.nlm.nih.gov/pubmed/33011824
http://dx.doi.org/10.1007/s00228-015-1919-7
https://www.ncbi.nlm.nih.gov/pubmed/26254777
https://www.ncbi.nlm.nih.gov/pubmed/11584981


412

Neurologia i Neurochirurgia Polska 2023, vol. 57, no. 5

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

19. Recommendations: Parkinson’s disease in adults. Guidance. NICE 
2017. https://www.nice.org.uk/guidance/ng71/chapter/Recom-
mendations (January 10, 2023).

20. Ramos H, Moreno L, Pérez-Tur J, et al. CRIDECO Anticholinergic 
Load Scale: An Updated Anticholinergic Burden Scale. Comparison 
with the ACB Scale in Spanish Individuals with Subjective Memory 
Complaints. J Pers Med. 2022; 12(2), doi: 10.3390/jpm12020207, 
indexed in Pubmed: 35207695.

21. Lozano-Ortega G, Johnston KM, Cheung A, et al. A review of pub-
lished anticholinergic scales and measures and their applicability in 
database analyses. Arch Gerontol Geriatr. 2020; 87: 103885, doi: 
10.1016/j.archger.2019.05.010, indexed in Pubmed: 31155228.

22. Campbell NL, Maidment I, Fox C, et al. The 2012 update to the 
anticholinergic cognitive burden scale. J Am Geriatr Soc. 2013; 61: 
S142–S143.

23. Boustani M, Campbell N, Munger S, et al. Impact of anticholinergics 
on the aging brain: a review and practical application. Aging Health. 
2008; 4(3): 311–320, doi: 10.2217/1745509x.4.3.311.

24. Salahudeen MS, Duffull SB, Nishtala PS. Anticholinergic burden 
quantified by anticholinergic risk scales and adverse outcomes in 
older people: a systematic review. BMC Geriatr. 2015; 15: 31, doi: 
10.1186/s12877-015-0029-9, indexed in Pubmed: 25879993.

25. Postuma RB, Berg D, Stern M, et al. MDS clinical diagnostic criteria 
for Parkinson’s disease. Mov Disord. 2015; 30(12): 1591–1601, doi: 
10.1002/mds.26424, indexed in Pubmed: 26474316.

26. Siuda J, Boczarska-Jedynak M, Budrewicz S, et al. MDS-UPDRS 
Polish Validation Task Force. Validation of the Polish version of 
the Movement Disorder Society-Unified Parkinson’s Disease Rating 
Scale (MDS-UPDRS). Neurol Neurochir Pol. 2020; 54(5): 416–425, 
doi: 10.5603/PJNNS.a2020.0049, indexed in Pubmed: 32639019.

27. Tomlinson CL, Stowe R, Patel S, et al. Systematic review of levodopa 
dose equivalency reporting in Parkinson’s disease. Mov Disord. 
2010; 25(15): 2649–2653, doi: 10.1002/mds.23429, indexed in 
Pubmed: 21069833.

28. Ma K, Xiong N, Shen Y, et al. Weight Loss and Malnutrition in Pa-
tients with Parkinson’s Disease: Current Knowledge and Future 
Prospects. Front Aging Neurosci. 2018; 10: 1, doi: 10.3389/fna-
gi.2018.00001, indexed in Pubmed: 29403371.

29. Jiang Z, Ou R, Chen Y, et al. Prevalence and associated factors 
of malnutrition in patients with Parkinson’s disease using CONUT 
and GNRI. Parkinsonism Relat Disord. 2022; 95: 115–121, doi: 
10.1016/j.parkreldis.2021.11.032, indexed in Pubmed: 34876346.

30. Zhang Z, Pereira SL, Luo M, et al. Evaluation of Blood Biomarkers 
Associated with Risk of Malnutrition in Older Adults: A Systematic 
Review and Meta-Analysis. Nutrients. 2017; 9(8), doi: 10.3390/
nu9080829, indexed in Pubmed: 28771192.

31. Podcasy JL, Epperson CN. Considering sex and gender in Alzheimer 
disease and other dementias. Dialogues Clin Neurosci. 2016; 18(4): 
437–446, doi: 10.31887/DCNS.2016.18.4/cepperson, indexed in 
Pubmed: 28179815.

32. Guo Yu, Liu FT, Hou XH, et al. Predictors of cognitive impairment 
in Parkinson’s disease: a systematic review and meta-analysis of 
prospective cohort studies. J Neurol. 2021; 268(8): 2713–2722, doi: 
10.1007/s00415-020-09757-9, indexed in Pubmed: 32162063.

33. Papanastasiou CA, Theochari CA, Zareifopoulos N, et al. Atrial Fi-
brillation Is Associated with Cognitive Impairment, All-Cause De-
mentia, Vascular Dementia, and Alzheimer’s Disease: a Systematic 
Review and Meta-Analysis. J Gen Intern Med. 2021; 36(10): 3122–

–3135, doi: 10.1007/s11606-021-06954-8, indexed in Pubmed: 
34244959.

34. Han S, Moon I, Choi EK, et al. Increased atrial fibrillation risk in 
Parkinson’s disease: A nationwide population-based study. Ann Clin 
Transl Neurol. 2021; 8(1): 238–246, doi: 10.1002/acn3.51279, 
indexed in Pubmed: 33389803.

35. Klietz M, Greten S, Wegner F, et al. Safety and Tolerability of Phar-
macotherapies for Parkinson’s Disease in Geriatric Patients. Drugs 
Aging. 2019; 36(6): 511–530, doi: 10.1007/s40266-019-00654-z, 
indexed in Pubmed: 30937878.

36. Wells S, Evans L, Nelson A, et al. 102 prevalence of atrial fibrillation 
and its impact on cognition in people with idiopathic parkinson’s 
disease. Age and Ageing. 2019; 48 (Supplement_2): ii30–ii30, doi: 
10.1093/ageing/afz064.03.

37. Cermakova P, Johnell K, Fastbom J, et al. Cardiovascular Diseases 
in ~30,000 Patients in the Swedish Dementia Registry. J Alzheimers 
Dis. 2015; 48(4): 949–958, doi: 10.3233/JAD-150499, indexed in 
Pubmed: 26402118.

38. Ikeda M, Kataoka H, Ueno S. Can levodopa prevent cognitive decline 
in patients with Parkinson’s disease? Am J Neurodegener Dis. 2017; 
6(2): 9–14, indexed in Pubmed: 28695060.

39. Molloy SA, Rowan EN, O’Brien JT, et al. Effect of levodopa on cogni-
tive function in Parkinson’s disease with and without dementia and 
dementia with Lewy bodies. J Neurol Neurosurg Psychiatry. 2006; 
77(12): 1323–1328, doi: 10.1136/jnnp.2006.098079, indexed in 
Pubmed: 16952917.

40. Pondal M, Del Ser T, Bermejo F. Anticholinergic therapy and dementia 
in patients with Parkinson’s disease. J Neurol. 1996; 243(7): 543– 
–546, doi: 10.1007/BF00886877, indexed in Pubmed: 8836945.

41. Yarnall AJ, Lawson RA, Duncan GW, et al. Anticholinergic Load: Is 
there a Cognitive Cost in Early Parkinson’s Disease? J Parkinsons 
Dis. 2015; 5(4): 743–747, doi: 10.3233/JPD-150664, indexed in 
Pubmed: 26444094.

42. Sumbul-Sekerci B, Bilgic B, Pasin O, et al. Anticholinergic Burden, 
Polypharmacy, and Cognition in Parkinson’s Disease Patients 
with Mild Cognitive Impairment: A Cross-Sectional Observational 
Study. Dement Geriatr Cogn Disord. 2022; 51(5): 386–395, doi: 
10.1159/000526863, indexed in Pubmed: 36273437.

43. Cicero CE, Monastero R, Terravecchia C, et al. Influence of Drugs 
on Mild Cognitive Impairment in Parkinson’s Disease: Evidence 
from the PACOS Study. Curr Neuropharmacol. 2022; 20(5): 998–
–1003, doi: 10.2174/1570159X20666211223122800, indexed in 
Pubmed: 34951389.

44. Nawaz H, Sargent L, Quilon H, et al. Anticholinergic Medication 
Burden in Parkinson’s Disease Outpatients. J Parkinsons Dis. 2022; 
12(2): 599–606, doi: 10.3233/JPD-212769, indexed in Pubmed: 
34806617.

45. Wilczyński K, Gorczyca M, Gołębiowska J, et al. Anticholinergic Bur-
den of Geriatric Ward Inpatients. Medicina (Kaunas). 2021; 57(10), 
doi: 10.3390/medicina57101115, indexed in Pubmed: 34684152.

46. Rogers G, Davies D, Pink J, et al. Parkinson’s disease: summary of 
updated NICE guidance. BMJ. 2017; 358: j1951, doi: 10.1136/bmj.
j1951, indexed in Pubmed: 28751362.

47. Mizoguchi K, Yokoo H, Yoshida M, et al. Amantadine increases the 
extracellular dopamine levels in the striatum by re-uptake inhibition 
and by N-methyl-D-aspartate antagonism. Brain Res. 1994; 662(1-2):  
255–258, doi: 10.1016/0006-8993(94)90821-4, indexed in 
Pubmed: 7859080.

https://www.nice.org.uk/guidance/ng71/chapter/Recommendations
https://www.nice.org.uk/guidance/ng71/chapter/Recommendations
http://dx.doi.org/10.3390/jpm12020207
https://www.ncbi.nlm.nih.gov/pubmed/35207695
http://dx.doi.org/10.1016/j.archger.2019.05.010
https://www.ncbi.nlm.nih.gov/pubmed/31155228
http://dx.doi.org/10.2217/1745509x.4.3.311
http://dx.doi.org/10.1186/s12877-015-0029-9
https://www.ncbi.nlm.nih.gov/pubmed/25879993
http://dx.doi.org/10.1002/mds.26424
https://www.ncbi.nlm.nih.gov/pubmed/26474316
http://dx.doi.org/10.5603/PJNNS.a2020.0049
https://www.ncbi.nlm.nih.gov/pubmed/32639019
http://dx.doi.org/10.1002/mds.23429
https://www.ncbi.nlm.nih.gov/pubmed/21069833
http://dx.doi.org/10.3389/fnagi.2018.00001
http://dx.doi.org/10.3389/fnagi.2018.00001
https://www.ncbi.nlm.nih.gov/pubmed/29403371
http://dx.doi.org/10.1016/j.parkreldis.2021.11.032
https://www.ncbi.nlm.nih.gov/pubmed/34876346
http://dx.doi.org/10.3390/nu9080829
http://dx.doi.org/10.3390/nu9080829
https://www.ncbi.nlm.nih.gov/pubmed/28771192
http://dx.doi.org/10.31887/DCNS.2016.18.4/cepperson
https://www.ncbi.nlm.nih.gov/pubmed/28179815
http://dx.doi.org/10.1007/s00415-020-09757-9
https://www.ncbi.nlm.nih.gov/pubmed/32162063
http://dx.doi.org/10.1007/s11606-021-06954-8
https://www.ncbi.nlm.nih.gov/pubmed/34244959
http://dx.doi.org/10.1002/acn3.51279
https://www.ncbi.nlm.nih.gov/pubmed/33389803
http://dx.doi.org/10.1007/s40266-019-00654-z
https://www.ncbi.nlm.nih.gov/pubmed/30937878
http://dx.doi.org/10.1093/ageing/afz064.03
http://dx.doi.org/10.3233/JAD-150499
https://www.ncbi.nlm.nih.gov/pubmed/26402118
https://www.ncbi.nlm.nih.gov/pubmed/28695060
http://dx.doi.org/10.1136/jnnp.2006.098079
https://www.ncbi.nlm.nih.gov/pubmed/16952917
http://dx.doi.org/10.1007/BF00886877
https://www.ncbi.nlm.nih.gov/pubmed/8836945
http://dx.doi.org/10.3233/JPD-150664
https://www.ncbi.nlm.nih.gov/pubmed/26444094
http://dx.doi.org/10.1159/000526863
https://www.ncbi.nlm.nih.gov/pubmed/36273437
http://dx.doi.org/10.2174/1570159X20666211223122800
https://www.ncbi.nlm.nih.gov/pubmed/34951389
http://dx.doi.org/10.3233/JPD-212769
https://www.ncbi.nlm.nih.gov/pubmed/34806617
http://dx.doi.org/10.3390/medicina57101115
https://www.ncbi.nlm.nih.gov/pubmed/34684152
http://dx.doi.org/10.1136/bmj.j1951
http://dx.doi.org/10.1136/bmj.j1951
https://www.ncbi.nlm.nih.gov/pubmed/28751362
http://dx.doi.org/10.1016/0006-8993(94)90821-4
https://www.ncbi.nlm.nih.gov/pubmed/7859080


413www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Jakub J. Malkiewicz et al., Risk factors for dementia in Parkinson’s Disease

48. McLean G, Hindle JV, Guthrie B, et al. Co-morbidity and polypharma-
cy in Parkinson’s disease: insights from a large Scottish primary care 
database. BMC Neurol. 2017; 17(1): 126, doi: 10.1186/s12883-
017-0904-4, indexed in Pubmed: 28666413.

49. Greten S, Müller-Funogea JI, Wegner F, et al. Drug safety profiles in 
geriatric patients with Parkinson’s disease using the FORTA (Fit fOR 
The Aged) classification: results from a mono-centric retrospecti-

ve analysis. J Neural Transm (Vienna). 2021; 128(1): 49–60, doi: 
10.1007/s00702-020-02276-x, indexed in Pubmed: 33263172.

50. Dubois B, Burn D, Goetz C, et al. Diagnostic procedures for 
Parkinson’s disease dementia: recommendations from the mo-
vement disorder society task force. Mov Disord. 2007; 22(16): 
2314–2324, doi: 10.1002/mds.21844, indexed in Pubmed:  
18098298.

http://dx.doi.org/10.1186/s12883-017-0904-4
http://dx.doi.org/10.1186/s12883-017-0904-4
https://www.ncbi.nlm.nih.gov/pubmed/28666413
http://dx.doi.org/10.1007/s00702-020-02276-x
https://www.ncbi.nlm.nih.gov/pubmed/33263172
http://dx.doi.org/10.1002/mds.21844
https://www.ncbi.nlm.nih.gov/pubmed/18098298


414 www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Neurologia i Neurochirurgia Polska
Polish Journal of Neurology and Neurosurgery

2023, Volume 57, no. 5, pages: 414–422
DOI: 10.5603/PJNNS.a2023.0054 

Copyright © 2023 Polish Neurological Society 
ISSN: 0028-3843, e-ISSN: 1897-4260

RESEARCH PAPER

Serum amino acid profiling in differentiating clinical 
outcomes of multiple sclerosis

Łukasz Rzepiński1, 2, Piotr Kośliński3, Mariusz Kowalewski4, Marcin Koba3,  
Zdzisław Maciejek1, 2

1Department of Neurology, 10th Military Research Hospital and Polyclinic, Bydgoszcz, Poland 
2Sanitas — Neurology Outpatient Clinic, Bydgoszcz, Poland 

3Department of Toxicology and Bromatology, Faculty of Pharmacy, Collegium Medicum of Nicolaus Copernicus University,  
Bydgoszcz, Poland 

4Multiple Sclerosis Foundation, Borne Sulinowo, Poland

ABSTRACT
Aim of the study. Amino acid metabolism is crucial for regulating immune responses and can be monitored in blood serum 
samples. This study aimed to analyse serum amino acid profiles in people with multiple sclerosis (pwMS), taking into account 
differences depending on the disease outcomes. 

Clinical rationale for the study. Serum amino acid profiling is a promising, reproducible and minimally invasive technology, 
available at different stages of the disease, enabling the search for a specific biomarker to differentiate MS clinical outcomes.

Material and methods. The serum concentrations of 29 amino acids were determined using high-performance liquid chro-
matography mass spectrometry. 

Results. A total of 121 pwMS (41 relapsing-remitting MS–RRMS; 55 secondary progressive MS - SPMS; and 25 primary progressi-
ve MS–RRMS) with a median Expanded Disability Status Scale (EDSS) score of 6 and 53 healthy controls (HCs) were included. We 
found significantly higher serum total amino acids concentrations in pwMS compared to HCs. Serum concentrations of arginine, 
1-methyl-L-histidine and proline were higher in pwMS, while circulating citrulline, α-aminobutyric acid and tryptophan were 
lower in pwMS. We observed significant differences in serum total amino acids concentrations depending on MS type, with the 
highest level in the PPMS group and the lowest in the RRMS group. We found significantly higher serum levels of beta-amino-
isobutyric acid in PPMS patients compared to those with RRMS and SPMS, and significantly higher serum levels of aspartic acid 
in PPMS patients compared to RRMS patients. From visual inspection, no trend was observed in total amino acids concentration 
with respect to the EDSS score. When analysing serum total amino acids concentration in pwMS with EDSS ≤ 5 compared to 
those with EDSS > 5, no significant differences were found. 

