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Disability as a determinant of fatigue in
MS patients

Incapacidade como determinante da fadiga em pacientes com EM
Fernanda M. TAVEIRA', Nayara F T. BRAZ'?, Elizabeth R. COMINI-FROTA', Anténio L. TEIXEIRA™?, Renan B. DOMINGUES'

ABSTRACT

Fatigue is one of the most frequent and disabling symptoms in multiple sclerosis (MS). Central, psychological, and peripheral factors may
contribute to the occurrence of fatigue. Objectives: The current study aimed to evaluate potential fatigue determinants in patients with
relapsing-remitting MS with a low functional impairment. Methods: We compared inflammatory markers, respiratory pressures, disability,
and quality of life in 39 relapsing-remitting MS patients with and without fatigue. Results: Patients with relapsing-remitting MS with
fatigue had higher Expanded Disability Status Scale scores (p = 0.002). We observed a significant association between the results of the
Guy Neurological Disability Scale, the Functional Assessment of MS Quality of Life Rating Scale and the presence of fatigue (p < 0.05).
Conclusions: The degree of functional impairment is a determinant for the presence of fatigue in MS patients, but respiratory function and
inflammatory markers are not.
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RESUMO

A fadiga é um dos sintomas mais frequentes e incapacitantes na esclerose multipla (EM). Fatores centrais, psicolégicos e periféricos
podem contribuir para a ocorréncia de fadiga. Objetivos: O presente estudo teve como objetivo avaliar potenciais determinantes de fadiga
em pacientes com EM remitente-recorrente (EMRR) com baixo nivel de incapacidade funcional. Métodos: Foram comparados marcadores
inflamatorios, pressoes respiratérias, incapacidade e qualidade de vida em 39 pacientes com EMRR com e sem fadiga. Resultados:
Pacientes com EMRR com fadiga apresentaram maior Escala de Incapacidade Funcional Expandida (p = 0,002). Observamos uma
associacao significativa entre os resultados da Escala de Incapacidade Neurolégica de Guy e Escala de Avaliacao da Qualidade de Vida
Funcional com a presenca de fadiga (valores de p < 0,05). Conclus&o: O grau de comprometimento funcional, mas nao a funcao respiratéria
e 0os marcadores inflamatoérios, sdo determinantes para a presenca de fadiga em pacientes com EM.

Palavras-chave: Esclerose multipla; fadiga; inflamagéo.

Multiple sclerosis (MS) is a chronic demyelinating
and inflammatory disease of the central nervous system.
Fatigue is one of the most frequent and disabling symp-
toms in patients with MS, affecting nearly 75-90% of
patients'. Fatigue in MS is a multifactorial and complex
symptom whose pathophysiology is not yet fully under-
stood® Dysregulation of the immune system, neurophysi-
ological, and neuroendocrine dysfunctions, as well as other
factors such as lack of physical conditioning, sleep distur-
bances, pain, and drug side effects, have been proposed as
potential determinants of fatigue®. The role of inflamma-
tion or immune dysfunction in fatigue is still debatable.
Theoretically, altered cytokine concentrations in MS could

contribute to the occurrence of fatigue®. It has been sug-
gested that some pro-inflammatory cytokines, such as IL-6
and TNF-o, may play a prominent role in the development
of fatigue®®.

Arole of respiratory impairment in fatigue development in
MS has also been proposed. A significant inverse correlation
between fatigue severity and respiratory muscle strength and
endurance suggests that respiratory muscle weakness may
contribute to fatigue in MS patients’. Once present, fatigue
has been associated with reduced perception of quality of
life'®, limited physical activity®"’, depression and anxiety'""
among MS patients. Most studies have evaluated fatigue in
patients with significant functional impairment, but only a
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few studies have evaluated this symptom in patients with low
functional impairment scores'”'?.

In the present study, we evaluated potential fatigue deter-
minants in patients with relapsing-remitting MS with a low
level of functional impairment.

