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Fatigue and cognitive impairment are debilitating features of multiple sclerosis (MS). ENER-G was 
a 12-month, open-label, multicenter, single-arm observational study designed to evaluate changes 
in fatigue and cognition in MS patients treated with natalizumab. Adults with relapsing MS and 
initiating natalizumab were enrolled. The primary endpoint was change in Visual Analog Scale 
for Fatigue (VAS-F) score over 12 weeks. Changes in Modified Fatigue Impact Scale (MFIS) score, 
Fatigue Severity Scale (FSS) score, and cognitive performance, using Automated Neuropsychological 
Assessment Metrics (ANAM), were also assessed. Patients (N = 89) had a mean age of 41 years and 
a median Expanded Disability Status Scale score of 3.0, and 83% had used at least two prior MS 
therapies. Significant improvements were observed and maintained at 12 weeks in VAS-F (mean ± SD 
baseline score, 77.7 ± 10.2; mean ± SD change, −14.9 ± 17.1; P < .0001), MFIS (mean baseline score, 
59.1 ± 12.2; mean change, −7.4 ± 11.8; P < .0001), and FSS (median baseline score, 6.3 [range, 3.9–
7.0]; median change, −0.4 [range, −2.9–1.4]; P < .0001). Cognitive performance remained stable or 
improved (depending on the ANAM measure). Thus significant improvements in fatigue were main-
tained over time, and cognitive performance improved or remained stable up to 48 weeks after initia-
tion of natalizumab in MS patients with some degree of fatigue. Int J MS Care. 2013;15:120–128.

Multiple sclerosis (MS) is an autoimmune 
disease of the central nervous system (CNS) 
caused by an aberrant immune response 

against CNS antigens and characterized by inflamma-
tion and progressive demyelination. Myelin damage 
ultimately leads to clinical manifestations of MS, includ-
ing fatigue, cognitive impairment, pain, spasticity, and 
depression.1

Fatigue is common in MS and can severely limit 
daily activities. In a large registry study, severe fatigue 

was reported by more than 70% of respondents and 
was associated with reduced employment.2 MS patients 
consider fatigue one of their most disabling symptoms,3 
likely because of its negative impact on daily work, 
family life, and social activities.2 It is associated with a 
perception of impaired general health, mental state, and 
quality of life (QOL) and may have a stronger effect on 
QOL than physical disability alone.4,5

Cognitive impairment, reported in up to 70% of 
MS patients, may result from fatigue and/or neurologic 
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gram. Exclusion criteria included primary progressive 
or secondary progressive MS without relapses, prior or 
current clinically significant medical illness or laboratory 
abnormality (including progressive multifocal leukoen-
cephalopathy), and (in female patients) pregnancy, cur-
rent breastfeeding, or plans to become pregnant. Patients 
unable to complete the fatigue (MFIS, FSS, and VAS-F) 
and cognition (Automated Neuropsychological Assessment 
Metrics [ANAM]) testing sessions were also excluded. 
Use of medications to treat fatigue was allowed; the pro-
tocol requested that fatigue medication use be optimized 
and stabilized 1 month before the screening visit and 
consistently maintained for the duration of the study. 
The study was performed in accordance with the Dec-
laration of Helsinki and International Conference on 
Harmonisation Guideline on Good Clinical Practice. All 
patients provided written informed consent. The study 
protocol and consent documents were approved by the 
institutional review boards of the participating centers.

Interventions and Assessments
Enrolled patients received natalizumab (300 mg 

intravenously every 4 weeks) and completed evaluations 
of fatigue and cognition at three visits at least 7 days 
apart, including the baseline visit, prior to initiating 
natalizumab therapy and at weeks 4, 8, 12, 24, and 48 
after initiating natalizumab treatment. The primary end-
point was change in VAS-F score 12 weeks after initiat-
ing treatment with natalizumab. The VAS-F is a visual 
tool in which the patient is asked to place an arrow on a 
line that reads left to right from “no fatigue” to “severe 
fatigue.” Entries are graded on a corresponding scale of 
0 to 100.17 The VAS-F was chosen as the primary out-
come measure because it is a global assessment of overall 
fatigue, in contrast to MFIS and FSS, which measure the 
impact of fatigue on functioning or quality of life.  