Conclusions and clinical implications. Amino acid metabolism is altered in pwMS and depends on the clinical type of the 
disease. Further studies are needed to determine whether serum metabolomic profiling of amino acids may have an application 
in the search for clinical phenotype-specific MS biomarkers. 
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Introduction

Multiple sclerosis (MS) is an acquired, chronic disease 
caused by autoreactive T and B lymphocytes targeting the 
central nervous system (CNS) antigens, leading to the pri-
mary destruction of myelin sheaths with subsequent axonal 
degeneration and neuronal loss [1, 2]. MS is an unpredictable 
and highly heterogeneous disease, and remains the most com-
mon non-traumatic cause of permanent disability in young 
adults [2, 3]. 

Typically, MS begins with an initial relapsing-remitting 
course (RRMS), mediated by adaptive and innate immune 
responses, and characterised by the formation of acute in-
flammatory demyelinating areas in the CNS. Over the next 
15–20 years, RRMS usually evolves into a progressive phase of 
the disease with underlying diffuse neurodegenerative activ-
ity, resulting in steadily increasing neurological dysfunction, 
defined as secondary progressive MS (SPMS) [1, 4–6]. About 
15% of patients experience a gradual disability worsening from 
the disease onset; this is classified as primary progressive MS 
(PPMS) [3]. Notably, the progressive types of MS are mainly 
driven by a heightened innate immune mechanism within 
the CNS [2, 7]. Both innate and adaptive immune systems 
are modulated by chemical signalling networks and depend 
on an adequate supply of amino acids necessary to maintain 
basal metabolism as well as protein molecules synthesis [8, 9]. 

Metabolomic profiling of amino acids is a promising meth-
od of elucidating underlying mechanisms and the search for 
biomarkers, as well as providing data on treatment strategies 
of both autoimmune and neurodegenerative diseases [10–13]. 
Depending on the possibility of endogenous synthesis, amino 
acids can be classified as: essential [lysine (LYS), histidine 
(HIS), threonine (THR), phenylalanine (PHE), tryptophan 
(TRP), methionine (MET), leucine (LEU), isoleucine (ILE), 
valine (VAL)]; conditionally essential [glutamine (GLN), argi-
nine (ARG), cysteine (CYS), glycine (GLY), proline (PRO) and 
tyrosine (TYR)]; or non-essential [glutamate (GLU), alanine 
(ALA), serine (SER), asparagine (ASN), and aspartic acid 
(ASP)] [14]. Previous studies have reported changes in amino 
acid profiles in serum and cerebrospinal fluid (CSF) of pwMS. 
However, these studies were often restricted to relatively small 
patient groups, limited arrays of amino acids (e.g. excitatory 
or non-essential), and an assessment of various biological 
samples derived from patients with different MS types [15–17].  

Currently, MS is diagnosed based on clinical features, 
magnetic resonance imaging (MRI) and the presence of 
a molecular biomarker in the form of oligoclonal bands (OCB) 
in the CSF [2, 3]. Although CSF analysis is a recognised diag-
nostic tool for assessing the inflammatory profile of the CNS, 
its collection can be associated with several inconveniences 
[15]. Therefore, biomarkers of MS available in serum are 
increasingly being sought because blood sampling is more 
accessible, less invasive, and more reproducible at any MS stage 
compared to routine CSF collection [18]. There is a strong 

need to discover new biochemical markers in the blood serum 
that may be useful in MS diagnosis and monitoring clinical 
outcomes of the disease [19]. 

The aim of this study was to analyse the profile of 29 amino 
acids in the serum of pwMS, taking into account differences 
depending on the disease outcomes.

Clinical rationale for the study

MS is characterised by unpredictable and highly heteroge-
neous clinical outcomes. There are major differences between 
the relapsing-remitting and progressive MS types, especially 
in terms of underlying pathogenesis, treatment response, and 
disability progression. The differences existing between MS 
types must be taken into account when choosing the appro-
priate disease-modifying therapies (DMTs). However, they are 
poorly reflected in commonly available diagnostic methods. 

There is therefore a strong need to identify biomarkers 
that facilitate an early and accurate diagnosis of MS as well as 
differentiation between disease types. Amino acid metabolism 
is involved in the modulation of autoimmune responses and 
can be monitored in CSF and blood samples. Serum amino 
acid profiling is a promising, reproducible and minimally 
invasive technology, available at different stages of the disease, 
enabling the search for a specific biomarker to distinguish MS 
clinical outcomes.

Material and methods

Participants and study design  
We conducted a cross-sectional study. The study popula-

tion consisted of 121 pwMS (80 females) and 53 healthy con-
trols (HCs). PwMS patients were recruited from the Neurology 
Outpatient Clinic at Sanitas (Bydgoszcz, Poland) and the MS 
Rehabilitation Centre (Borne Sulinowo, Poland). HCs had no 
evidence of central or peripheral nervous system disorders 
and were recruited from the local community of Bydgoszcz. 
Inclusion criteria for pwMS were a diagnosis of MS according 
to the revised 2017 McDonald criteria and age 18 years or 
older [3]. Exclusion criteria for pwMS were steroid treatment 
and/or disease relapse within three months preceding the 
blood draws. A relapse was defined as the presence of new, or 
the recurrence of previous, MS-related symptoms lasting more 
than 24 hours in the absence of infection and/or fever [3, 20]. 

The following clinical and demographic data were obtained 
from available medical records: age, sex, MS type, disease du-
ration, disability status, and the use of DMTs. Patient disability 
was determined based on the Expanded Disability Status Scale 
(EDSS) [21]. MS clinical phenotypes were classified as RRMS, 
SPMS, or PPMS according to the Lublin and Reingold classi-
fication [22]. Blood samples (5 mL) were drawn at 7–9 a.m. 
after an overnight fast and stored at −80°C until metabolomics 
analysis. The study participants were instructed to maintain 
their current dietary habits and to avoid supplementation with 
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products that could increase protein intake within seven days 
preceding blood sample collection.

Chemicals and reagents
Amino acids standards at a concentration of 200 nmol/mL 

and the derivatisation reagents were included in the EZ:faastTM 
LC-MS Free Amino Acid kit. The EZ:faastTM amino acid anal-
ysis kit was obtained from Phenomenex, Inc. (Torrance, CA, 
USA). High-performance liquid chromatography (HPLC) 
grade methanol was obtained from Merck (Darmstadt, 
Germany). Ammonium acetate and formic acid were pur-
chased from Sigma-Aldrich Co. (St. Louis, MO, USA). Water 
was deionised and purified using a Milli-Q system (Millipore, 
Bedford, MA, USA) and used to prepare all aqueous solutions.

Instrumentation and conditions
The HPLC system consisted of a binary Nexera XR 

LC-20 AD pump (Shimadzu, Kyoto, Japan) and a Nexera 
XR SIL-20AC autosampler (Shimadzu, Kyoto, Japan). The 
chromatography was performed with an EZ:faast amino acid 
analysis-mass spectrometry column (250 × 3.0 mm, 4 µm). The 
column temperature was kept at 35°C while the autosampler 
was maintained at 4°C. A binary gradient elution was carried 
out with mobile phases A (10mM ammonium formate in 
water) and B (10mM ammonium formate in methanol). The 
flow rate was 0.25 mL/min, and the injection volume was 1 µL.

Triple quadrupole tandem mass spectrometric detec-
tion was conducted on an LCMS-8045 Mass Spectrometer 
(Shimadzu, Kyoto, Japan). Electrospray ionisation (ESI) mass 
spectrometry was performed in the positive mode. Multiple 
reacting monitoring was used for quantification by monitoring 
ion transition of amino acids. LabSolutions software was used 
for instrument control and quantification.

Stock solutions, standards and quality control 
samples

A mixed stock solution of amino acids at a concentration 
of 100 nmol/mL was prepared using LC-MS grade water and 
stored for a maximum of three months at –20°C. For quan-
titation purposes, the stock solution was diluted in water to 
prepare a working range of solutions for calibration from 
0.01 to 75 nmol/mL.

The kit contains as internal standard an amino acid mix-
ture of homoarginine (HARG), methionine-d3 (MET-d3) and 
homophenylalanine (HPHE). The concentration in calibrators 
and samples was set to 200 nmol/L. The ratio between the area 
below the peak of the internal standard and the area below the 
peak of the analyte in the chromatogram was calculated.  
The concentration of the analyte was calculated using the slope 
of a calibration curve and the determined ratio.

Sample preparation
An EZ:faast amino acid analysis kit was used for se-

rum sample preparation, and the preparation steps were as 

described in the user manual. The EZ:faast amino acid analysis 
procedure consists of a solid phase extraction step followed 
by a derivatisation. The solid phase extraction is performed 
via a sorbent-packed tip that binds amino acids while allow-
ing interfering compounds to flow through. Amino acids on 
sorbent are then extruded into the sample vial and quickly 
derivatised with reagent at room temperature in an aqueous 
solution. Derivatised amino acids concomitantly migrate to 
the organic layer for additional separation from interfering 
compounds. The organic layer is then removed, evaporated, 
and re-dissolved in an aqueous mobile phase and analysed 
on a LC/MS system.

Ethics
This study complied with the principles of the 1964  

Declaration of Helsinki, and was approved by the Bioethical 
Committee of Collegium Medicum in Bydgoszcz, Nicolaus 
Copernicus University in Torun (KB 135/2019). All subjects 
participated voluntarily and provided written informed con-
sent to store their data.

Statistical analysis
The Kruskal-Wallis test was used to assess differences be-

tween continuous variables distribution (age, concentration) 
in relation to MS types. Post-hoc analysis was further used 
to explore differences between means while controlling the 
family error rate. Considering non-normally distributed data, 
differences between two groups were evaluated using Mann-
-Whitney U test. Bonferroni correction was used to adjust 
for multiple testing. Pearson’s correlation was used to study 
the linear relationship between amino acids. All analyses and 
figures were done in Python [Van Rossum, G., &amp; Drake, 
F. L. (2009). Python 3 Reference Manual, Scotts Valley, CA, 
USA: CreateSpace].

Results 

The clinical and demographic characteristics of the 
study population are presented in Table 1. We found differ-
ences in age and sex distribution between pwMS and HCs 
(p = 0.001 and p = 0.01, respectively). Age differences were 
shown between patients with different MS types (p < 0.001). 

We found higher serum total amino acids concentration in 
pwMS compared to HCs. At α = 0.05 we observed significant 
differences in serum concentrations of some amino acids be-
tween pwMS and HCs, i.e. GLN (p = 0.036), ARG (p = 0.0001), 
citrulline (CIT) (p = 0.0001), 1-methyl-L-histidine (1MHIS) 
(p = 0.0004), 4-hydroxyproline (HYP) (p = 0.047), α-amin-
obutyric acid (ABA) (p = 0.0004), PRO (p = 0.00005), VAL 
(p = 0.01), TRP (p = 0.0004), LEU (p = 0.036), PHE (p = 0.032), 
and cystine (C-C)  (p = 0.041). After Bonferroni correction 
(corrected p-value = 0.0017), the concentrations of ARG, CIT, 
1MHIS, ABA, PRO, and TRP remained significant. Serum 
concentrations of ARG, 1MHIS and PRO were higher in pwMS 
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compared to the controls. Serum levels of CIT, ABA and TRP 
were lower in pwMS compared to HCs (Fig. 1A). Differences 
in serum concentrations of ARG, CIT, 1MHIS, ABA, PRO, 
and TRP between pwMS and HCs remained significant after 
dividing the compared groups by gender and applying multiple 
testing correction (Bonferroni corrected p-value = 0.0083). 
We found significant differences in serum total amino acids 
concentration depending on MS type, with the highest level 
in the PPMS group and the lowest in the RRMS group (PPMS 
vs. RRMS p = 0.0001, SPMS vs. RRMS p = 0.011 and PPMS vs. 
SPMS p = 0.04). Post-hoc analysis revealed significantly higher 
concentrations of beta-aminoisobutyric acid (BAIB) in PPMS 
patients compared to RRMS and SPMS patients (p = 0.033 for 
both comparisons) and significantly higher serum levels of 
ASP in PPMS patients compared to RRMS patients (p = 0.028). 
In terms of BAIB concentrations, several outlying points were 
observed (Fig. 1B). We did not reveal significant differences 
regarding serum levels of other analysed amino acids between 
pwMS and HCs or between patients with different MS types.

The visual inspection of serum amino acid concentrations 
in a function of age revealed a slightly positive trend for C-C 
concentrations in pwMS and a slightly negative trend for SER 
concentrations in HCs (Fig. 2A). We observed some slightly 
positive trends between MS duration and serum levels of SER, 
HYP, GLY and PRO, and a slightly negative trend for TYR 
levels (Fig. 2B). From visual inspection, no trend was observed 
in total amino acids concentration with respect to the EDSS 
score (Fig. 2C). When analysing serum total amino acids con-
centration in patients with EDSS < 5 compared to those with 
EDSS ≥ 5, no significant differences were found (p > 0.05). 

Discussion 

This study aimed to compare profiles of 29 amino acids in 
serum samples from pwMS and HCs, taking into account dif-
ferences depending on the disease outcomes. We found higher 
serum total amino acids concentrations in pwMS compared 
to HCs. Furthermore, serum concentrations of ARG, 1MHIS 
and PRO were higher in pwMS, while circulating CIT, ABA 
and TRP were lower in pwMS compared to the controls. We 
found clinical phenotype-dependent differences in serum 
total amino acids concentrations, with the highest values in 
PPMS, followed by SPMS, and then RRMS. PPMS patients 
had significantly higher serum levels of BAIB than RRMS and 
SPMS patients, as well as significantly higher serum levels of 
ASP compared to those with RRMS. 

It has been shown that amino acid metabolism is involved 
in the modulation of immune mechanisms [9]. Activated 
immune cells require increased access to amino acids and 
therefore its depletion may weaken the autoimmune responses 
[23]. A growing body of evidence suggests that pwMS have 
an altered amino acid metabolism with decreased catalytic 
activity resulting in increased secretion of pro-inflammatory 
cytokines, metabotoxins production, and a reduction in Treg 
cell numbers [11, 23]. As patients in our group were advised to 
maintain their current dietary habits and to avoid protein-rich 
meals within seven days preceding blood sample collection, 
impaired metabolism may underlie the observed elevated 
serum total amino acids concentration. Notably, we found 
significantly lower ABA levels in the serum of pwMS compared 
to HCs, which argues against increased protein catabolism or 
malnutrition as potential causes [24]. 

We demonstrated significant differences in serum total 
amino acids concentration between patients with different MS 
clinical phenotypes, with the highest values in the progressive 
MS types. Therefore, our results may indicate the potential 
utility of such assays in accurate identifying progressive MS 
types as well as in highlighting the potential role of amino 
acids metabolism in the mechanisms underlying disease pro-
gression. Fitzgerald et al. showed greater overall metabolomic 
dysfunction in pwMS compared to HCs, with lower circulating 
lactate-related metabolites of aromatic amino acids. These dif-
ferences remained consistent after excluding pwMS for whom 
treatment status was missing, restricting the study sample only 
to patients on any DMTs, and including only progressive MS 
patients or only those who were not on a DMT at the time of 
blood collection [11]. The assumptions made by Fitzgerald et al.  
regarding progressive MS types indicate an altered amino 
acid metabolism in these patients, which was also reflected 
in our group [11]. 

Several amino acids have emerged as key biological reg-
ulators of immune responses. Among these, ARG and TRP 
deserve special attention. Interestingly, enzymes that catabolise 
TRP [tryptophan dehydrogenase (TDO) and two isoenzymes 
of indoleamine 2,3-dioxygenase (IDO 1, IDO2)] and ARG [two 

Table 1. Demographic and clinical data of study participants

MS HCs

Number of subjects (n) 121 53

Sex (male/female) 41/80 30/23

Age, years 52.5 ± 11.6 58.4 ± 12.8

Disease duration (years) [range] 16 ± 8.4 n.a.

Median EDSS score (IQR) 6 (4.0–6.5) n.a.