METHODS

Participants

Thirty-nine patients with relapsing-remitting MS accord-
ing to the criteria established by the International Panel for
the Diagnosis of Multiple Sclerosis™ were included in this
study. All patients were using disease-modifying drugs and
were receiving regular neurological follow-up. All patients
had low level of disability (Expanded Disability Status Scale
[EDSS] < 4). Patients with other neurological or pulmonary
diseases, temporomandibular dysfunction, altered Mini
Mental State Examination (scores < 25), as well as patients
already undergoing respiratory physiotherapy or who had
had a relapse in the last three months were not included.

All participants were over 18 years old, and signed a writ-
ten informed consent.

Body mass index, inflammatory markers (TNF and IL-6),
maximal inspiratory pressure, maximal expiratory pressure
and peak expiratory flow were determined. The EDSS", Guy
Neurological Disability Scale (GNDS)" and the Functional
Assessment of Multiple Sclerosis (FAMS) quality of life scale'
were applied to all patients. The Modified Fatigue Impact Scale'
scale was used to assess fatigue. The patients were considered
to have clinically significant fatigue when the Modified Fatigue
Impact Scale score was equal to or greater than 38™ Based on
the fatigue score, the patients were divided according to the
presence or absence of fatigue, to analyze the other variables.

The study was approved by the local ethics committee of
the Federal University of Minas Gerais, Brazil.

Inflammatory markers determination

Ten milliliters of peripheral venous blood were collected
in BD-Vacutainer’ tubes containing sodium heparin, from
the 39 patients. After collection, the samples were submitted
to centrifugation at 3,000 g for 10 minutes. Plasma was col-
lected and stored in a freezer at -80°C. All the analyses were
carried out at the Interdisciplinary Laboratory of Medical
Investigation of the Federal University of Minas Gerais.

A cytometric bead array was performed to determination
of TNF and IL-6 cytokines, following the instructions from
the manufacturer (Becton & Dickinson, San Jose, CA, USA).
The results were expressed as pg/mg of total protein.

Manovacuometry and peak flow

Measurements of respiratory pressures were performed
using a manovacuometer (model MI120; Commercial
Medical, Sdo Paulo, Brazil) with a variation from -120 cmH,O

(maximal inspiratory pressure) to +120 cmH,O (maximal
expiratory pressure). Peak expiratory flow was determined
according to the manufacturer’s recommendations (Asses
model, full range 60-880 L/min, Respironics New Jersey, Inc.,
USA). All procedures were performed three times and the
largest measure obtained was selected.

Statistical analysis

Statistical analysis was performed with SPSS software.
The 95% confidence interval (CI) was adopted, and the level
of significance was set at p < 0.05. The Shapiro-Wilk test was
used to assess normality of data.

In a univariate analysis, we evaluated the factors associ-
ated with the presence of fatigue among MS cases. The Chi-
square test or Fisher's exact test were used to compare the
categorical variables. In the comparison of numerical vari-
ables, the nonparametric Mann-Whitney test was used for
the variables with asymmetric distribution and the Student’s
t-test for those with normal distribution.

In the multivariate analysis, the binary logistic regression
model was used. For input of predictor variables in the model,
a p-value of less than 0.20 was considered in the univariate
analysis. The forward criterion was used to enter the vari-
ables in the model and, for the permanence of the variables
in the final model, a level of 5% of significance was adopted.

After adjustment of the final model, the odds ratio
adjusted with the respective 95% CI was evaluated.

RESULTS

The demographic data analyzed were not significantly
different between patients with and without fatigue. The
EDSS, GNDS, and FAMS scores were higher among patients
with fatigue (Table 1).

No significant difference in the evaluated respiratory
parameters and inflammatory markers was found between
patients with and without fatigue (Tables 2 and 3).

Age, EDSS score, smoking, maximal expiratory pressure,
peak expiratory flow, GNDS, and FAMS scores were evalu-
ated by multivariate analysis considering the presence of
fatigue as the dependent variable (Table 4).

The only variable that showed a significant association
with the presence of fatigue was the GNDS score (odds ratio
1.62, 95% CI 1.20-2.18). The binary logistic regression model
indicated that with the increase of one unit in the total GNDS
score, there is a 1.62-fold increase in the chance of presenting
with fatigue (95% CI = 1.20-2.18) (Table 5).