Secondary endpoints included the change in VAS-F 
score 24 and 48 weeks after initiating natalizumab treat-
ment, as well as the change in MFIS and FSS scores 12, 
24, and 48 weeks after initiating natalizumab treatment. 
The MFIS is a valid and reliable 21-question scale (score 
range, 0–84), with lower total scores indicating lower 
impact of fatigue on patient function. Subscales within 
the MFIS evaluate the impact of fatigue on physical 
functions (range, 0–36), cognitive functions (range, 
0–40), and psychosocial functions (range, 0–8).18 The 
FSS is a validated scale containing nine statements con-
cerning the severity, frequency, and impact of fatigue 
on daily life. Individuals rate their agreement with each 

damage and can occur independently of physical disabil-
ity.6,7 Aspects of cognitive functioning most commonly 
affected in MS patients include processing speed, learn-
ing, and memory.6-9 Characterization of the relationship 
between cognitive performance and fatigue is compli-
cated by the subjective experience of patients.10 While 
patients often believe that fatigue contributes to poor 
cognitive performance, most research has not found a 
consistent association between fatigue and actual cogni-
tive performance. However, some studies have found 
positive associations between increased fatigue and 
impairments in processing speed, attention, and other 
cognitive functions.11,12

Natalizumab (Tysabri, Biogen Idec Inc., Cambridge, 
MA), a monoclonal antibody against very-late-activa-
tion antigen 4, reduces leukocyte migration across the 
blood-brain barrier and has been shown to substantially 
reduce both clinical and magnetic resonance imaging 
(MRI) signs of central inflammatory activity in MS.13 
In patients with highly active MS, natalizumab treat-
ment has been shown to reduce fatigue using two fatigue 
outcome measures, the Modified Fatigue Impact Scale 
(MFIS) and the Fatigue Severity Scale (FSS).14 Fatigue 
and cognitive deficits are associated with disability.15,16 
Although fatigue and cognition are not explicitly cap-
tured by the Expanded Disability Status Scale (EDSS), a 
reduction in sustained disability progression as measured 
by the EDSS is seen with natalizumab as compared with 
placebo.13 Here we report findings from the Evaluation 
of Natalizumab for thE Relief of MS Associated FatiGue 
(ENER-G) study, which was designed to evaluate 
changes in and correlations between fatigue and cogni-
tion in natalizumab-treated patients with relapsing MS.

Materials and Methods

Study Design and Patients
ENER-G was a multicenter, nonrandomized, open-

label, single-arm, 12-month study conducted in 32 
centers in the United States. It enrolled 89 patients aged 
18 to 55 years with relapsing forms of MS who were 
naive to natalizumab and had an inadequate response to 
or were unable to tolerate other MS therapies. Enroll-
ment criteria also required that patients exhibit fatigue 
(baseline average Visual Analog Scale for Fatigue [VAS-
F] score ≥60, determined from three separate visits at 
least 7 days apart), have an EDSS score between 0.0 and 
5.5, and be enrolled in the Tysabri Outreach: Unified 
Commitment to Health (TOUCH®) Prescribing Pro-
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Changes from baseline in VAS-F and MFIS scores 
were analyzed using a paired t test, and changes from 
baseline in FSS scores were analyzed using a nonpara-
metric Wilcoxon signed rank test. Analysis of covariance 
was used to assess associations between patient baseline 
characteristics and changes from baseline in fatigue 
scores at 12 weeks. Changes in fatigue measures over 
time up to week 48 were assessed using a linear mixed 
model with random effects for the intercept and time. 
The effect of the medications used to treat fatigue was 
also evaluated in the linear mixed models.

For cognitive data, a linear mixed-effects model was 
also employed, with random effects for intercept and 
slope to investigate time effects on ICE, CDD, and 
PRO throughout the 48 weeks of natalizumab treat-
ment. To assess relationships between fatigue data (VAS-
F, MFIS, and FSS) and ICE, CDD, and PRO cognitive 
data, Spearman correlation coefficients were determined 
for baseline data and for the average of all postbaseline 
measurements. Use of averaged data was meant to pro-
vide more reliable scores given the variability of these 
measures. Analyses were performed using the intent-to-
treat population; all patients with at least one prespeci-
fied postbaseline assessment were included. 