MS type n (%)

RRMS 41 (34%)

SPMS 55 (45%)

PPMS 25 (21%)

Type of DMT n (%)

Interferon-beta 2 (1.5%)

Glatiramer acetate 1 (0.6%)

Dimethyl fumarate 4 (3%)

Mitoxantrone 

Natalizumab

Fingolimod 

4 (3%)

2 (1.2%)

1 (0.6%)
MS — multiple sclerosis; RRMS — relapsing-remitting multiple sclerosis; SPMS — secondary 
progressive multiple sclerosis; PPMS — primary progressive multiple sclerosis; EDSS — Expanded 
Disability Status Scale; DMT — disease-modifying therapy; IQR — interquartile range
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Figure 1.  Centred and standardised concentrations of 29 amino acids in MS patients and controls (A), different MS types (B). Black dots 
represent outlying observations. MS — multiple sclerosis; RRMS — relapsing-remitting multiple sclerosis; SPMS — secondary progressive 
multiple sclerosis; PPMS — primary progressive multiple sclerosis; Conc — concentration; BAIB — beta-aminoisobutyric acid; ASP — aspartic 
acid; ARG — arginine; SER — serine; GLN — glutamine; CIT — citrulline; ASN — asparagine; 1MHIS — 1-methyl-L-histidine; 3MHIS — 3-methy-
l-L-histidine; HYP — 4-hydroxyproline; GLY — glycine; THR — threonine; ALA — alanine; GABA — gamma-aminobutyric acid; SAR — sarcosine; 
ABA — α-aminobutyric acid; ORN — ornithine; MET — methionine; PRO — proline; LYS — lysine; HIS — histidine; VAL — valine; TRP — tryptophan; 
AAA — α-aminoadipic acid; LEU — leucine; PHE — phenylalanine; ILE — isoleucine; C-C — cystine; TYR — tyrosine

A

B
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Figure 2. Centred and standardised concentrations of 29 amino acids in relation to age (A), MS duration (B) and EDSS (C). Red and blue lines 
represent linear regression lines. MS — multiple sclerosis; EDSS — Expanded Disability Status Scale; Conc — concentration; BAIB — beta-ami-
noisobutyric acid; ASP — aspartic acid; ARG — arginine; SER — serine; GLN — glutamine; CIT — citrulline; ASN — asparagine; 1MHIS — 1-me-
thyl-L-histidine; 3MHIS — 3-methyl-L-histidine; HYP — 4-hydroxyproline; GLY — glycine; THR — threonine; ALA — alanine; GABA — gamma-amino-
butyric acid; SAR — sarcosine; ABA — α-aminobutyric acid; ORN — ornithine; MET — methionine; PRO — proline; LYS — lysine; HIS — histidine; 
VAL — valine; TRP — tryptophan; AAA — α-aminoadipic acid; LEU — leucine; PHE — phenylalanine; ILE — isoleucine; C-C — cystine; TYR — tyrosine

A

B

C
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arginase isoforms (ARG1, ARG2) and inducible nitric oxide 
synthase (iNOS)] have potential immunosuppressive properties 
[25–27]. In our study, analyses using individual amino acids 
showed significant differences in serum levels of TRP, ARG and 
two amino acids involved in ARG metabolism (PRO and CIT) 
between pwMS and HCs. ARG is a semi-essential amino acid 
that can be derived from diet, protein breakdown or synthesised 
from CIT. The catabolism of ARG occurs via multiple pathways, 
including degradation by iNOS to nitric oxide (NO) and CIT as 
well as arginase-mediated degradation leading to the formation 
of PRO, urea, ornithine and polyamines. 

Thus, the higher serum concentrations of ARG and PRO 
with lower concentration of CIT found in our patients may 
indicate a shift in ARG metabolism towards decreased deg-
radation by iNOS. This alteration of ARG metabolism may 
have protective effects on pwMS as polyamines and PRO are 
important for tissue repair, while the excessive production of 
NO causes nitroxidative stress and contributes to neurodegen-
eration in MS [28, 29, 30].  Furthermore, we showed a slightly 
positive trend for serum PRO concentration in relation to 
disease duration, which may confirm the significant role of 
altered ARG metabolism at different stages of the disease.  

Conversely, serum TRP concentrations were significantly 
reduced in pwMS compared to HCs and a slightly negative 
trend of TRP levels was observed in relation to the disease 
duration. In line with our findings, decreased TRP levels in 
plasma obtained from pwMS have been previously reported 
[31, 32]. Recent studies have shown that activation of the 
kynurenine pathway (KP), responsible for more than 95% 
of TRP degradation, plays a key role in MS pathogenesis by 
modulating cell-mediated immune responses and may be 
associated with disease progression [33, 34]. Lim et al. found 
decreased serum TRP concentrations and a significantly higher 
kynurenine/tryptophan ratio in pwMS compared to HCs, and 
this was more pronounced in those with progressive disease 
types, suggesting that abnormalities in the KP may be associ-
ated with the conversion from early-mild stage to progressive 
MS forms, which is consistent with our findings [35].  

The dominance of mechanisms mediated by excitatory 
amino acids may contribute to neurodegeneration within 
the CNS through excitotoxic injury of neurons and glial cells 
[17]. Murgia et al. identified ALA, ASP, and GLU metabolism 
among the most altered pathways in serum samples between 
patients with PPMS and RRMS [17]. In our study, patients 
with PPMS had higher serum ASP concentrations compared 
to RRMS patients. In this context, our findings are in line 
with the results reported by Murgia et al., and confirm a shift 
towards excitatory amino acids dominance in the progressive 
types of MS [17].  

In the present study, patients with PPMS were character-
ised by higher serum BAIBA levels compared to those with 
SPMS and RRMS. BAIBA has been categorised as a myokine 
produced and secreted by skeletal myocytes during physical 
activity [36]. Recent studies have shown that BAIBA can inhibit 

hypothalamic inflammation and reverse the inflammatory 
processes in animal models of diet-induced obesity, protecting 
against vascular inflammation by enhancing the gene expres-
sion of the antioxidants and mitochondrial biogenesis-related 
molecules in humans. Therefore, the antiatherogenic proper-
ties of BAIBA could explain the beneficial effects of exercise 
on obesity and vascular endothelial function [37, 38]. So far, 
the impact of elevated serum BAIBA concentrations on MS 
pathogenesis and disability progression has not been reported. 
In our study, the increase in BAIBA concentrations in the se-
rum of PPMS patients may have resulted from more intensive 
physical rehabilitation in this group compared to patients with 
an initial relapsing-remitting disease onset. Future studies are 
needed to address the potential role of BAIBA in MS, taking 
into account the intensity of physical rehabilitation. 

Although we adopted dietary restrictions prior to blood 
sampling, we did not consider differences in the frequency 
and intensity of physical rehabilitation as potential factors 
influencing serum amino acid concentrations, which is a lim-
itation of our study. Another limitation is a relatively large 
number of patients with progressive MS types, which made 
it possible to specify the profile of amino acids involved in 
neurodegenerative mechanisms, although this translates into 
overrepresentation of this group of patients and demographic 
heterogeneity of the entire study cohort. 

Notably, age differences between the analysed groups 
found in our study were also observed in previous reports 
evaluating the metabolic alterations in MS and may confirm 
the overall heterogeneity of the disease [11, 17, 39]. So far, 
studies evaluating age- and sex-related differences in serum 
amino acid concentrations have used different methodologies, 
their results have been inconsistent, and they have not identi-
fied specific metabolic patterns [40–44]. These issues remain 
insufficiently addressed in relation to pwMS as well. In our 
study, the observed differences in serum concentrations of 
ARG, CIT, 1MHIS, ABA, PRO, and TRP between pwMS and 
HC remained significant after dividing the compared groups 
by gender. Furthermore, no linear trends (positive or negative) 
with ageing were found for the serum concentrations of the 
above-mentioned amino acids in pwMS and HCs. 

With respect to MS type, the majority of our patients 
had a progressive MS course (66%) with reduced ambulatory 
ability (median EDSS score was 6, interquartile range 4.0–6.5), 
and 14 (11.5%) of them used DMTs. The lack of assessment 
of demyelinating lesions on magnetic resonance imaging and 
the low percentage of pwMS using DMTs can be considered 
as further limitations of our study. However, the negligible 
exposure of patients to DMTs at the time of blood sample 
collection may more reliably represent the changes in amino 
acid metabolism underlying the pathogenesis of various MS 
types. Finally, an undoubted limitation of this study is the lack 
of a prospective assessment of changes in plasma amino acid 
profiles in pwMS, including clinical phenotype-dependent 
differences.  
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Clinical implications/future directions

Our study revealed different patterns of serum amino acid 
profiles between pwMS and HCs as well as between patients 
with various disease types. The demonstrated differences 
may result from the participation of amino acids in immune 
responses, neurodegeneration processes and construction of 
muscle proteins. Therefore, serum amino acids may be con-
sidered as potential molecular biomarkers of MS, components 
of individualised therapeutic agents, or laboratory indicators 
to monitor the intensity of physical rehabilitation. 

Future studies on amino acid profiling in MS involving 
a larger group of patients with different disease types are need-
ed, taking into account the type of DMTs used, the profile of 
amino acids that best discriminates RRMS from progressive 
MS types and HCs, as well as the prospective evaluation of 
blood samples.
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stroke, coronary heart disease, and cardiovascular mortality
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ABSTRACT
Introduction. Long-term variability in systolic blood pressure (SBP) is associated with a higher risk of cardiovascular events. 
Little is known about any association between within-visit SBP variability, stroke, coronary heart disease (CHD), and cardiova-
scular (CV) death.

Material and methods. Participants included adults ≥ 18 years who participated in the US National Health and Nutrition Exa-
mination Surveys from 1999 to 2012 linked to the national death index in 2012. Stroke was self-reported. SBP was obtained up 
to four times by a physician, using a manual sphygmomanometer according to standard procedures. Within-visit SBP variability 
was defined as the standard deviation of the BP measurements, stratified into quartiles. We evaluated the relationship between 
within-visit SBP variability and the odds of stroke or CHD using multivariable logistic regression, and with CV mortality, using 
multivariable Cox regression.

Results. Of the 27,987 adults, 16.4% were aged ≥ 65 years, 51.3% were female, 71.2% were white, and 10.7% were black. Factors 
associated with higher mean SBP variability included older age, hypertension, chronic kidney disease, peripheral artery disease, 
and smoking (all p < 0.05). The prevalence of stroke significantly increased across SBP variability quartiles, from 2.1% for quar-
tile 1 to 3.7% for quartile 4 (p < 0.001). High SBP variability was associated with higher odds of stroke [odds ratio (OR) 1.8, 95% 
confidence interval (CI) 1.4–2.2], coronary heart disease (OR 2.0, 95% CI 1.6–2.4), and increased risk of CV mortality [hazard ratio 
(HR) 2.7, 95% CI 2.3–3.1]. The relationships were not observed after adjusting for covariables. 

Conclusions. Within-visit variability in SBP is associated with increased risks of stroke, coronary heart disease, and cardiovascu-
lar mortality, but the relationship is confounded by age and covariates.
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Introduction

Blood pressure (BP) variability has been recognised as 
a potential risk factor for stroke and coronary heart disease 
(CHD) [1, 2]. With hypertension being the most prevalent 
treatable risk factor for stroke and other vascular events [3, 4], 
its diagnosis and treatment should be of primary importance. 
The role of hypertension and the incidence of stroke and CHD 
have been investigated in several major prospective studies 
[5, 6]. Most of these studies have relied on a single blood 

pressure reading, but the prognostic value of visit-to-visit and 
within-visit variability and episodic hypertension has not been 
reliably established. 

This prompted us to hypothesise that higher within-visit 
systolic blood pressure (SBP) variability is associated with 
higher odds of a stroke. In this study, we conducted a retrospec-
tive study using data from the National Health and Nutrition 
Examination Survey (NHANES) from 1999–2012 to evaluate 
the relationship between within-visit SBP variability and the 
risk of stroke, coronary heart disease, and CV mortality.

https://orcid.org/0000-0001-8400-8920
mailto:lin.michelle@mayo.edu
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Material and methods

Study population
The National Health and Nutritional Examination Survey 

(NHANES) is a series of cross-sectional, stratified surveys of 
the non-institutionalised civilian population in the United 
States. Individuals selected for inclusion in NHANES undergo 
an interview followed by a physical examination and labora-
tory testing administered by trained personnel. A detailed 
description of the plan and operations of each survey has been 
published [7]. Our study received approval from the National 
Centre for Health Statistics Research Ethics Review Board, and 
participants were asked to sign an informed consent form. For 
this study, we used the survey data from NHANES 1999–2012, 
including only individuals ≥ 18 years of age, and where there 
was available data on blood pressure, stroke, and CHD.

Blood pressure measurement and variability
Each person had 1–4 blood pressure measurements within 

the same visit. After at least five minutes of rest in the sitting 
position, brachial BP was measured by using either a sphyg-
momanometer or an oscillometer with a cuff of appropriate 
size monitored by a trained clinician based on the Seventh 
Joint National Committee recommendations [8]. We defined 
within-visit systolic blood pressure (SBP) variability using the 
standard deviation (SD) of the up to four SBP measurements, 
stratified into quartiles (Q1-4), with Q1 being the group with 
the lowest SBP variability and Q4 being the group with the 
highest SBP variability.

Assessment of stroke, CHD and CV mortality
Prevalence of stroke among the subjects was determined 

by any self-reported history of stroke in the NHANES 1999–
–2010 survey database. We considered an answer of “Yes” to 
the question, “Has a doctor or other health professional ever 
told you that you had a stroke?” in the Medical Conditions 
(MCQ) section of the NHANES questionnaire, as a positive 
self-reported history of stroke. The participants were asked if 
they had been told by a doctor or another health practition-
er that they had CHD. If the individuals replied yes to this 
question, they were considered positive for CHD existence.

We calculated the CV mortality rates. We used data from 
NHANES III linked mortality file, in which the NHANES 
III eligible participants were matched, using a probabilistic 
matching algorithm, to the National Death Index up until 
the end of 2012 to determine their mortality status. Deaths 
from cardiovascular diseases were identified by using the 
International Classification of Disease 10th revision (ICD-10), 
codes I00-I99. A detailed description of the methodology is 
described elsewhere [9].

Covariates
Demographic and comorbid covariates included were 

age, sex, education (≤ 12th grade, > 12th grade), ethnicity (i.e. 

Caucasian, African-American, Mexican-American, or other), 
poverty income ratio (≤ 200%, > 200%), smoking status (ever 
smoker), hypertension, diabetes, hypercholesterolemia, my-
ocardial infarction (MI), and chronic kidney disease (CKD). 

Hypertension was defined as a self-reported history of hy-
pertension, being on antihypertensive medication, or a blood 
pressure recording of > 140/90 mmHg. Diabetes was defined as 
a self-reported history of diabetes, being on antidiabetic med-
ication, or haemoglobin A1C ≥ 6.5%. Hypercholesterolemia 
was defined as a history of anti-cholesterol medication or 
a total serum cholesterol ≥ 240 mg/dL. CKD was defined as 
a urine albumin to urine creatinine ratio > 30 mg/dL.

Statistical analyses
Baseline characteristics were presented as a percentage for 

categorical variables and compared across the SBP variability 
quartiles using the Rao-Scott Chi-Square test. Survey-weighted 
prevalence rates of self-reported stroke and CHD/MI were 
calculated and compared across SBP variability quartiles. To 
evaluate the relationship between the severity of SBP variability 
and odds of stroke and CHD/MI, univariable and multivariable 
logistic regression analyses were performed. To evaluate the 
association between the severity of SBP variability and the risk 
of CV mortality, the Cox regression model, before and after 
adjusting for covariables was performed. Model 1 was adjusted 
for demographic factors including age, sex, education, ethnici-
ty, and poverty index ratio. Model 2 was also adjusted for med-
ical conditions including hypertension, diabetes, myocardial 
infarction, chronic kidney disease, and smoking. The statistical 
significance was defined as p for interaction < 0.1 and a 2-side 
p value of < 0.05. All statistical analyses were performed using 
SAS version 9.4 (SAS Institute Inc).

Results

Study characteristics
We identified 27,987 patients who met the inclusion cri-

teria from NHANES 1999–2010. The baseline characteristics 
of the sample population are set out in Table 1. Age distri-
bution was 49.2%, 34.4%, 12.6%, and 3.8% for patients aged 
18–44, 45–63, 65–79, and ≥ 80, respectively. The proportion 
of patients with increased BP variability across severity quar-
tiles decreased in the youngest age group (18–44), while the 
proportion of patients with increased severity of BP variabil-
ity increased in the oldest age groups (65–79, ≥ 80; Tab. 1). 
Participants with the highest BP variability (Q4) were more 
likely to be Caucasian and to have more prevalent comorbid 
conditions, including hypertension, diabetes, MI, CKD, and 
smoking history (p < 0.05). 