DISCUSSION

In the last decades, several instruments for evaluating clin-
ical severity and functional deficits in MS have been translated,
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Table 1. Demographic and clinical characteristics associated with the presence of fatigue among MS patients.

Presence of Fatigue

Variable p-value
No (n = 20) Yes (n = 19)

Age 0.181**
Mean * standard deviation 35.8+7.2 42.6+13.3
Median (minimum - maximum) 35 (20-53) 38 (25 - 64)

Sex 1.000*
Women 17 (85.0%) 16 (84.2%)
Men 3 (15.0%) 3 (15.8%)

Expanded Disability Status Scale 0.002**
Mean * standard deviation 20£0.8 2.8+0.7
Median (minimum - maximum) 1.8(1.0 -4.0) 3.0(1.5-4.0)

Diagnosis (months prior) 0.407**
Mean + standard deviation 103.3+71.2 84.7 +68.1
Median (minimum - maximum) 102 (12-264) 60 (1-288)

Drug treatment 0.182*
Yes 19 (95.0%) 15 (78.9%)
No 1(5.0%) 4(211%)

Smoking 0.182*
Ex-smoker 1(5.0%) 4(211%)
Non-smoker 19 (95.0%) 15 (78.9%)

Body Mass Index 0.247%**
Mean + standard deviation 25.4+4.8 23.8+3.3
Median (minimum - maximum) 25.6 (17.2-35.5) 23.5(18.1-30.1)

Last relapse (months prior) 0.463**
Mean * standard deviation 31.6+£16.4 33.4£33.0
Median (minimum - maximum) 31.8 (5-60) 22.8(3-132)

*Fisher’s exact test; **Mann-Whitney test; ***Student’s t-test.

Table 2. Results of maximal inspiratory pressure, maximum expiratory pressure and peak expiratory flow associated with the

presence of fatigue among MS patients.

Presence of Fatigue

Variable p-value
No (n = 20) Yes (n = 19)

Maximal inspiratory pressure 0.253*
Mean * standard deviation 93.6+18.3 877 £15.8
Median (minimum-maximum) 100 (56-120) 88 (60-116)

Maximum expiratory pressure 0.058*
Mean * standard deviation 94.8+14.4 85.3+18.9
Median (minimum-maximum) 96 (60-120) 80 (48-116)

Peak expiratory fflow 0.084**
Mean + standard deviation 442.8+126.3 382.6+78.0

Median (minimum-maximum)

445 (250-730)

360 (260-550)

*Mann-Whitney test; **Student’s t-test.

validated and standardized into the Portuguese language.
Such instruments are increasingly being used as parameters to
evaluate the efficacy of therapeutic interventions.

The most popular and widely-used instrument is the
EDSS. The EDSS is a clinician-administered assessment
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scale evaluating the functional systems of the central ner-
vous system. It consists of an ordinal rating system ranging
from 0 (normal neurological status) to 10 (death due to MS)
in 0.5 increment intervals (when reaching EDSS 1). The lower
scale values of the EDSS measure impairments based on the



Table 3. Association between inflammatory biomarkers and the presence of fatigue among the patients with MS.

Presence of Fatigue

Variable p-value
No (n = 20) Yes (n = 19)
TNF (pg/ml) 0.866*
Mean * standard deviation 10.6+18.5 9.3+28.4
Median (minimum-maximum) 1.6 (0.9-71.0) 1.7 (0.7-125.3)
IL-6 (pg/ml) 0.285*
Mean * standard deviation 9.5+15.4 9.7 +22.2
Median (minimum-maximum) 2.0(1.3-62.2) 3.2(1.5-97.9)
*Mann-Whitney test; IL-6: interleukin 6; TNF: tumor necrosis factor.
Table 4. Other scales associated with the presence of fatigue among the cases of MS.
Variable Presence of Fatigue o-value
No (n = 20) Yes (n = 19)
Guy neurological disability scale <0.001**
Mean * standard deviation 4.9+37 14.8+5.9
Median (minimum-maximum) 4.5(0-14) 14 (3-29)
Functional assessment of MS quality of life rating scale <0.001**
Mean * standard deviation 138.8+33.9 109.2£22.5
Median (minimum-maximum) 148 (13-169) 108 (59-148)

*Mann-Whitney test; **Student’s t-test.