Results

Patient Characteristics
Of the 179 patients who were screened, a total of 

89 patients were enrolled in ENER-G and were treated 
with natalizumab. Reasons for elimination at the screen-
ing stage included degree of fatigue too low (n = 49), 
EDSS score out of range (n = 12), withdrawal of consent 
(n = 9), age out of range (n = 6), other (n = 5), insur-
ance issues (n = 4), previous natalizumab exposure (n 
= 3), and loss to follow-up (n = 2). Fifteen enrolled 
patients (16.9%) discontinued natalizumab and with-
drew from the study. The reasons for study withdrawal 
included “other” (n = 9), withdrawal of consent (n = 2), 
voluntary discontinuation for reasons other than adverse 
event (n = 2), subject lost to follow-up (n = 1), and sub-
ject noncompliant (n = 1).

Patient demographics and disease characteristics are 
shown in Table 1. Enrolled patients received a median 
of 13 natalizumab doses (range, 1–13).

Changes in Fatigue During Treatment with 
Natalizumab

Patients in the study had evidence of fatigue at base-
line, with average scores of 77.7, 59.1, and 6.3 (median) 

statement on a scale of 1 (do not agree) to 7 (agree). 
Lower scores indicate less severity, frequency, and 
impact of fatigue.19

Cognitive function was assessed as a tertiary endpoint 
using computerized ANAM, a reliable and reproducible 
screening instrument designed for repeat evaluations.20 
ANAM is sensitive and specific in identifying patients 
with cognitive difficulties and in evaluating cognitive 
function changes in individual patients.21 From the 
battery of cognitive tests within ANAM, the ENER-G 
study analyzed data for the Index of Cognitive Efficiency 
(ICE), Procedural Reaction Time (PRO), and Code 
Substitution Delayed Memory (CDD). These tests were 
selected a priori based on a previous study assessing MRI 
and cognitive test findings in patients with MS.22 Several 
scores are available for individual tests within ANAM, 
including task accuracy, mean response time for accurate 
responses, and a throughput score, defined as the num-
ber of correct responses per usable minute.

PRO is a choice reaction time measure that requires 
the participant to differentiate between two sets of char-
acters on a computer screen. In the CDD, participants 
must recall, following a 25-minute delay, how symbols 
and digits have been paired in a “key” that they are 
shown.20,23 ICE is a weighted summary score capturing 
the entire ANAM battery performance. The ICE score is 
computed by weighting the throughput scores from five 
ANAM tests (PRO, CDD, Matching-to-Sample, Logi-
cal Relations, and Mathematical Processing) so that each 
score contributes equally to the total ICE score. 

Statistical Analyses
Baseline demographic and disease characteristics 

including age, gender, disease duration, EDSS score, 
number of relapses in the past year, time since most 
recent relapse, and therapy prior to enrollment were 
summarized using descriptive statistics. Baseline VAS-F, 
MFIS, and FSS fatigue scores were calculated as an aver-
age of scores from three visits within the 45 days prior to 
the first natalizumab infusion and at least 7 days apart 
from one another. Week 12 VAS-F, MFIS, and FSS 
fatigue scores were calculated as an average of the scores 
from the week 4, 8, and 12 visits. Average scores, which 
were calculated using all available data without imputa-
tion of missing data, were used to maximize the con-
sistency, accuracy, and stability of fatigue scores. Using 
average scores also increased the number of patients 
included in the analysis, thus increasing statistical power.
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fatigue measures over time (baseline to week 12) and 
baseline characteristics, including age, gender, EDSS 
score, disease duration, previous relapses, time since last 
relapse, and most recent therapy.

All three fatigue measures showed significant 
improvements (P < .0001) with natalizumab that were 
maintained over time (Table 3; Figure 1). Improve-
ment was seen both in patients with a recent relapse 
(≤3 months) prior to initiation of natalizumab and 
in patients whose most recent relapse was more than 
3 months prior to initiation of natalizumab (data not 
shown). There was no statistically significant difference 
in the score changes from baseline to any postbaseline 
time point for any of the three fatigue measures when 
comparing patients with and without a recent relapse.

Both patients using fatigue medications and patients 
not using fatigue medications showed an improvement 
in fatigue measures over time (Figure 2). Analyses of the 
use of fatigue medications and fatigue outcomes (VAS-
F, FSS, and MFIS) showed a significant effect of fatigue 
medications on outcomes over time for VAS-F scores 
only (regression coefficient for the interaction between 
time and use of fatigue medications = 0.2991, P = 
.0336). Both patient groups showed a significant reduc-
tion in VAS-F scores over time. No effect of fatigue 
medication was seen for FSS or MFIS scores.  