Risk of stroke and coronary heart disease across 
within-visit BP variability

Of the 27,987 subjects, 986 had a self-reported history 
of stroke. The prevalence of stroke in the sample population 
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Table 1. Patient characteristics across SBP variability quartiles (Q1–4), NHANES 1999–2010

Overall Q1 Q2 Q3 Q4 p-value

N% N% N% N% N%

Age < 0.001

 18–44 49.2% 58.4% 55.2% 48.3% 32.2%

 45–64 34.4% 30.6% 32.9% 36.2% 38.9%

 65–79 12.6% 8.7% 9.6% 12.3% 21.1%

 ≥ 80 3.8% 2.3% 2.3% 3.2% 7.7%

Sex 0.100

 Male 48.7% 48.5% 49.6% 49.6% 47.2%

 Female 51.3% 51.5% 50.4% 50.4% 52.8%

Ethnicity < 0.001

 Mexican-American 7.8% 8.7% 8.3% 7.7% 6.4%

 Caucasian 71.2% 69.5% 70.7% 71.1% 74.0%

 African-American 10.7% 11.1% 11.2% 10.4% 9.9%

 Other 10.3% 10.7% 9.9% 10.8% 9.7%

Education 0.072

 ≤ 12th grade 44.6% 44.0% 44.1% 43.9% 46.5%

 > 12th grade 55.3% 55.8% 55.8% 56.0% 53.4%

 Unknown 0.1% 0.2% 0.1% 0.0% 0.1%

PIR 0.566

 ≤ 200% 31.5% 32.4% 31.0% 31.4% 31.0%

 > 200% 61.6% 60.6% 61.9% 62.1% 61.8%

 Unknown 6.9% 7.0% 7.1% 6.5% 7.1%

Medical history

 Hypertension* 35.5% 28.9% 30.9% 33.8% 50.3% < 0.001

 Diabetes† 9.4% 7.4% 8.3% 10.0% 12.3% < 0.001

 Hypercholesterolemia‡ 27.6% 24.0% 25.3% 27.9% 34.5% < 0.001

 Myocardial infarction 3.3% 2.5% 2.8% 3.4% 4.7% < 0.001

 Chronic kidney disease§ 8.8% 8.2% 6.9% 7.9% 12.4% < 0.001

 Peripheral arterial disease** 16.1% 14.6% 15.8% 16.1% 17.4% 0.102

 Ever smoker 48.5% 47.7% 47.1% 49.0% 50.5% 0.040
*BP > 140/90 or on anti-hypertensive medications, or self-report; †Haemoglobin A1C ≥ 6.5% or on diabetes medications, or self-report; ‡Total serum cholesterol ≥ 240 mg/dL or on anti-cholesterol medications; 
§Urine albumin to urine creatinine ratio > 30 mg/g; ** ABI < 0.9 or ABI > 1.3. Myocardial infarction, ever smoking: self-report

was 2.6% [standard error (SE) 0.12] overall. Those with the 
highest SBP variability (Q4) had a higher prevalent stroke 
compared to those with the lowest (Q1) BP variability (3.7% 
vs. 1.8%; p < 0.001). 

In our crude analysis, we observed that subjects with the 
highest BP variability (Q4) had higher odds of stroke compared 
to another group (OR 1.75, p < 0.001, Tab. 2). After adjusting 
for covariables, a relationship between BP variability and 
stroke was no longer observed. 

In our study sample, 1,742 reported a history of CHD 
(Tab. 2). The prevalence of CHD in the overall cohort was 
4.8% ± 0.19%. The prevalence increased from 3.6% ± 0.25% in 
the lowest quartile of SBP variability (Q1) to 6.9% ± 0.40% in 
the highest quartile of SBP variability (Q4) (p < 0.001, Tab. 2). 

In our crude analysis, the risk of having a MI/CHD was 1.99-
-fold in the subjects in the highest quartile of SBP variability 
(p < 0.001, Tab. 2). On further adjustment with demographics 
(Model 1) and vascular risk factors (Model 2), there was no 
significance seen for both stroke and CHD/MI.

CV-mortality across BP variability
CV mortality was highest in the patients with the highest 

quartile of BP variability (2.9%, SE 0.39, p < 0.001). The HR in 
our unadjusted model was also highest in the Q4 group (HR 
2.73, SE 0.39, p < 0.001). After adjustment, these associations 
were no longer statistically significant; the adjusted HR in the 
highest quartile (Q4) compared to the lowest quartile (Q1) was 
0.87 (p = 0.937, Model 2) for CV-related mortality.
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Table 2. Rate and odds ratio (OR) of stroke, coronary heart disease/myocardial infarction, and cardiovascular mortality across within-visit SBP variability 
quartiles, NHANES 1999–2010

    Overall cohort Q1 Q2 Q3 Q4 p-value

Stroke No. of stroke/No. at risk 986/27,987 214/7,890 162/6,393 238/6,688 372/7,016 –

Prevalence rate – % (SE) 2.6 (0.12) 2.1 (0.20) 1.8 (0.20) 2.7 (0.24) 3.7 (0.24) < 0.001

Crude OR – 1.00 0.82 1.27 1.75 < 0.001

Model 1 OR* – 1.00 0.77 1.03 0.90 0.854

Model 2 OR** – 1.00 0.77 1.03 0.84 0.407

CHD/MI No. of CHD and MI/No. at risk 1,742/27,987 381/7,890 329/6,393 427/6,688 605/7,016 –

Prevalence rate – % (SE) 4.8 (0.19) 3.6 (0.25) 4.1 (0.28) 5.1 (0.26) 6.9 (0.40) < 0.001

Crude OR – 1.00 1.13 1.42 1.99 < 0.001

Model 1 OR* – 1.00 1.06 1.13 0.99 0.940

Model 2 OR** – 1.00 1.07 1.11 0.95 0.620

CV-
mortality 

No. of CV deaths / No. person-years 305/118,447 63/34,256 50/27,403 63/27,697 129/29,089

Rate – CV deaths per 1,000 person-yrs (SE) 1.5 (0.14) 1.0 (0.23) 1.1 (0.26) 1.1 (0.29) 2.9 (0.39) <0.001

Crude HR – 1.00 1.08 1.05 2.73 <0.001

Model 1 HR* – 1.00 1.02 0.77 0.94 0.640

Model 2 HR** – 1.00 1.09 0.72 0.87 0.937
CHD — coronary heart disease; CV — cardiovascular; MI — myocardial infarction; OR — odds ratio; *Model 1 (demographic): adjusted for age, sex, race, poverty index ratio, education; **Model 2 (demographic 
+ comorbidities): model 1 + hypertension, diabetes, hypercholesterolemia, chronic kidney disease, peripheral artery disease, smoking

Discussion

In our study, we demonstrated that subjects with high 
within-visit SBP variability had a higher risk of stroke, CHD, 
and CV mortality. However, the relationship was not observed 
after adjusting for age and risk factors. We also noticed that 
those with the highest quartile of SBP variability (Q4) had the 
highest prevalent vascular risk factors. 

This study addressed for the first time the prognostic im-
plications of within-visit blood pressure variability. 

In our study, we observed that the proportion of older age 
groups increased with each quartile. This can be explained in 
part by ageing, and chronic hypertension, which both lead to 
stiffening of the arteries. This stiffening of the large arterial 
wall results in an attenuation of the baroreflex function, which 
then causes a larger BP variability [10]. With ageing, the 
elastin-rich medial layer of the arteries undergoes damage or 
degradation of the elastic fibres (elastin and elastin-associated 
glycoproteins such as fibrillin-1) and increased aggregation 
glycosaminoglycans or collagen fibres, or both [11]. Other 
conditions such as diabetes which lead to increased crosslink-
ing of the collagen via glycosylation have also been associated 
with increased stiffness of arteries [12]. Sasaki et al. [13] and 
Lacolley et al. [14, 15] demonstrated that an increase in BP 
variability induced by arterial baroreceptor denervation in 
rats, without an increase in mean blood pressure, was linked 
to aortic atherosclerosis, decreased arterial distensibility, and 
increased collagen content and density in arterial walls.

Another possible explanation could be conditions such 
as autonomic dysfunction that can also cause swings in hae-
modynamic variables [16], particularly in conditions such as 
diabetes, synucleinopathy, and Alzheimer’s Disease which are 
known to cause autonomic dysfunction and have been associ-
ated with BP variability [17, 18]. Thus, high SBP variability may 
serve as a marker, rather than an independent risk factor, for 
these conditions. In our study, we similarly observed that the 
prevalence of diabetes mellitus increased with every quartile, 
concurring with the results of other studies [19, 20] showing 
that diabetes is associated with autonomic dysfunction man-
ifested as high BP variability.

The presence of untreated hypertension, along with com-
mon behaviours such as smoking, low physical activity levels, 
and high obesity rates among young individuals, has a nota-
ble impact on the prevalence of cardiovascular diseases like 
myocardial infarction and atrial fibrillation [21]. It is widely 
acknowledged by clinicians that these conditions increase 
the risk of cerebrovascular events in the young population. 
Considering the known association between blood pressure 
variability and cardiovascular outcomes, it is plausible to 
suggest that the high prevalence of cardiovascular diseases 
and risk factors in young individuals, as mentioned above, 
may also contribute to variations in blood pressure readings.

It should be noted that a previous study (conducted in 
Poland) revealed a higher prevalence of arterial hypertension 
and peripheral arterial disease in the lower limbs among 
patients with DM [22]. This could lead to a compromised 
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bloodflow and vascular function in peripheral arteries that may 
lead to fluctuations in blood pressure readings. While DM and 
other systemic vascular risk factors could also cause barore-
ceptor denervation resulting in blood pressure variability, the 
causal pathway may also be reversed. Hyperglycaemia could 
directly harm the ischaemic brain by causing the build-up of 
lactate and intracellular acidosis. Additionally, the inflamma-
tory response triggered by stress might elevate the levels of 
circulating free fatty acids in individuals with acute illnesses, 
which can negatively affect the ability of the endothelium to 
dilate blood vessels. Moreover, hyperglycaemia can contrib-
ute to reperfusion injury by intensifying oxidative stress and 
inflammation [22]. 

Brain injury such as stroke is known to cause central auto-
nomic dysfunction, particularly lesions affecting the bilateral 
insular cortex, anterior cingulate gyrus, amygdala, and hypo-
thalamus [23]. Previous studies have shown an association 
between an excessive drop in nocturnal blood pressure and 
silent cerebrovascular lesions [24, 25]. The explanation for this 
could be pre-existing cerebral ischaemia that could lead to both 
altered central autonomic control of blood pressure [26, 27] 
and an increased risk of stroke. Furthermore, BP variability 
is also known to associate with pro-inflammatory cytokine 
production, hyperglycaemia, and increased blood-brain-bar-
rier permeability [28–31], all of which can contribute to an 
increased risk of stroke. Haemodynamic instability caused 
by high BP variability can also increase shear stress, resulting 
in small vessel disease, cerebral hypoperfusion, and neuronal 
cell damage [32]. 

Blood pressure variability may have a different effect on 
different vascular beds (cerebrovascular vs. cardiovascular). 
For instance, Hata et al. [33] demonstrated that the coeffi-
cient of variation between clinic SBP was slightly greater in 
138 patients with stroke than in healthy controls [34], but not 
in patients with myocardial infarction, suggesting that the  
mechanism involved in larger office BP variability and  
the incidence of a stroke may be different from the mecha-
nism that links 24-h BP variability and cardiovascular com-
plications. A previous study found that home BP variability, 
as measured by SD of SBP, was related to CVD events in 
2,455 individuals from a typical Japanese community who 
did not have a CVD risk [35]. These studies have indicated 
that environmental factors (mental and physical stress), poor 
compliance of arteries, and adherence to drug therapy by the 
patients were thought to be the possible reasons for causing 
BP variability leading to increased risks of MI and CV mor-
tality [33]. However, another reasonable explanation is that 
the relatively quick BP variations assessed by this method 
have a traumatic impact on the CV system, encouraging the 
formation and progression of atherosclerosis.

Similar to our study, Verdecchia et al. [36] were unable to 
show an independent association between baseline BP varia- 
bility, which was defined as the SD of ambulatory BP, and cardi-
ovascular morbidity after adjusting for associated confounding 

factors such as ageing, diabetes mellitus, and severity of hyper-
tension. Also in another study there was no significant asso-
ciation seen between the excessive circadian amplitude of BP 
and the occurrence of CHD [37]. This suggests the prognostic 
significance of 24h BP variability may have organ specificity. 

Our study has several strengths, including a nationally 
representative sample of US adults with a long follow-up for 
mortality, rigorous and validated survey and examination 
procedures, adjustment for numerous possible confounders, 
and robust estimations of absolute mortality and cumulative 
10-year mortality rates, with multiple models adjusting for 
various potential confounders. An advantage of using the 
NHANES data to explore a mechanistic hypothesis is that the 
results apply to the US population. By utilising within-visit 
blood pressure measurements, we successfully accounted for 
significant potential confounding factors, specifically mean 
blood pressure levels and the influence of antihypertensive 
medications. Our blood pressure measurements were conduct-
ed by extensively trained staff using a validated electronic de-
vice and standard protocols, thereby minimising any potential 
imprecision and bias in the data collection process.

This study also has several limitations. The available data 
on risk factor prevalence, including both our study and the 
NHANES, rely on self-reporting. However, it is important to 
acknowledge the limitations of self-reporting, such as potential 
biases associated with telephone surveys and the exclusion 
of individuals with health conditions. Additionally, in our 
population survey, we did not collect data on body mass index 
(BMI), preventing us from assessing the impact of obesity 
within our population over time. 

The assessment of stroke relied on self-reporting, and cru-
cial details such as stroke type, duration since stroke, severity, 
and functional status were not available. These factors, which 
could potentially impact upon mortality, were not accounted 
for in our study. Moreover, the absence of CT or MRI findings 
in the patients may have led to the inclusion of individuals 
with asymptomatic cerebrovascular lesions as control patients. 
However, it is important to note that the limitations arising 
from self-reported illness are probably mitigated to some ex-
tent. A previous study has demonstrated the validity of using 
self-reported illness as a measure of objective health [38]. 
NHANES only captures non-institutionalised individuals and 
those who can comprehend and respond to surveys, resulting 
in a possible bias towards a healthier population. This study 
used only four BP readings to calculate the variability. 

In conclusion, the findings of this study provide evidence 
of significant associations between within-visit SBP variabil-
ity and an increased risk of stroke, coronary heart disease, 
and CV mortality. Our results indicate that patients with the 
highest quartile of blood pressure variability are particularly 
susceptible to these adverse health outcomes. These findings 
underline the need for vigilant monitoring and management 
of blood pressure to minimise the risk of stroke.
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ABSTRACT
Introduction. The main aim of our study was to compare diffusion tensor imaging (DTI) parameters in patients with myotonic 
dystrophy types 1 and 2 (DM1 and DM2).

Clinical rationale for the study. To ascertain whether DTI could be used to assess the integrity of white matter tracts in the 
brain and identify any abnormalities or disruptions in connectivity between different brain regions in patients with DM. By pro-
viding a more detailed understanding of the structural changes in the brain associated with DM, could DTI potentially be used 
to develop more effective treatments for the cognitive and neurological symptoms of the disorder?

Material and methods. We retrospectively compared MRI scans of 19 patients with DM1 to those of 23 healthy, matched con-
trols, and of 16 patients with DM2 to those of 20 healthy, matched controls, and finally compared the DM1 and DM2 samples. 
Fraction anisotropy (FA), mean diffusivity (MD), radial diffusivity (RD), and axial diffusivity (AD) values were assessed using Tract 
Based Spatial Statistics (TBSS).

Results. In patients with DM1, a statistically significant decrease in the values of the FA parameter was revealed in 45/48 white 
matter tracts compared to patients with DM2. There was no statistically significant decrease in the values of the FA parameter in 
patients with DM2 compared to DM1. The values of MD and RD were significantly higher in 47 tracts in DM1 patients compared 
to DM2 patients. AD values were significantly higher in all 48 tracts in DM1 patients compared to DM2 patients. There were no 
tracts with increased MD, AD, or RD values in DM2 patients compared to DM1. 

Conclusions. Our results indicate diffuse disintegration of white matter pathways in DM patients, especially in the DM1 group. 
The damage to all types of fibres (association, commissural, and projection) may explain the diversity of clinical symptoms, 
which were more severe in the DM1 group of patients than in the DM2 group.

Clinical implications. DTI in patients with DM may help us to understand the neural mechanisms underlying brain involvement 
during the disease. In future, it may help to identify biomarkers for disease progression and treatment response. 
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Introduction 

Myotonic dystrophy (DM) is the most common type of 
muscular dystrophy in adults, characterised by progressive 
muscle degeneration because of a genetic defect. The main, 
muscular symptoms in DM are accompanied by problems 
with the heart and digestive system, and hormonal disorders. 

Two types of DM have been identified as taking different 
courses [1, 2].