Table 5. Multivariate analysis using the binary logistic
regression model evaluating the factors associated with the
presence of fatigue (n = 39).

Odds

o,
Ratio EEP

Variable p-value

Guy neurological disability
scale
*Value-p Hosmer & Lemeshow test (model fit) = 0.229.

0.001 1.62 [1.20-2.18]

neurological examination, while the upper range of the scale
(EDSS > 6) measures the handicaps of patients with MS. The
determination of EDSS 4-6 is heavily dependent on aspects
of walking ability™.

The GNDS has subsequently been introduced as a
new measure of disability, based mainly on the patient’s
self-report. It is patient-orientated, multidimensional, and
not biased towards any particular disability. The GNDS was
devised to be a simple, user-friendly clinical disability scale
capable of assessing the whole range of disabilities (cogni-
tion, mood, vision, communication, deglutition, upper and
lower limbs, bladder and bowel function, sexual function and
fatigue) that may be encountered in the course of MS™.

Our study showed an association between disability (EDSS
and GNDS) and the frequency of fatigue in relapsing-remitting
MS patients. Similar findings have been reported in MS
patients in different stages of the disease (EDSS 2.5-7)'819%,
Although the GNDS is considered a valid tool for the evalua-
tion of MS patients, we did not find any study that had used
this as a scale of disability assessment and its relationship

with the frequency of fatigue in this population. Since fatigue
is one of the subitems analyzed in this scale, we question
whether this fact would influence the result of higher val-
ues of GNDS in patients with fatigue. However, the GDNS is
a generic instrument and is not considered an instrument for
the direct evaluation of fatigue. Fatigue is a particularly sub-
jective and heterogeneous complaint that varies among indi-
viduals in frequency, severity, means of installation, and psy-
chosocial conditions. All these aspects should be taken into
account in the evaluation, as well as in the Modified Fatigue
Impact Scale.

Our findings suggest that the association between the
presence of fatigue and disability, measured by any valid tool,
may occur even in patients with low disability scores.

Other studies have pointed to fatigue and disease pro-
gression®"*
this population. Quality of life measures are alternative indi-
cators of the impact of the disease, particularly relevant in
chronic conditions*.

A significant relationship between the lower quality of life
indices (FAMS) and the presence of fatigue was also noted.
For about 40% of the population with MS, fatigue is the most
disabling symptom of the disease, affecting quality of life®.

We found no significant association of any of the respira-
tory parameters analyzed with the presence of fatigue. Some

studies have suggested that respiratory muscle weakness
24,25

as determinants in reducing the quality of life in

may be one of the determinants of fatigue in MS patients
Muscle weakness can occur in both the inspiratory and expi-
ratory musculature muscles. It has been proposed that in
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MS the expiratory muscles (abdominal and internal inter-
costal muscle) are affected prior to the inspiratory muscles
(diaphragm and external intercostal muscle)®. Involvement
of respiratory muscles may occur in early stages of MS and
respiratory function should be assessed in patients with
apparently normal function and without respiratory com-
plaints™®. A possible relationship of fatigue with respiratory
parameters could be explained by the fact that respiratory
muscle weakness requires an increased neural stimulation
to support alveolar ventilation and adequate gas exchange,
generating fatigue”. Considering that fatigue is multifacto-
rial and that it is influenced by the stage of the disease, it is
possible that the inclusion of only patients with a low degree
of functional disability has precluded the demonstration of
other correlations.

No association between the levels of pro-inflamma-
tory cytokines (TNF-a and IL-6) and fatigue was found.
Previous studies have shown conflicting data in this
regard®. Some studies indicated that TNF-o levels are
increased in MS patients compared with healthy controls
and that higher levels of TNF-o can be correlated with the
risk of progression of disability*®**. Some studies found
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