Changes in Cognition During Treatment with 
Natalizumab

Baseline values and changes in ANAM measures of 
cognitive function over the 48 weeks of natalizumab 
treatment are shown in Figure 3. The cognitive mea-
sures ICE and PRO showed significant improvement 
across the 48 weeks of treatment (P = .001 and P = 
.034, respectively), while CDD scores remained stable 
(Table 4). ICE scores showed improvements starting at 
week 8 and PRO scores showed improvements starting 

on the VAS-F, MFIS, and FSS, respectively (Table 2). 
Over 3 months of natalizumab therapy, there were sig-
nificant improvements in the primary fatigue measure 
of change in mean VAS-F score from baseline to week 
12 (−14.9; P < .0001) and in change in the total MFIS 
and FSS scores from baseline to week 12 (P < .0001 for 
both parameters) (Table 2). Significant improvements 
were also observed in all MFIS subscales from baseline 
to week 12. The mean changes (± standard deviation) 
in the physical, cognitive, and psychosocial subscale 
scores were −3.7 ± 5.29, −3.1 ± 5.76, and −0.7 ± 1.52, 
respectively (n = 88; P ≤ .0001 for all comparisons). No 
significant associations were found between change in 

Table 1. Demographic and disease 
characteristics of the study population  
(N = 89)
Characteristic Value

Age, mean ± SD, y 41.3 ± 7.7

Gender, % female 91

Disease duration, median (range),a y 8 (1–39)

EDSS score, median (range) 3.0 (0.0–5.5)

Number of relapses in the past year,  
mean ± SD

1.6 ± 1.2

Time since most recent relapse, median 
(range), mo

3.5 (0.0–64.2)

Used prior MS treatments, % 100

Used ≥2 prior MS treatments, % 83

With concomitant treatment for fatigue, % 44

Last MS treatment prior to screening, %
	 Steroids
	 Intramuscular interferon beta-1a
	 Subcutaneous interferon beta-1a
	 Interferon beta-1b
	 Glatiramer acetate
	 Other

31.5
21.3
18.0
14.6
13.5

3.4

Abbreviations: EDSS, Expanded Disability Status Scale; SD, standard 
deviation.
aTime since first MS symptoms.

Table 2. Changes in fatigue scale scores from baseline to week 12

Fatigue measure
Baseline scorea 

(N = 89)
Week 12 scoreb 

(N = 88c)
Change over 12 weeks 

(N = 88c) P value

VAS-F, mean ± SD 77.7 ± 10.2 62.8 ± 20.0 −14.9 ± 17.1 <.0001

MFIS, mean ± SD 59.1 ± 12.2 51.6 ± 16.3 −7.4 ± 11.8 <.0001

FSS, median (range) 6.3 (3.9–7.0) 5.7 (2.0–7.0) −0.4 (−2.9–1.4) <.0001

Abbreviations: FSS, Fatigue Severity Scale; MFIS, Modified Fatigue Impact Scale; SD, standard deviation; VAS-F, Visual Analog Scale for 
Fatigue.
aBaseline score was calculated as an average of scores from three visits that were within the 45 days prior to the first natalizumab infusion 
and at least 7 days apart. 
bWeek 12 scores were calculated as an average of scores from the week 4, 8, and 12 visits. 
cOne patient did not have any postbaseline fatigue assessments.



International Journal of MS Care
124

Wilken et al.

at week 4; both ICE and PRO scores stabilized by week 
12. CDD scores increased over time, starting at week 4, 
but the change was not significant (P = .174) (Figure 3).

Correlations Between Fatigue and Cognitive 
Measures

At baseline, no significant correlations between cogni-
tive measures and VAS-F score were seen. In contrast, 
all cognitive measures were significantly correlated with 
MFIS score, such that cognitive function declined as 
MFIS score increased (Table 5). PRO and CDD cog-
nitive data showed significant correlations with FSS at 
baseline, while the weighted summary score ICE, which 
includes contributions from match to sample, logical 
relations, and mathematical processing scores in addition 
to PRO and CDD, failed to show a significant correla-
tion with FSS (Table 5). When analyses were performed 
for the averages of all postbaseline data, significant cor-
relations were observed for all pairs except CDD with 
FSS (Table 6). CDD showed the weakest correlations 
with all fatigue measures, possibly reflecting in part the 
absence of significant improvement in CDD, as seen in 
the regression analysis.