In type 1 DM, the pathology results from a mutation in 
the gene encoding the protein kinase DPMK (dystrophia my-
otonica protein kinase) consisting of a CTG repeat expansion, 
while a CCTG repeat expansion in the zinc finger protein 
9 gene (ZNF9) has been identified in myotonic dystrophy type 
2 [3, 4]. Type 1 occurs in young patients, including children, 
and the severity of its course is associated with the amount of 
CTG repeat numbers [5]. In this type, the peripheral muscles 
and the voluntary (striated) muscles of the face are mainly 
affected, but also the independent muscles such as the heart 
and diaphragm, and the smooth muscles (gastrointestinal tract 
etc.) gradually also become involved. 

Type 2 has a milder course with adult onset only, and it 
involves exclusively proximal voluntary muscles. This means 
that the disability may be greater even with less advanced 
disease [1, 2]. 

Central nervous system involvement occurs in both types 
of myotonic dystrophy, with type 1 being more severe and 
manifested by intellectual disability, reduced intelligence quo-
tient (IQ), memory disorders, visual and hearing impairment, 
excessive daytime sleepiness, avoidant personality, and low 
self-esteem [6–10]. In type 2, the IQ is usually normal, while 
visual-spatial disturbances, excessive daytime sleepiness, and 
a profile of psychological disorders (avoidant personality) 
occur at a similar frequency as in DM1, but to a lesser degree 
[7, 11, 12].

The pathogenesis of the involvement of the central nervous 
system is not fully understood. Some authors include myotonic 
dystrophies in the subgroup of neurodegenerative diseases 
called tauopathies because of intraneuronal accumulation of 
abnormally modified microtubule-associated tau protein in 
the brains of patients with DM [13–19].

Magnetic resonance imaging (MRI) is the best tool to 
assess the brain in patients with DM. In both types of DM, 
the lesions mainly concern white matter and are visible 
on T2/FLAIR images as white matter hyperintense lesions 
(WMHL). In type 1, they are located in the frontal and tem-
poral lobes, while in type 2 they are located in the periven-
tricular white matter in the frontal and parieto-occipital lobes. 
Characteristics for type 1 lesions located in the anterior part 
of the temporal lobes (anterotemporal white matter lesion, 
ATWML) are usually not observed in type 2 [20]. 

Novel techniques, such as T2 relaxometry, magnetisation 
transfer (MT), voxel-based morphometry (VBM), and diffu-
sion tensor imaging (DTI), can specifically and more deeply 

analyse structural changes within white matter (WM), and they 
demonstrate extensive white matter involvement compared 
to morphological images [5]. In particular,  DTI, based on 
a region of interest (ROI) approach or with the use of more 
advanced tract-based spatial statistics (TBSS), proves that 
white matter abnormalities in DM patients are more frequent 
and pronounced than has been previously suggested [21]. The 
DTI technique has been effectively used to assess the integrity 
of white matter pathways in various physiological conditions, 
including the learning process, memory, and brain ageing, as 
well as in numerous neurological diseases. It is also valuable in 
preoperative planning prior to the removal of a brain tumour 
or a cavernous haemangioma [22, 23].

The aim of our study was to compare DTI parameters in 
patients with DM1 and DM2 to those of sex- and age-matched 
healthy controls, and between DM1 and DM2 patients. 
Afterwards, we checked how the DTI parameters in DM1 and 
DM2 patients correlated with the duration of the disease. 

Clinical rationale for the study
A study on DTI in patients with DM could provide im-

portant insights into the neural mechanisms underlying CNS 
involvement in DM. Specifically, DTI could be used to assess 
the integrity of white matter tracts in the brain and identify any 
abnormalities or disruptions in connectivity between different 
brain regions in patients with DM. 

By providing a more detailed understanding of the struc-
tural changes in the brain associated with DM, DTI could 
potentially be used to develop more effective treatments for 
the cognitive and neurological symptoms of the disorder. 
Additionally, DTI might serve as a useful biomarker for 
monitoring disease progression and treatment response in 
patients with DM.

Material and methods

Participants
From the 37 MRIs performed in DM patients in the 2nd 

Department of Clinical Radiology of the Medical University 
of Warsaw, Poland between 2009 and 2020, we selected 35 ad-
olescents for further analysis. 

Only patients with a genetically confirmed mutation were 
included in the study, and they were assigned to the appro-
priate DM group (DM1 or DM2) according to the mutation 
type. The other inclusion criteria were: a good quality DTI 
examination using at least 20 diffusion directions, the absence 
of focal lesions other than those typical of DM on morpho-
logical sequences, and age above 18 years. Patients without 
a DTI sequence or with poor image quality were excluded 
from the study. 

We formed two control groups (HC1 and HC2) age- and 
sex-matched to each type of DM. 

It has been demonstrated that there are age-related changes 
in the integrity of white matter tracts, which are manifested 
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by alterations in DTI parameters. In older patients, there is 
a decrease in FA and an increase in MD [24].

Because of the significant difference in age between 
DM1 and DM2 patients, we introduced two age-matched 
control groups, to avoid the effect of age-related changes on 
the DTI parameters.

The control groups consisted of healthy subjects without 
any neurological symptoms and with no pathological lesions 
within the brain on structural MR images.

All procedures were performed in compliance with the 
Declaration of Helsinki. Ethical approval was not required 
due to the retrospective study design.

Data acquisition 
All patients and controls underwent an MRI examination 

on a 1.5-T scanner (Avanto, Siemens, Erlangen, Germany). 
A 12-channel head coil was used. The examination protocol 
started from morphological sequences: 2D T2 TSE in trans-
verse, coronal, and sagittal planes, 2D T2 FLAIR, 2D T1 SE, 
DWI in transverse plane, and sagittal 3D MPR T1 followed 
by DTI sequence. Detailed image parameters are included in 
Supplementary Table 1. 

The DTI protocol differed depending on the date of 
acquisition: we started with a single-shell 20-direction pro-
tocol (between 2009 and 2011), but from 2012 we upgraded 
this to 30 directions of diffusion. Only six patients with 
DM1 and three with DM2 underwent a DTI study with the 
use of 20 directions of diffusion. The remaining 26 patients 
(13 with DM1 and 13 with DM2) underwent a DTI study with 
a 30-direction protocol. Accordingly, in the control group for 
DM1 there were six examinations with 20 directions and three 
in the control group for DM2. 

Diffusion-weighted images were collected using a gradi-
ent echo-planar imaging sequence (echo time TE = 86 ms, 
repetition time TR = 3,300 ms with the two diffusion weight-
ings of b1 = 0 s/mm2 and b2 = 1,000 s/mm2, voxel size 
1.8 × 1.8 × 5 mm, FoV 230 mm, 25 slices per volume). The 
acquisition time was 5.05 minutes for 20 directions and 
6.59 minutes for 30 directions of diffusion.

All patients and controls gave written informed consent 
for the examination and for the use of MRI data for research. 

Data processing
Fractional anisotropy (FA), mean diffusivity (MD), radial 

diffusivity (RD), and axial diffusivity (AD) maps were calcu-
lated after susceptibility-induced distortion, eddy current, and 
head motion correction. DTI data was corrected by applying an 
affine transformation of each image to the B0 image using the 
Oxford FSL toolkit (http://www.fmrib.oc.ac.uk/fsl/fdt/index.
html). For each voxel, tensor eigenvectors and correspond-
ing eigenvalues as well as FA, MD, RD, and AD values were 
computed. 

FA, MD, RD, and AD maps were then fed into standard 
TBSS skeletonisation using the Oxford FSL toolkit [25].

Next, each subject’s FA, MD, RD, and AD data was pro-
jected onto FMRIB58_FA standard space (which is in the 
same space as the MNI152 standard space). Each subject’s 
FA and maps were visually inspected for the quality of this 
registration. Then, TBSS skeletons were segmented according 
to the Johns Hopkins ICBM-DTI-81 atlas containing 48 white 
matter tracts. For each region, average FA, MD, RD, and AD 
values were extracted. 

Statistical analysis
Averaged FA, MD, RD, and AD values in the ROI were 

compared between DM1 and HC1, DM2 and HC2, and finally 
between DM1 and DM2 samples using a standard non-para-
metric test. False discovery rate (FDR) p values were computed 
using Freeman & Lane (1983) (default in FSL GLM randomize) 
to control the FDR for multiple tests. 

To detect between-group differences, we used a cluster-based 
thresholding, a voxel-wise thresholding, and a threshold- 
-free cluster enhancement approach (TFCE). We have pre-
sented the results based on threshold-free cluster enhance-
ment, which provides better sensitivity and richer and more 
interpretable output than cluster-based and voxel-wise 
thresholding [26].

The number of permutations was set to 5,000. P-value < 0.05  
after family-wise error corrections for multiple comparisons 
was applied.

The effect associated with the diffusion-encoding gradient 
directions (20 or 30 in this case) was included as an additional 
regressor in the statistical model. In this way, any differences 
due to the number of diffusion-encoding directions were 
regressed out during statistical comparisons. 

FA, MD, RD, and AD values in white matter tracts were 
compared with disease duration.

Results

Patients
The final patient cohort consisted of 19 patients with 

DM1 (aged 20 to 57 years; mean age 39; median age 39; 
female/male 4/15) and 16 patients with DM2 (aged 20 to 
64 years; mean age 50; median age 54; female/male 12/4). 

There was a statistically significant difference in the mean 
age between the two groups of patients at p = 0.009.

Out of 53 people, we selected 23 healthy individuals aged 
between 19 and 57 years (median age 39; female/male 4/19) 
as the control group for DM1, and 20 healthy individuals aged 
22 to 62 (median age 54; female/male 12/8) for comparison 
to DM2.

Diffusion tensor imaging — comparing 
myotonic dystrophy type 1 to healthy controls 1

Supplementary Table 2 sets out the detailed differences 
between DM1 and HC1 in all tested white matter tracts. 
Compared to HC1, patients with DM1 had reduced FA and 

http://www.fmrib.oc.ac.uk/fsl/fdt/
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Figure 1. Radar chart illustrating in detail differences between DM type 1 and type 2 patients for all regions altogether. Solid red line — 
DM1 patient; solid blue line — HC1; dashed red line — DM2 patient; dashed blue line — HC2; grey fields — standard error; solid black line is 
average value of two control groups. Thus, average of two control groups is reference value, and is 1. MCP — middle cerebellar peduncle; 
CPT — pontine crossing tract; GCC — genu of corpus callosum; BCC — body of corpus callosum; SCC — splenium of corpus callosum; FX — 
fornix; CST-R — corticospinal tract r; CST-L — corticospinal tract l; ML-R — medial lemniscus r; ML-L — medial lemniscus l; ICP-R — inferior 
cerebellar peduncle r; ICP-L — inferior cerebellar peduncle l; SCP-R — superior cerebellar peduncle r; SCP-L — superior cerebellar peduncle l; 
CP-R — cerebral peduncle r; CP-L — cerebral peduncle l; ALIC-R — anterior limb of internal capsule r; ALIC-L — anterior limb of internal capsule 
l; PLIC-R — posterior limb of internal capsule r; PLIC-L — posterior limb of internal capsule l; RLIC-R — retrolenticular part of internal capsule 
r; RLIC-L — retrolenticular part of internal capsule l; ACR-R — anterior corona radiata r; ACR-L — anterior corona radiata l; SCR-R — superior 
corona radiata r; SCR-L — superior corona radiata l; PCR-R — posterior corona radiata r; PCR-L — posterior corona radiata l; PTR-R — poste-
rior thalamic radiation (include optic radiation) r; PTR-L — posterior thalamic radiation (include optic radiation) l; SS-R — sagittal stratum 
(including inferior longitudinal fasciculus and inferior fronto-occipital fasciculus) r; SS-L — sagittal stratum (including inferior longitudinal 
fasciculus and inferior fronto-occipital fasciculus) l; EC-R — external capsule r; EC-L — external capsule l; CGC-R — cingulum (cingulate gyrus) 
r; CGC-L — cingulum (cingulate gyrus) l; CGH-R — cingulum (hippocampus) r; CGH-L — cingulum (hippocampus) l; FX/ST-R — fornix (cres)/ 
/Stria terminalis (cannot be resolved with current resolution) r; FX/ST-L — fornix (cres)/Stria terminalis (cannot be resolved with current 
resolution) l; SLF-R — superior longitudinal fasciculus r; SLF-L — superior longitudinal fasciculus l; SFO-R — superior fronto-occipital fasciculus 
(could be a part of anterior internal capsule) r; SFO-L — superior fronto-occipital fasciculus (could be a part of anterior internal capsule) l; 
IFO-R — uncinate fasciculus r; IFO-L — uncinate fasciculus l; Tp-R — tapetum r; Tp-L — tapetum l

increased MD and RD in all white matter tracts. Increased AD 
was found in 45 white matter tracts.

There was no increase in FA and no decrease in MD, AD, 
or RD parameters in any white matter tracts in the HC1 group 
compared to DM1 patients.

Detailed results are set out in Figure 1 and Table 1.

Diffusion tensor imaging — comparing 
myotonic dystrophy type 2 to healthy controls 2

Supplementary Table 3 sets out detailed differences 
between DM2 and HC2 in all tested white matter tracts. 
Compared to HC2, patients with DM2 had decreased FA values 
revealed in 41 white matter tracts. No decrease in FA values 
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Table 1. Differences of FA, AD, RD, and parameter in white matter tracts 
between tested groups. Red indicates tracts with decreased values and 
green indicates tracts with increased values

FA

vs. DM1 DM2 HC1 HC2

DM1 – 0 0 –

DM2 45 – – 0 

HC1 48 – – –

HC2 – 41 – –

AD

vs. DM1 DM2 HC1 HC2

DM1 – 0 0 –

DM2 45 – – 7

HC1 44 – – –

HC2 – 0 – –

RD

vs. DM1 DM2 HC1 HC2

DM1 – 0 0 –

DM2 47 – –

HC1 48 – – –

HC2 – 17 – –

MD

vs. DM1 DM2 HC1 HC2

DM1 – 0 0 –

DM2 47 – – 0

HC1 48 – – –

HC2 – 0 – –

in any white matter tract was demonstrated in subjects from 
the HC2 group compared to DM2. 

No statistically significant difference in the value of the 
MD parameter was found between DM2 and HC2 or between 
HC2 and DM2 in any white matter tract. 

RD was higher in 28 out of 48 white matter tracts and AD 
was lower in 9 out of 48 white matter tracts in DM2 patients 
compared to HC2. 

Detailed results are set out in Figure 1 and Table 1.

Diffusion tensor imaging — comparing 
myotonic dystrophy types 1 and 2 

Table 2 sets out detailed differences in all tested white 
matter tracts. In patients with DM1, a statistically significant 
decrease in the values of the FA parameter was revealed in 
45 out of 48 white matter tracts compared to patients with DM2. 

There was no statistically significant decrease in the values 
of FA parameter in patients with DM2 compared to DM1. 

The values of MD and RD were significantly higher in 
47 tracts in DM1 patients compared to DM2 patients. AD 
values were significantly higher in all 48 tracts in DM1 patients 
compared to DM2 patients. 

There were no tracts with increased MD, AD, or RD values 
in DM2 patients compared to DM1. 

Detailed results are set out in Figures 1 and 2 and in 
Table 1.

Diffusion tensor imaging — considering disease 
duration

The mean age at disease onset in patients with DM1 was 
27.2 years, and the mean disease duration was 11.3 years 
(range 2–34). In DM2 patients, the mean age at disease onset 
was 35.1 years, and the mean disease duration was 13.4 years 
(range 1–33). The disease duration in patients with DM1 and 
DM2 was compared to the average FA, MD, RD, and AD values 
of white matter tracts. Only the FA parameter in DM2 patients 
showed negative correlation with the duration of the disease. 
A statistically significant FA decrease was noted in 7 out of 
48 white matter tracts; namely, body of corpus callosum, sple-
nium of corpus callosum, left cerebral peduncle, left anterior 
limb of internal capsule, left posterior limb of internal capsule, 
left superior corona radiata, and superior fronto-occipital 
fasciculus. 

We did not find any relationship between DTI parameters 
and disease duration in the group of DM1 patients. 

Discussion

This study presents an analysis of white matter tract integ-
rity in patients with DM1 and DM2 based on DTI parameters 
using TBSS — an unbiased automated technique in which 
whole-brain-based voxel-wise comparison between groups 
can be made. We used two different control groups matched 
for both types of dystrophy first in order to eliminate the age 
differences that occur between patients with types 1 and 2.

We found a statistically significant reduction of FA in all 
48 analysed white matter tracts in DM1 patients compared to 
HC1 and in 41 of 48 white matter tracts in DM2 patients com-
pared to HC2. A comparison of patients with DM1 and DM2 re-
vealed lower values of the FA parameter in the DM1 group in 
45 out of 48 white matter tracts. The values of MD, RD, and AD 
were significantly higher in 47, 47, and 48 tracts respectively 
in DM1 patients compared to DM2 patients. 