Discussion
Natalizumab has shown clinical benefits for MS 

patients, including reduced relapse rate, slowed dis-
ability progression, fewer MRI lesions, and reduced 
fatigue.13,14,24,25 ENER-G is the largest prospective study 
to evaluate fatigue and cognition during natalizumab 
treatment, and to examine correlations between the 
two. Both fatigue and cognitive decline can be debilitat-
ing for MS patients. In this study, we provide evidence 
that fatigue and cognitive decline were reduced in MS 
patients on natalizumab therapy. 

Table 3. Summary statistics from mixed-effects 
regression analyses of fatigue measures in 
patients receiving natalizumab for 48 weeks

Fatigue 
measure

Regression 
coefficient on 
time covariate 95% CI P value

VAS-F −0.4527 −0.5946 to −0.0311 <.0001

MFIS −0.2947 −0.3790 to −0.2103 <.0001

FSS −0.0175 −0.0249 to −0.0101 <.0001

Abbreviations: CI, confidence interval; FSS, Fatigue Severity Scale; 
MFIS, Modified Fatigue Impact Scale; VAS-F, Visual Analog Scale for 
Fatigue. 
Note: Analyses assume slopes and intercepts of data for each 
patient may be randomly distributed.

Figure 1. VAS-F (A), MFIS (B), and FSS (C) 
scores from baseline to week 48 
Negative (downward) slope indicates improvement. FSS, 
Fatigue Severity Scale; MFIS, Modified Fatigue Impact Scale; 
VAS-F, Visual Analog Scale for Fatigue.

A

B

C
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Figure 2. VAS-F (A), MFIS (B), and FSS (C) 
scores from baseline to week 48 stratified 
by use of co-medication for fatigue 
Negative (downward) slope indicates improvement. FSS, 
Fatigue Severity Scale; MFIS, Modified Fatigue Impact Scale; 
VAS-F, Visual Analog Scale for Fatigue.
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Figure 3. ICE (A), PRO (B), and CDD (C) 
scores from baseline to week 48 in patients 
receiving natalizumab 
*Average over three visits within the 45 days prior to the 
first natalizumab infusion. Positive (upward) slope indicates 
improvement. CDD, Code Substitution Delayed Memory; ICE, 
Index of Cognitive Efficiency; NS, not significant; PRO, Proce-
dural Reaction Time; SEM, standard error of the mean.
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co-medication for fatigue, suggesting that the effect was 
not due to recovery from a relapse or use of new fatigue 
medications but possibly a result of natalizumab therapy. 
Test scores measuring reaction time (PRO) and pooled 
scores measuring numerous cognitive skills (including 
recall, matching, logical relations, mathematical process-
ing, and reaction time) (ICE) showed statistically sig-
nificant improvements over the 48 weeks of natalizumab 
treatment. In contrast, CDD, a measure of memory 
function, remained stable during the 1-year study.  

Previous studies have reported improved cogni-
tive test scores during natalizumab therapy.26-30 A large 
Swedish study demonstrated a significant increase in 
mean Symbol Digit Modalities Test score at 2 years over 
baseline in natalizumab-treated relapsing-remitting MS 
patients.26 A follow-up analysis comparing AFFIRM 
patients treated with natalizumab with those treated 
with placebo showed a significant improvement in Paced 
Auditory Serial Addition Test score at 2 years.30 In addi-
tion, an open-label study showed that after 6 months of 
natalizumab therapy, patients demonstrated improved 
test scores on four of six different cognitive tests, with 
no deterioration in any test, despite disease duration 
of more than 10  years.27 Our results using ANAM, a 
sensitive measure of multiple cognitive skills, support 
and extend these observations that cognitive function 
may be maintained and potentially improved with 
natalizumab. Because of potential practice effects with 

With natalizumab therapy, patients experienced sig-
nificant improvements in fatigue, as measured by three 
patient-reported scales, and the improvements that 
were observed during the first 12  weeks of treatment 
were maintained for up to 48 weeks of treatment. These 
results are consistent with those of a smaller study that 
found reduced fatigue with natalizumab at 6 months 
compared with baseline.14 Natalizumab has also been 
found to be associated with reduced fatigue as compared 
with other disease-modifying therapies after longer-term 
use.25 In the current study, improvement in fatigue 
scores was seen in patients with and without a recent 
relapse and in patients who were and were not using 