These results indicate diffuse disintegration of white matter 
pathways in DM patients, especially in the DM1 group. The 
damage to all type of fibres (association, commissural, and 
projection) may explain the diversity of clinical symptoms, 
which were more severe in the DM1 group of patients com-
pared to the DM2 group.

When comparing disease duration, there was no statis-
tically significant relationship with FA, MD, RD, or AD in 
DM1 patients, whereas in 7/48 DM2 patients, white matter 
tracts showed an FA decrease. This may suggest that the dam-
age in DM1 is more severe from the onset of the disease, while 
in DM2 the process is gradual, which perhaps makes it possible 
to find a way to delay or stop progression of the disease.
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Table 2. Differences in 48 white matter tracts according to Johns Hopkins ICBM-DTI-81 atlas

No. White matter tract TBSS TFCE FA 
DM2 > DM1 

(p-value)

TBSS TFCE MD  
DM1 > DM2 

(p-value)

TBSS TFCE AD  
DM1 > DM2  

(p-value)

TBSS TFCE RD 
DM1 > DM2  

(p-value)

1 Middle cerebellar peduncle p = 0.0008 p < 0.0002 p < 0.0002 p < 0.0002

2 Pontine crossing tract p = 0.0008 p < 0.0002 p < 0.0002 p < 0.0002

3 Genu of corpus callosum p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

4 Body of corpus callosum p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

5 Splenium of corpus callosum p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

6 Fornix p = 0.0048 p < 0.0002 p < 0.0002 p < 0.0002

7 Corticospinal tract R p = 0.0008 p < 0.0002 p < 0.0002 p < 0.0002

8 Corticospinal tract L p = 0.0008 p < 0.0002 p < 0.0002 p < 0.0002

9 Medial lemniscus R p = 0.0022 p < 0.0002 p < 0.0002 p < 0.0002

10 Medial lemniscus L – p < 0.0002 p < 0.0002 p = 0.0004

11 Inferior cerebellar peduncle R p = 0.0024 p < 0.0002 p = 0.0156 p < 0.0002

12 Inferior cerebellar peduncle L – p < 0.0002 p = 0.0156 p = 0.0004

13 Superior cerebellar peduncle R p = 0.0008 p < 0.0002 p < 0.0002 p < 0.0002

14 Superior cerebellar peduncle L p = 0.0008 p < 0.0002 p < 0.0002 p < 0.0002

15 Cerebral peduncle R p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

16 Cerebral peduncle L p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

17 Anterior limb of internal capsule R p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

18 Anterior limb of internal capsule L p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

19 Posterior limb of internal capsule R p = 0.0008 p < 0.0002 p < 0.0002 p < 0.0002

20 Posterior limb of internal capsule L p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

21 Retrolenticular part of internal capsule R p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

22 Retrolenticular part of internal capsule L p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

23 Anterior corona radiata R p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

24 Anterior corona radiata L p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

25 Superior corona radiata R p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

26 Superior corona radiata L p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

27 Posterior corona radiata R p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

28 Posterior corona radiata L p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

29 Posterior thalamic radiation R p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

30 Posterior thalamic radiation L p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

31 Sagittal stratum R p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

32 Sagittal stratum L p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

33 External capsule R p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

34 External capsule L p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

35 Cingulum (cingulate gyrus) R p  =  0.0012 p  <  0.0002 p  <  0.0002 p  <  0.0002

36 Cingulum (cingulate gyrus) L – p < 0.0002 p < 0.0002 p < 0.0002

37 Cingulum (hippocampus) R p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

38 Cingulum (hippocampus) L p = 0.0372 p < 0.0002 p < 0.0002 p < 0.0002

39 Fornix (cres) R p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

40 Fornix (cres) L p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

41 Superior longitudinal fasciculus R p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

42 Superior longitudinal fasciculus L p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

43 Superior fronto-occipital fasciculus R p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

44 Superior fronto-occipital fasciculus L p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

45 Uncinate fasciculus R p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

46 Uncinate fasciculus L p = 0.0004 p < 0.0002 p < 0.0002 p < 0.0002

47 Tapetum R p = 0.0006 p < 0.0002 p < 0.0002 p < 0.0002

48 Tapetum L p = 0.0380 – p = 0.0156 –
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Figure 2. Tract-based spatial statistics map using TFCE approach: white matter tracts with FA reduction in DM1 patients compared to 
DM2 patients (shown in red), white matter tracts with AD (shown in green), RD (shown in yellow) and MD (shown in blue) increase in DM1 
patients compared to DM2 patients

There have only been a few studies on DTI in DM1 patients 
[21, 27–29], with only two publications to date comparing 
DTI parameters between both types of DM and between DM 
patients and a control group. 

Minnerop et al. [5] analysed 22 patients with DM1, 
22 with DM2, and 22 age- and sex-matched healthy controls. 
Using TBSS, they compared DM1 to the controls, DM2 to 
the controls, and both types to each other. According to their 
results, association fibres throughout the whole brain, limbic 
system fibre tracts, the callosal body, and projection fibres 
were affected in DM1 and DM2; however, white matter oc-
cupation in DM1 was more prominent than in DM2, which 
is in accordance with our findings. According to Minnerop 
et al. [5], central motor pathways were exclusively impaired 
in DM1, whereas in our study, in DM1 in both corticospinal 
tracts, FA increased; a decrease in MD, AD, and RD was noted 
only in DM2, and a decrease of FA in the left corticospinal 
tracts was found.

The group of patients studied by Franc et al. [30] consisted 
of only 20 subjects (five for each group i.e. congenital-onset 
DM1, adult-onset DM1, DM2, and controls). A significant 
difference in FA in each brain compartment among all four 
groups (p < 0.003) was revealed, and pair-wise significant 
differences of mean FA within the brain compartments were 
observed between each of the three DM groups compared to 
controls. However, DM1 patients had significantly lower FA 
than controls in the inferior frontal, supra-callosal, and oc-
cipital regions (p < 0.05), while DM2 and controls did not. An 
ROI-based approach was applied to analyse DTI parameters, 
which is a less accurate, and more observer-dependent, meth-
od compared to the TBSS technique we used in our analysis. 

A limitation of our study is the lack of clinical information 
and correlation with muscle status and intellectual assessment, 
as well as with psychological tests and the length of sleep 
during the day. Knowing that the severity of the course is 

associated with the amount of CTG repeat numbers, it would 
also be interesting to correlate genetics with the DTI charac-
teristics of white matter tracts. Therefore, we are planning in 
our further study to focus on finding the association between 
diffusion parameters and physical and mental status, as well 
as with genetics results, to better understand the pathogenetic 
processes of central system involvement. 

Conclusions

DTI allows us to better understand the neural mechanisms 
underlying CNS involvement in myotonic dystrophy. The ap-
plication of DTI may help to identify biomarkers for disease 
progression and treatment response, and ultimately to develop 
more effective treatments for the cognitive and neurological 
symptoms of DM.
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 ABSTRACT
Introduction. The aim of our study was to find out the opinion of patients with Parkinson’s Disease (PD) whose disease was 
preceded by REM sleep behaviour disorder (RBD) regarding early information about the high risk of phenoconversion in RBD.

Clinical rationale for the study. RBD is an early clinical manifestation of α-synucleinopathies with a more than 90% risk of phe-
noconversion to PD, dementia with Lewy bodies (DLB) or multiple system atrophy (MSA). It remains a subject for debate as to 
whether and how RBD patients should be informed about the high risk of phenoconversion.

The patient’s right to full knowledge regarding his or her health conflicts with the potentially destructive impact of this infor-
mation on his or her mental state and quality of life of them and their relatives.

Material and methods. Thirty-nine patients with PD whose disease was preceded by RBD were surveyed. Data on the course 
of RBD and PD was collected. Questions were asked about early information about the high risk of phenoconversion to patients 
with RBD and factors determining the opinion of the surveyed persons.

Results. The majority (> 60%) of respondents gave a positive answer when asked whether patients should be informed about 
their high risk of developing PD once diagnosed with RBD. Only a few (7.7%) respondents believed that disclosing such informa-
tion to the patient should be possible only after obtaining his or her consent. Respondents associated consent to information 
about the high risk of developing PD in people with RBD with high expectations of the healthcare system. We were unable to 
determine whether factors such as the gender of the subject, the clinical course of the PD, and the RBD duration had an impact 
on patients’ opinions regarding disclosing knowledge about phenoconversion.

Conclusions and clinical implications. Our study provides important information that should influence physicians’ communi-
cation with patients with RBD, especially regarding how they communicate about the high risk of phenoconversion.

Keywords: REM sleep behaviour disorder, phenoconversion, risk disclosure, patients’ expectations, physician-patient relationship

(Neurol Neurochir Pol 2023; 57 (5): 438–443)

Introduction

Rapid eye movement (REM) sleep behaviour disorder 
(RBD) is a parasomnia that affects less than 2% of the adult 
population, as shown by studies using polysomnography 
[1–3]. RBD is characterised by violent motor and vocal ac-
tivity closely related to the content of the patient’s nightmares 

(dream-enactment behaviour) [4–6]. Motor activity is the 
result of loss of atonia during REM sleep [7].

RBD is an early clinical manifestation of α-synucleinopathies. 
Within 15 years from the onset of RBD, more than 90% of patients 
will experience phenoconversion, i.e. they will develop symp-
toms of Parkinson’s Disease (PD) — most often, dementia with 
Lewy bodies (DLB) or multiple system atrophy (MSA) [8–10]. 
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There is ongoing discussion as to whether and how pa-
tients with RBD should be informed about the high risk of 
phenoconversion. The patient’s right to full knowledge about 
his or her health conflicts with the potentially destructive 
impact of this information on the mental state and quality of 
life of the patient and his or her relatives [11–14].

Doubts arise from the fact that it is impossible to predict 
what the effect of phenoconversion (PD, MSA or DLB) will 
be, and how long it will take until the first motor and/or cog-
nitive symptoms appear. Furthermore, there is no treatment 
available to modify the natural course of the neurodegener-
ative process.

Previous research on disclosing information about a high 
risk of phenoconversion to RBD subjects has focused on the 
views and expectations of the patients themselves, as well as 
preferences and practices of physicians. The aim of our study 
was to find out the opinions of patients with PD, in whom the 
disease was preceded by RBD.

 Material and methods

Patients were recruited from the outpatient clinic of the 
Central University Hospital, Medical University of Lodz, 
Poland. The study was conducted according to the guidelines 
of the Declaration of Helsinki. The study protocol was submit-
ted to the Ethics Committee of the Medical University of Lodz, 
which issued an opinion that the study was not a medical 
experiment and did not require approval. Written informed 
consent was obtained from all participants.

In all patients, PD was diagnosed according to the MDS 
clinical diagnostic criteria [15]. 

Inclusion criteria for the study were: a diagnosis of 
PD within the previous seven years, and a ‘yes’ answer to 
a screening question during a routine visit to a neurology 
clinic [RBD Single-Question Screen (RBD1Q): ‘Have you 
ever been told, or suspected yourself, that you seem to ‘act 
out your dreams’ while asleep (for example, punching, flailing 
your arms in the air, making running movements, etc.)?’ [16]. 
Those who met these criteria, and agreed to participate, 
were surveyed at a specially arranged visit to the clinic or 
in their own home. 

Firstly, to confirm the diagnosis of RBD, each patient 
completed an REM Sleep Behaviour Disorder Screening 
Questionnaire (RBDSQ) [17], Polish version); a re-
sult ≥ 5 points confirms a diagnosis of RBD.

Next, the investigator conducted an interview with 
the patient, obtaining all the data necessary to complete 
a questionnaire about demographic data and the course and 
diagnostic process of both RBD and PD. The next questions 
concerned the respondents’ views on disclosing information 
about a high risk of phenoconversion to patients with RBD, 
both in principle and in their own case, and any related ex-
pectations towards the healthcare system.

Results

Two neurologists asked the RBD1Q question to a total of 
132 PD patients during a routine visit. Eighty patients gave 
a positive response and tentatively agreed to participate in the 
study. Later, during an interview with the investigator, 41 pa-
tients denied having a sleep disorder, refused to participate in 
the study, and/or or had a negative RBDSQ score (< 5 points).

Eventually, 39 patients (23 women and 16 men) were in-
cluded in the study. The mean age was 68.9 ± 7.9 (range 45–85) 
years. The education of the patients was as follows: higher 
— 17 persons (43.6%), secondary — 20 (51.3%), primary — 
2 (5.1%). The study group was dominated by retirees (33 per-
sons, 85%); two patients (5%) were unemployed, retirees 
(n = 2; 5%), and two patients (5%) were professionally active. 

Loud vocalisations were indicated as the most bother-
some symptom by most patients (51%) and most household 
members (59%). Violent motor activity was mentioned in this 
context by 38% of patients and 33% of household members. 
After waking up, 31 (80%) of the subjects always or occasion-
ally remembered the content of their dreams. Three persons 
(8%) confirmed that dream enactment caused minor injuries, 
and eight (21%) respondents reported falling out of bed during 
RBD incidents. In four cases, the partner was forced to sleep 
separately due to the patient’s RBD symptoms. Nine patients 
(23%) sought medical help because of the bothersome symp-
toms of RBD. Clonazepam was administered in one case, and 
melatonin in four cases.

In all studied patients, the result of the RBDSQ confirmed 
the diagnosis of RBD: the mean score was 9.10 ± 1.96 (5–13) 
points. The time from the onset of sleep disorders, the picture 
of which could be consistent with RBD, to participation in the 
study, ranged from 48 to 684 (mean 215.1 ± 125.5) months. 
Only four respondents reported that this was shorter than 
100 months, but in the majority of participants (51.3%) it 
did not exceed 200 months. The diagnosis of PD was made 
1–564 (mean 171.7 ± 119.3) months after the onset of RBD 
symptoms. The time from the diagnosis of PD to participation 
in the study ranged from 1–75 (mean 42.6 ± 21.4) months. In 
22 (56.4%) patients, tremor (isolated or in combination) was 
the first symptom, and we called this group the PD (tremor+) 
subgroup. In the remaining 17 (43.6%) participants, tremor 
was neither the first nor an early manifestation of the disease, 
and we called this group the PD (tremor–) subgroup.

To test an association between gender (men vs. women), 
early clinical manifestation of PD (tremor vs. no-tremor) and 
RBD duration (≤ 10 years vs. > 10 years), these variables were 
cross-tabulated with patients’ beliefs about PD risk disclosure in 
RBD patients. Since more than 20% of the cells had an expected 
number of less than 5, we abandoned the calculation of the chi-
square independence test and analysed the data only qualitatively.

The question: ‘Do you think patients should be informed 
about their high risk of developing Parkinson’s Disease once 



440

Neurologia i Neurochirurgia Polska 2023, vol. 57, no. 5

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Table 1. Results of cross tabulation of patient characteristics (gender, first PD manifestation, and duration of RBD) and beliefs about disclosure regarding 
high risk of Parkinson’s Disease in RBD patients

Question Do you think patients should be informed about their high risk 
of developing Parkinson’s Disease once diagnosed with REM 

sleep behaviour disorder?

Would you like to be informed about 
the high risk of developing Parkinson’s 

Disease at the time of the diagnosis  
of REM sleep behaviour disorder?

Participants Answers Answers

Yes, in any  
case n (%)

No, never 
n (%)

Only with patient’s 
consent n (%)

Yes, in any case 
n (%)

No, never 
n (%)

All 25 (64.1) 11 (28.2) 3 (7.7) 27 (69.2) 12 (30.8)

Men (n = 16) 12 (75.0) 3 (18.8) 1 (6.3) 13 (81.3) 3 (18.8)

Women (n = 23) 13 (56.5) 8 (34.8) 2 (8.7) 15 (65.2) 8 (34,8)

PD (tremor+) 

(n = 22)

PD (tremor–) 

(n = 17)

15 (68.2) 6 (27.3) 1 (4.5)

2 (11.8)

16 (72.7) 6 (27.3)

10 (58.8) 5 (29.4) 11 (64.7) 6 (35.3)

Duration of RBD  
before onset of PD

≤ 10 years (n = 19)

> 10 years (n = 20)

 

 12 (63.2)

 13 (65.0)

 

 6 (31.6)

 5 (25.0)

 

 1 (5.3)

 2 (10.0)

 

 12 (63.2)

 15 (75.0)

 

 7 (36.8)

 5 (25.0)

diagnosed with REM sleep behaviour disorder?’ was answered 
‘yes’ by 25 (64.1%) respondents, regardless of gender, first 
manifestation of PD, or duration of RBD before phenoconver-
sion. Only occasionally did respondents believe that disclosing 
such information to the patient should be possible only after 
obtaining his/her consent (Tab. 1).

Also, in response to the more personal question: ‘Would 
you like to be informed about the high risk of developing 
Parkinson’s Disease when you are diagnosed with REM sleep 
behaviour disorder?’, most respondents (27; 69.2%) answered 
‘yes’ (Tab. 1).

Study participants were presented with seven factors that 
might have an impact on their own positive attitude towards 
being informed about the high risk of PD. Respondents were 
asked to indicate any number of factors that influenced their 
positive opinion. These were the following (in parentheses we 
show the percentage of patients indicating a given factor as 
being significant in making a positive decision):
a. To help advance knowledge about RBD (70.4%);
b. To help other patients in the future (44.4%);
c. The possibility to plan future life (81.5%);
d. Time to build relationships with family and friends (74.1%);
e. Ability to change life priorities (59.3%);
f. Getting help and support (77.8%);
g. To prepare for the coming illness (70.4%).

Thus, all factors except one were confirmed by more than 
59% of the respondents. The exception was Helping other pa-
tients in the future, indicated by only 44.4% (Fig. 1).

The patients were also presented with seven factors that 
would make them unwilling to be informed about the high 
risk of PD (in parentheses we show the percentage of patients 
indicating a given factor as significant in making a negative 

opinion). Only 3/7 were indicated by more than half of the 
respondents (Fig. 2).
a. Fear of lowering mood and quality of life (75.0%);
b. Impact of information on life plans (33.3%);
c. Impact of information on life priorities (16.7%);
d. Feeling of powerlessness (66.7%);
e. Impact of information on relationships with relatives (16.7%);
f. Uncertainty of diagnosis (83.3%);
g. Seeking help and support (33.3%).

Consent to being informed about the high risk of de-
veloping PD in people with RBD was associated with high 

Figure 1. Factors relevant for respondents when making positive 
opinion on informing RBD patients early about risk of phenocon-
version. a) To help advance knowledge of RBD; b) To help other 
patients in future; c) Possibility to plan further life; d) Time to build 
relationships with friends and family; e) Ability to change life prio-
rities; f) Getting help and support; g) To prepare for coming illness
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expectations of the healthcare system. All the proposals 
presented to them in this regard were accepted by ≥ 60% of 
the respondents:
a. Regular follow-up visits (100.0%);
b. Constant contact with the same doctor (100.0%);
c. Family doctor included in the treatment team (76.9%);
d. Access to new treatment options or participation in clinical 

trials of new therapies (92.3%);
e. Recommendations on lifestyle (physical activity, nutrition) 

that may affect the risk of developing PD (87.2%);
f. Information about PD (64.1%);
g. Opportunity to receive additional support (e.g. psycholog-

ical, participation in self-help groups) (69.2%).

 Discussion

RBD is an early manifestation of synucleinopathy with an 
over 90% probability of phenoconversion to PD, LBD, or MSA 
[8–10]. All three of these neurodegenerative diseases inevitably 
lead to motor and/or cognitive impairment and force affected 
patients to change their life plans. There is ongoing discussion 
as to whether and how patients with RBD should be informed 
about the high risk of phenoconversion. The patient’s right to 
full knowledge about his or her health conflicts with the poten-
tially destructive impact of this information on the mental state 
and quality of life of the patient and their relatives [11–14].

Doubts about informing patients are raised by the fact 
that it is impossible to predict what the outcome of phenocon-
version (PD, MSA or DLB) will be, and how much time will 
elapse before the appearance of the first motor and/or cognitive 
symptoms. Furthermore, there is no treatment available to 
modify the natural course of the neurodegenerative process.

Respecting the patient’s autonomy should consist, on the 
one hand, in providing them with access to full information 
about their health, and on the other hand in respecting their 
decision to ignore the existence of this information. Patients 
and their doctors should be partners in this process.

Previous research on disclosing information about a high 
risk of phenoconversion has focused on the views and ex-
pectations of RBD patients themselves. In one study [18], as 
many as 92.5% of RBD patients expressed the opinion that 
knowledge about possible future neurodegenerative disease 
was important to them. According to 75.3% of them, a lack 
of information about the risk of phenoconversion — after the 
diagnosis of RBD was made — would result in a loss of trust 
in the physician. More than half (56.7%) of the respondents 
believed that the physician should ask the patients about their 
preferences in this regard [18].

On the other hand, and perhaps surprisingly, 54% of pa-
tients with Parkinson’s Disease expressed the opinion that they 
would not like to be informed about suspected PD early in the 
diagnostic process, before a final diagnosis is made (e.g. when 
only the diagnostic criteria for prodromal PD were met) [19]. 
Moreover, the vast majority (87%) of respondents accepting 
early information believed that disclosing such information to 
the patient should be preceded by obtaining his or her consent. 
Thirty seven percent of patients were willing to accept early 
disclosure of risk only if it opened access to new therapies for 
the patient [19].

The aim of our study was to obtain opinions on disclosing 
the risk associated with RBD among PD patients for whom 
this form of sleep disturbance was the first clinical manifes-
tation of the neurodegenerative process. It might be expected 
that the opinion of PD patients on disclosing a high risk of 
phenoconversion would be different than that of those with 
RBD. Patients with PD can retrospectively assess at what 
point in their lives they received information about the risk 
of developing a neurodegenerative disease, and what impact it 
had on their decisions at that time. They also know when the 
first symptoms of PD appeared and how these symptoms de-
termined their future lives. Moreover, they have been through 
an entire diagnostic process.

To both questions regarding early disclosure of the risk 
of PD to people with RBD, the majority (64.1% and 69.2%) 
of our respondents gave positive answers. Study participants 
were able to indicate many more arguments supporting this 
position than arguments justifying not providing patients 
with information. In this respect, our respondents’ views were 
much closer to those of persons with RBD [18] than to those 
of patients with PD [19].

It is likely that patients’ different perspectives and ex-
periences influence their views on early disclosure of RBD- 
-related conversion risk and communication of suspected PD 
before a final diagnosis is made. In our study group, the time 
from the diagnosis of PD ranged from 1 to 75 (42.6 ± 21.4) 
months, while in the material [19] with which we compared 

Figure 2. Factors relevant for respondents when making 
a negative opinion on informing RBD patients early about risk 
of phenoconversion. a) Fear of lowering mood and quality of life;  
b) Impact of information on life plans; c) Impact of information on 
life priorities; d) Feeling of powerlessness; e) Impact of informa-
tion on relationships with relatives; f) Uncertainty of diagnosis;  
g) Seeking help and support
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our patients, it ranged from 1 to 24 (median 6) years. The 
longer duration of disease meant that a greater number of 
patients represented an advanced stage of the disease. They 
had experienced the limited effectiveness of oral therapies, 
motor fluctuations and dyskinesias, and they had experienced 
a significantly higher incidence of non-motor symptoms. For 
many of them, progressive disability and social isolation were 
challenges.

Both the patients in our study group, and those in the 
groups presented by other authors [18, 19], expressed the 
belief that consent to early disclosure of a high risk of phe-
noconversion should be associated with special support from 
the healthcare system.

Significant discrepancies concern patients’ opinions about 
the physician obtaining the patient’s consent before providing 
complete information about the risk of neurodegenerative 
disease. In our material, only 7.7% of respondents made 
disclosing the risk of PD dependent on the patient’s consent. 
Just over half (56.7%) of Mayo Clinic RBD patients did not 
see a need for their physician to obtain consent from them to 
provide information about phenoconversion [18]. 

On the other hand, the vast majority (87%) of German 
PD patients — who accepted information about the disease 
before the final diagnosis — indicated obtaining the patient’s 
consent as a condition that should be met [19]. It is likely that 
these significant differences reflect, at least to some extent, 
differences in physician-patient relationships across different 
healthcare systems.

Several limitations of our study must be acknowledged. 
Although a much larger number of patients were prescreened, 
the size of the study group was ultimately limited. We were 
unable to determine whether factors such as the gender of the 
subject, the clinical picture of PD, and the RBD duration had an 
impact on patients’ opinions regarding disclosing knowledge 
about phenoconversion. Our study was retrospective and con-
cerned the distant past. The extreme values of some data (e.g. 
duration of RBD until phenoconversion) may raise doubts. 
However, these were not important in evaluating respondents’ 
opinions on disclosing the risk of phenoconversion.

Despite the above-mentioned limitations, our study, the 
first to assess the opinions of PD patients on informing per-
sons with RBD about the risk of phenoconversion, provides 
important information that should influence physicians’ 
communication with patients.

In practice, the approach of physicians in this respect varies 
significantly. While most physicians involved in the diagnosis 
and treatment of patients with RBD provide patients with 
information about phenoconversion, only a few routinely ask 
patients about their preferences for receiving this information 
[20], and an even smaller group attempts to provide the patient 
with a quantitative estimate of risk. 

The means by which, and the extent to which, knowledge 
about conversion should be disclosed to patients remains 

a subject of debate [12, 14, 21]. The solutions that will be 
adopted should take into account the preferences of patients 
themselves.
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 ABSTRACT
We recently found that glucocorticosteroids (GCs) have protective effects in CSF1R mutation carriers against developing symp-
tomatic CSF1R-related leukoencephalopathy. Our findings were subsequently confirmed in a mouse model study. 

We have received many questions from patients, their families, patient organisations, and healthcare practitioners about the 
optimal type of GCs, the dose, the route of administration, and application timing. This paper attempts to answer the most 
urgent of these questions based on our previous studies and personal observations. Despite the promising observations, more 
research on larger patient groups is needed to elucidate the beneficial actions of GCs in CSF1R mutation carriers.

Keywords: leukoencephalopathy, glucocorticosteroids, spheroids, hereditary

(Neurol Neurochir Pol 2023; 57 (5): 444–449)

CSF1R-related leukoencephalopathy (CRL) is an auto-
somal dominant neurodegenerative disease with worldwide 
prevalence, rapid progression, and an ominous prognosis, with 
death ensuing within a few years [1]. Currently, treatment op-
tions are limited to supportive care and possibly hematopoietic 
stem cell transplantation [2]. Our previous observations on 
pathogenic CSF1R mutation carriers exposed to long-term 
immunosuppressive therapy who did not develop symptomatic 
disease prompted us to evaluate the effects of glucocorticos-
teroids (GCs) on the disease course [3]. 

We conducted a retrospective cohort study on 41 CSF1R 
mutation carriers, of which eight took GCs for various unre-
lated medical reasons at the asymptomatic stage of the disease 
[4]. We found that individuals exposed to GCs were less likely 
to develop symptomatic disease, or to become dependent in the 
activities of daily living, and less frequently had white matter 
lesions and corpus callosum involvement on neuroimaging [4]. 
Our findings were confirmed in an animal model, in which 
mice carrying an inactivated allele of CSF1R and exposed to 

GCs did not develop symptomatic disease, nor demyelination, 
neurodegeneration nor microgliosis, on neuropathological 
evaluation [5]. 

These promising results from our studies on a possible 
protective effect of GCs against symptomatic CRL sparked 
considerable interest among patients, their families, patient 
organisations, and healthcare practitioners. We have received 
many questions about the optimal type of glucocorticosteroid, 
the dose, the route of administration, and application timing 
in asymptomatic and symptomatic CSF1R mutation carriers. 
We suggested that more research needs to be done before im-
plementing GCs in clinical practice [4]. Generally speaking, 
there is limited interest within the pharmaceutical industry in 
performing clinical trials on already FDA-approved medica-
tions. Even more importantly, conducting such a medication 
trial would take many years (definitely beyond the timeframe 
of currently conducted medication trials). Based on our pre-
vious studies and personal observations, we here attempt to 
answer the most important questions. 
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Our thoughts presented below have significant limitations 
and must be read only as our personal views, and not as form-
ing any recommendations or guidelines. 

GCs differ in terms of their anti-inflammatory potency, 
hormonal activity (mainly mineralocorticoid effects), and 
duration of hypothalamic-pituitary-adrenal axis suppression 
(HPA) (ranging from hours to days) [6, 7]. Based on the dura-
tion of HPA axis suppression, GCs are classified as short-acting 
(hydrocortisone), intermediate-acting (prednisone, predni-
solone, methylprednisolone, triamcinolone), or long-acting 
(dexamethasone, betamethasone) [7]. It is important to note 
that as GC effects are mainly mediated through intracellular 
and nuclear mechanisms, their therapeutic effects persist 
beyond their plasma elimination time [6, 8]. Chronic GC 
therapy is associated with a number of side effects, including 
increased mortality, psychiatric (anxiety, irritability, mood 
liability, insomnia, psychosis), cognitive (memory impair-
ment), musculoskeletal (osteoporosis, fractures, myopathy), 
endocrine  (adrenal suppression, Cushingoid features), 
metabolic (hyperglycaemia, diabetes, dyslipidemia, obesity), 
cardiovascular (hypertension), ophthalmological (cataracts, 
glaucoma), gastrointestinal (gastritis, peptic ulcer disease, 
dyspepsia), dermatological (skin thinning, purpura, red 
striae), and immunosuppressive (predisposition to infection) 
complications [7]. 

In addition, GCs may interact with other non-steroid 
medications, leading to decreased or increased exposure to 
GCs or non-steroid medications, resulting in a higher risk of 
side effects and drug toxicity [7]. As the harm associated with 
GC therapy and GC-related toxicity depends on the dose and 
duration of the therapy, the goal is the lowest effective dose 
for the shortest duration [7, 9]. Short-term GC courses (i.e. 
less than two weeks) are unlikely to suppress the HPA axis, 
and steroid tapering is not needed [10, 11]. In most studies, 
adverse effects have been linked to long-term treatment with 
a prednisone equivalent daily dose of more than 5–7.5 mg [8]. 
In a recent consensus paper of the European League Against 
Rheumatism’s task force group, the authors concluded that 
a daily dose of  ≤ 5 mg prednisone equivalent conveyed an 
acceptably low level of harm in rheumatic diseases, with the 
exception of patients at high risk for cardiovascular disease (i.e. 
older age, male sex, obesity, hypertension, diabetes, dyslipi-
demia) [9]. A daily prednisone equivalent dose of > 10 mg was 
linked with elevated harm, whereas the benefit-risk balance of 
daily prednisone equivalent doses between 5 and 10 mg was 
determined by patient-specific conditions (i.e. risk factors, 
comorbidities) [9]. The general risk of GC-related complica-
tions is higher in older individuals with concurrent medical 
problems, unhealthy lifestyles, those who smoke, have high 
alcohol consumption, and bad nutrition [8, 9]. The risk of 
GC-related complications can be lowered by adopting healthy 
behaviours such as regular physical exercise, a healthy diet 
(low in saturated fat and sodium), stopping smoking, lower 
alcohol consumption, sufficient vitamin D and calcium intake, 

and weight loss [9]. Monitoring for potential complications, 
preventive and therapeutic measures is recommended to ad-
dress the most common serious GC-related side effects [9]. 
Influenza, pneumococci, and herpes zoster vaccinations are 
proposed in patients on chronic GC therapy [9]. Patients at 
high risk for osteoporosis may be prescribed bisphosphonates, 
osteoanabolic drugs, or selective oestrogen receptor modu-
lators, whereas statins and angiotensin-converting enzyme 
inhibitors may benefit patients at high cardiovascular risk  [9]. 

Therefore, the ultimate benefit-versus-risk balance depends 
on the GC therapy regimen (dose and duration) and the in-
dividual patient profile.

Based on basic science studies, at least partial preservation 
of microglia is a prerequisite for GCs to exert their positive 
effects in CRL [4, 5]. In line with this, we demonstrated the 
beneficial effects of GCs in asymptomatic human and mouse 
CSF1R mutation carriers [4, 5]. The age at GC therapy onset 
ranged from 21–50 years, with a median 34.5 years in our 
retrospective clinical study [4], and 3 months in the mouse 
model study [4], which corresponds to 20 human years [12, 
13]. In the clinical study, the group treated with GCs was 
heterogeneous regarding the type of medication, dose, route 
of administration, therapy duration (median of 14.5 years, 
range 2–25 years), and mono- or poly-GC therapy [4]. In the 
animal study, the mice received slow-release subcutaneous 
prednisone 1.8 mg/kg/day for 12 months [5], corresponding 
to human exposure of 0.146 mg/kg (8.75 mg in a 60-kg adult) 
[5, 14] for 30 years [12, 13].

It is challenging to convert subcutaneous prednisone to its 
oral equivalent, as such a formula is not available for humans. 
However, another glucocorticoid, dexamethasone, is converted 
in a 1:1 or 0.825:1 ratio between oral and subcutaneous appli-
cations [15]. Hence, the translated dose from the mouse model 
study [5] equals an approximate oral daily prednisone dose of 
7.2–8.75 mg/kg in a 60-kg (132 lbs) adult human. 

The age at onset in CRL has been previously calculated at 
43 ± 11 years (mean ± 1 SD, range 18–78 years) for both sexes 
[16]. Women develop symptomatic disease on average seven 
years earlier than men, with an age at onset of 40 ± 10 com-
pared to 47 ± 11 years (mean ± 1 SD), respectively [16]. One 
possible explanation for the observed dichotomy in sympto-
matic onset may be hormonal differences. As some studies 
have shown that men display higher cortisol levels compared 
to women [17, 18], we hypothesise that physiological differ-
ences in GCs levels between men and women may lead to later 
symptomatic onset in men. 

The age at onset may also depend on CSF1R mutation, 
and kindred studies may help in better understanding gen-
otype-phenotype associations and predicting the timing of 
symptomatic disease onset in carriers of specific mutations. 
Ideally, the GCs would be initiated a few years before the 
predicted symptomatic onset, limiting the lifetime exposure 
to GCs. However, in carriers of CSF1R mutations that are not 
well characterised, a general (based on all CSF1R mutation 
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carriers) [16] age at onset would determine the GCs initiation. 
The application of age at onset encompassing two standard 
deviations (2 SD) would allow the inclusion of c.95% of all 
cases. Thus, starting ages for prophylactic GCs initiation of 
20 years for women and 25 years for men seem reasonable. 

We speculate that GCs could also be of potential benefit 
in the early stages of CRL when a substantial fraction of mi-
croglia still functions properly. As no systematic studies have 
addressed GCs use in symptomatic CSF1R, we searched the 
literature and our records for reports of symptomatic CRL 
mutation carriers treated with GCs, finding a total of 12 pa-
tients (Tab. 1). Unfortunately, in most cases, the information 
on the GC regimen was scarce. However, as more than half 
of the cases (n = 7) received GCs for misdiagnosed multiple 
system sclerosis, it can be assumed that it was a pulse therapy. 
The timing of the treatment varied, but in most cases, patients 
received GCs when they were already severely affected. Three 
cases received repeated courses of intravenous methylpred-
nisolone followed by oral therapy with downward titration 
starting in the first two years of their disease, and did not 
benefit from the treatment [19, 20]. However, they presented 
rapidly progressive phenotypes, and could have been already 
advanced when initially exposed to GCs. In the whole group, 
a lack of benefit was observed in all but one case, who received 
pulse therapy with GCs and immunoglobulins, “which slightly 
relieved his dementia symptoms” [21]. However, the improve-
ment in this patient is questionable, because at the 3-month 
follow-up, the authors noted worsening of the symptoms [21]. 
Based on arguments from the previous studies, we speculate 
that GCs may also be beneficial at the early stages of symp-
tomatic disease; however, no benefit can be expected at the 
advanced stages of the disease, when already most microglia 
are damaged and dysfunctional; and not as a one-time dose 
(pulse therapy). More studies are needed to gain insight into 
these important aspects in the early disease stages of CRL.

The annual incidence of short-term oral GC treatment in 
the United States has been estimated at 7%, with approximately 
one in five adults receiving at least one course of therapy in 
three years for various medical reasons [22]. The chronic oral 
GC intake has been estimated at 0.6–1.2%, with more than 
70% of patients using prednisone [23, 24]. 

Due to systemic action, high bioavailability, non-inva-
siveness, and relatively low cost, oral prednisone would be the 
first choice among GCs for use in CSF1R mutation carriers. 
Since most serious side effects are associated with prednisone 
equivalent doses of higher than 5 mg/day, we speculate that 

the initial oral dose for asymptomatic CSF1R mutation carriers 
would not exceed 5 mg per day. Repeated short-term courses 
would obviate the need for steroid tapering, and limit the 
side effects. 

Any biomarkers of disease progression would be invalu-
able for deciding upon the optimal timing of GC initiation, 
monitoring the therapy effects, and allowing appropriate 
titration of GCs according to individual needs. However, the 
role of both non-specific (e.g. neurofilament light chain, glial 
fibrillary acidic protein, tau protein) or specific to microglia 
(e.g. positron emission tomography imaging of the transloca-
tor protein, not yet discovered proteins unique to microglia) 
biomarkers is yet to be verified in CSF1R mutation carriers. 
Thus, an annual comprehensive clinical assessment with neu-
rological, neuropsychological, and neuroimaging  (preferably 
with 7 Tesla magnetic resonance imaging [25]) evaluations, 
remains the best strategy to monitor asymptomatic CSF1R 
mutation carriers, detect early first signs of conversion from 
asymptomatic to symptomatic disease, and monitor sympto-
matic disease progression. 

Given all these considerations, we hypothesise that the 
starting GC regimen in asymptomatic CSF1R mutation carri-
ers would include a 7-day prednisone course of 5 mg per day 
every 3–4 months. However, if signs of disease progression 
are detected, as they are today by means of neurological, 
neuropsychological, or neuroimaging (7-Tesla brain MRI) 
assessments, or by means of biomarkers as they may be 
tomorrow, an intensified GC regimen would be introduced. 
That could involve an increased duration of GC courses, an 
increased daily dose, or a transition to more potent GCs (e.g. 
methylprednisolone pulses). 

Despite the promising results from earlier studies,  more 
research on larger patient groups is needed to elucidate the 
beneficial actions of GCs in asymptomatic and symptomatic 
CSF1R mutation carriers. We cannot exclude that an uni-
dentified confounder impacted upon previous observations, 
particularly the clinical ones, which were based on a small 
number of patients. As a randomised clinical trial would be 
challenging, in terms of time, cost and ethics, a retrospective 
meta-analysis based on a multicentre collaboration is the 
ultimate means we would use to provide further evidence, 
or a lack thereof. Additional basic science studies of novel 
targets downstream of GCs are underway. The last decade 
has seen the discovery of the genetic cause underlying the 
disease; hopefully, our observations will hasten the emergence 
of preventive therapy. 
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To the Editors

Huntington’s Disease (HD; OMIM# 143100) is a genetic 
neurodegenerative disorder classically characterised by mo-
tor symptoms including chorea, psychiatric and behavioural 
disturbances, and progressive cognitive deterioration [1]. 
Chorea, flowing from one body part to another in a non-pat-
terned fashion, is the most characteristic clinical phenom-
enon in adult-onset HD. On the other hand, patients may 
also develop an akinetic-rigid syndrome, which is the most 
common presentation of juvenile HD (known as Westphal 
variant) in addition to representing the advanced stage of HD 
when chorea is often no longer present. Less common initial 
motor presentations of HD exist, e.g. dystonia can be the first 
noticeable symptom of HD, as well as tics, and cerebellar and 
pyramidal signs [2]. 

Here, we describe an uncommon clinical manifestation of 
HD in a genetically proven case and underline the fact that 
HD can display a much wider phenotypic spectrum than is 
usually considered.  

A 53-year-old male developed progressive walking difficul-
ties with marked postural instability and balance impairment 
over a six-month period, in addition to dysarthria, clumsiness 
in the upper limbs with dystonic posturing, and memory 
impairment. The patient’s grandmother had been affected by 
a similar condition without a formal diagnosis, his mother had 
been affected by dementia, and his daughter had a diagnosis of 
Down’s syndrome. On examination, the patient presented with 

hypomimia, and his eye movements disclosed broken smooth 
pursuit. He had bilateral upper limb bradykinesia and mild 
apraxia. Additionally, he presented with generalised dystonia 
mainly affecting the trunk and upper extremities. His gait was 
only minimally broad-based, and he was unable to perform 
tandem gait. Brain MRI revealed prominent putaminal atrophy, 
and iron deposition in the basal ganglia on T2 sequences, with 
FC/CC of 1.5 and an increased CC/IT ratio to 0.22 (Fig. 1).  
The patient was screened for iron storage diseases and Wil-
son’s Disease, both of which came back as negative. Molecular 
analysis of HTT showed a mutant allele with 43 CAG repeats, 
consistent with a diagnosis of HD. Six months after his initial 
presentation, he developed generalised chorea. 

Here we report a patient with atypical presenting features 
of HD, namely dystonia. Despite chorea being the most prom-
inent motor symptom of adult-onset HD, recent studies have 
shed light on non-choreatic movement disorders in HD, either 
at onset or throughout the disease course [3]. Interestingly, 
non-choreatic presentations have been correlated with longer 
CAG repeat expansions and earlier onset [4]. Additionally, 
MRI has revealed elevated brain iron accumulation (Fig. 1), 
which had been previously described in HD patients as a result 
of alteration in metal homeostasis. However, no specific motor 
presentation has been associated with this brain image [5].

The most common manifestations of HD, other than 
chorea, seem to be dystonia, ataxia, parkinsonism and tics, 
although exact numbers are lacking. Parkinsonian signs of 
HD are less often reported than chorea, but seem to progress 
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in a fairly linear pattern. Becker et al. reported one patient  
with segmental dystonia, while Hu et al. reported one patient with  
early-onset blepharospasm followed by cervical dystonia  
with torticollis and retrocollis; approximately 12% of adult-on-
set HD patients manifest with prominent dystonia [3]. 

In conclusion, diagnostic difficulties may arise when HD 
manifests atypically with non-choreatic motor symptoms. 
Greater awareness of rare presentations of HD, especially when 
symptoms overlap with psychiatric co-morbidities, and dili-
gent history-taking regarding the patient’s family, will improve 
diagnosis and aid management. Our case serves to highlight 
that HD can display a much wider phenotypic spectrum than 
that which is classically considered, especially in extending to 
symptoms beyond chorea. 
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To the Editors

I read with interest Boczarska-Jedynak’s article on 
a cross-sectional online survey using an electronic question-
naire among 81 aesthetic medicine professionals (AMPs) on 
knowledge and the standard of treatment of chronic migraine 
with botulinum toxin (BTX), brand OnaBoNT-A [1]. 

It turned out that only a third of the AMPs rated the effec-
tiveness of BTX as good, and that most respondents wanted to 
expand their knowledge and skills regarding BTX treatment of 
migraine [1]. It was concluded that while there is willingness 
to treat migraine among AMPs, current knowledge and skills 
in migraine are limited, and that programmes should be es-
tablished to educate physicians authorised to administer BTX 
to treat migraine with BTX [1]. Boczarska-Jedynak’s study is 
excellent, but has limitations that should be discussed.

I disagree with the suggestion that AMPs should inject 
OnaBoNT-A for migraine [1]. Firstly, migraine is a neuro-
logical disorder and diagnostic and therapeutic management 
should remain in the hands of the neurologist. Secondly, 
migraine is often complicated by pre- or post-headache phe-
nomena such as aura, hemiplegia, visual impairment, ophthal-
moplegia, dizziness or gait disturbance, that require evaluation 
by a neurologist. Migraine can sometimes even be complicated 
by stroke or seizures [2]. Therefore, adequate post-ictal man-
agement [electroencephalogram (EEG), magnetic resonance 
imaging (MRI), prophylaxis] of migraine patients can only be 
carried out by neurologists. Thirdly, migraine can be a feature 
of a syndrome (e.g. MELAS) that requires extensive evaluation 

by specialised neurological centres. Another argument against 
AMPs for the treatment of migraine is that 13% of AMPs in 
the index study used BTX, regardless of whether the patients 
were diagnosed with migraine or not [1]. In addition, 21% 
responded that they knew nothing about migraine and seven 
respondents did not know the diagnostic criteria of migraine 
[1]. In addition, a non-neurologist may not be able to correct 
the diagnosis when symptoms and signs no longer meet the 
diagnostic criteria [3]. I also disagree with the statement in 
the introduction that AMPs have extensive BTX treatment 
experience [1]. Given that 26% of the index study respond-
ents were dentists [1], it cannot be guaranteed that they were 
familiar with the use of BTX in migraine. 

A limitation of the study is that it was conducted using 
an electronic questionnaire. The disadvantages of electronic 
questionnaires are that it is impossible to check whether the 
data provided is reliable, whether the addressees actually 
answered the questions themselves, that missing data cannot 
be replaced, and that additional, interesting, data cannot be 
obtained.

Another limitation is that alternative and less expensive 
therapy options for the treatment of migraine were not 
discussed. These include diet, the avoidance of triggering 
factors including certain medications, adequate water intake, 
nonsteroidal, anti-inflammatory drugs (NSAIDs), tryptanes, 
and monoclonal antibodies (e.g. erenumab). BTX should 
only be administered in refractory cases, in which neither 
prophylactic measures nor acute treatment lead to an adequate 
therapeutic response. 
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The indication for BTX in migraine mentioned in the 
discussion is contradictory, since the indication also included 
tension-type headaches [1]. If chronic migraine is defined as 
the “presence of headache (tension-type and/or migraine) for 
at least 15 days/month during the last three months”, patients 
with isolated tension-type headache, or a mixture of both 
migraine and a tension-type headache, could be treated with 
BTX. This discrepancy should be clarified.

Finally, it is questionable whether BTX is really effective 
for migraines or rather only for tension-type headaches or 
mixed headaches. In addition, it is conceivable that the effect 
of BTX in migraine patients is based on a placebo effect. 
As societies around the world are stressed and neuroticised  
by external influences or internal strains, they are affected by 
stress and therefore prone to muscle tension. In addition, it 
is possible that non-neurologists tend to interpret headaches 
more often as migraines simply for commercial reasons. If 
a migraine is diagnosed, BTX treatment is reimbursed but 
may not necessarily be indicated.  

Overall, I feel that this interesting study has limitations 
which challenge the results and their interpretation. Addressing 
these limitations could further strengthen and reinforce 
the study. AMPs should not be included in the treatment of 

migraines. Headaches, whether primary or secondary, should 
remain the domain of the neurologist. The diagnostic and 
therapeutic management of chronic and episodic migraine 
is complex and constantly requires new considerations. For 
many patients, treatment cannot be standardised but must 
be individualised to achieve the optimal individual outcome.
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To the Editors

I would like to thank Dr. Finsterer for his interest in my 
article, and I welcome his comments [1]. I am happy that it has 
provoked a discussion on treating chronic migraine (CM) with 
botulinum toxin (BTX) by specialists other than neurologists. 
This article is the first to have assessed the actual situation in 
Poland  [2], although the topic is of concern to many other 
countries also. The commercial market of BTX treatment for 
CM is continually developing, trying to meet patient needs and 
overcome barriers to accessing treatment. Based on labels, the 
use of products is not restricted to professionals experienced in 
treating CM. As a result, BTX is used to treat CM by neurologists, 
but also by aesthetic medicine practitioners (AMPs), orthopaedic 
surgeons, anaesthetists, and dentists. Any licensed physician 
can use BTX for various indications, including CM. My article 
looked at real-life practice and neither suggested nor approved 
treatment of CM with BTX by specialists other than neurologists. 
It did include a discussion of some weaknesses in today’s practice; 
however, it did not suggest it should either be prohibited or stig-
matised. Physicians have the right to use a medication registered 
for a given indication to help their patient. I merely wish those 
practitioners using BTX to treat CM to know the diagnostic 
criteria, the principles of injection technique, and good patient 
management. The results map areas of improvement, at least in 
Poland, where the therapy was not reimbursed for 12 years. This 
led to the development of a commercial market for the treatment 
of CM in Poland, primarily owned by AMPs.  

Undoubtedly, the diagnosis of migraine, especially CM, 
should be the domain of neurologists. Similarly, the manage-
ment of patients with complicated migraine, especially those 
with a coexisting medication overuse headache, must be left 
in the hands of a neurologist. However, there is no reason why 
other specialists, including AMPs, could not perform the BTX 
injections after a neurologist has qualified the patient and 

provided that the procedure is performed correctly, following 
the PREEMPT protocol. 

Patients might benefit if a neurologist avoids performing such 
a procedure, and instead cooperates with an AMP. There is an 
important reason for that. Due to the anatomical distinctiveness 
of each patient’s face, the injection, according to the PREEMPT 
protocol, can cause the patient’s appearance to alter unfavourably 
e.g. brow ptosis or the Mephisto symptom. This is especially im-
portant for women, and is sometimes the reason for discontinu-
ing BTX for CM therapy. AMPs deal with such complications of 
BTX application much better than do most neurologists. Andrew 
Blumenfeld and I recently described an individualised approach 
for combining neurological and aesthetic treatments [3].

This preliminary study, performed using an online ques-
tionnaire, has many limitations. However, it might provide 
guidelines for further education directions among physicians 
in Poland. Given that every doctor in Poland, by law, can use 
BTX for CM, although they sometimes lack the knowledge 
and experience to do so correctly, it is surely safer to train 
those who do it anyway and encourage them to cooperate 
with neurologists regarding the diagnosis, qualification, and 
management of CM patients.
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