Table 4. Summary statistics from mixed-effects 
regression analyses of cognitive measures 
from ANAM in patients receiving natalizumab 
for 48 weeks

Cognitive 
measure

Regression 
coefficient on 
time covariate 95% CI P value

ICE 0.5300 0.2230–0.8369 .001

PRO 0.0802 0.0059–0.1544 .034

CDD 0.0277 −0.0122–0.0676 .174 (NS)

Abbreviations: ANAM, Automated Neuropsychology Assessment 
Metrics; CDD, Code Substitution Delayed Memory; CI, confidence 
interval; ICE, Index of Cognitive Efficiency; NS, nonsignificant; PRO, 
Procedural Reaction Time.
Note: Analyses assume slopes and intercepts of data for each 
patient may be randomly distributed.

Table 5. Spearman correlation coefficients between cognitive measures (ICE, PRO, and CDD) and 
fatigue measures (VAS-F, MFIS, and FSS) at baseline

Cognitive measure

Correlation coefficient (P value)

VAS-F MFIS FSS

ICE (n = 80) −0.1056 (.3514) −0.3063 (.0057) −0.1944 (.0840)

PRO (n = 80) −0.0732 (.5188) −0.3689 (.0008) −0.2763 (.0131)

CDD (n = 81) −0.01164 (.3009) −0.2858 (.0097) −0.2301 (.0387)

Abbreviations: CDD, Code Substitution Delayed Memory; FSS, Fatigue Severity Scale; ICE, Index of Cognitive Efficiency; MFIS, Modified 
Fatigue Impact Scale; PRO, Procedural Reaction Time; VAS-F, Visual Analog Scale for Fatigue.

Table 6. Spearman correlation coefficients between averages of all postbaseline cognitive 
measures (ICE, PRO, and CDD) and fatigue measures (VAS-F, MFIS, and FSS) in patients receiving 
natalizumab for 48 weeks (n = 79)

Correlation coefficient (P value)

Cognitive measure VAS-F MFIS FSS

ICE −0.3552 (.0013) −0.4062 (.0002) −0.2651 (.0182)

PRO −0.4456 (<.0001) −0.4991 (<.0001) −0.4261 (<.0001)

CDD −0.2382 (.0345) −0.2421 (.0316) −0.1948 (.0854)

Abbreviations: CDD, Code Substitution Delayed Memory; FSS, Fatigue Severity Scale; ICE, Index of Cognitive Efficiency; MFIS, Modified 
Fatigue Impact Scale; PRO, Procedural Reaction Time; VAS-F, Visual Analog Scale for Fatigue.
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although our data suggest otherwise. In patients with 
MS, fatigue and cognition may worsen with time.36,37 
Given the long duration of this trial, if natalizumab had 
little or no effect, one might expect an average increase 
(worsening) in fatigue scores and evidence of increas-
ing cognitive dysfunction. In contrast, ENER-G data 
demonstrate a sustained positive effect of natalizumab on 
measures of fatigue and cognition in MS patients. The 
results also reinforce the growing role of patient-reported 
outcomes in providing important measures of treatment 
and contributing to the overall understanding of natali-
zumab for the treatment of MS. When making treatment 
decisions, health-care providers should consider data 
from other, nonstandard outcome measures as well. o
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cognitive tests, and in the absence of a control group, 
it cannot be definitively determined whether cognitive 
function improved in ENER-G patients. However, there 
was no evidence of worsening cognitive status, and the 
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ability to learn and benefit from practice.
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great clinical relevance, the underlying etiologies remain 
unclear. Fatigue in MS may be related to impaired 
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both.15,31,32 MS-related cognitive dysfunction could be a 
function of fatigue, central inflammation, neurodegener-
ation, neuroendocrine dysregulation, and/or depression.33

This study is the first to document moderate correla-
tions between measurements of fatigue and cognitive 
function at baseline and during natalizumab treatment. 
The associations between measurements of fatigue and 
cognitive function observed in this study further sup-
port linkage between the two MS symptoms, but the 
specific interactions and causality remain unclear. It has 
been proposed that cognitive impairment may increase 
fatigue in MS and that both outcomes are closely linked 
to the regional brain atrophy and lesions characteristic 
of MS pathology. Fatigue may also exacerbate cognitive 
impairment.34,35

A limitation of the ENER-G trial is the lack of a 
placebo group or active comparator, which precludes 
definitive conclusions about the effects of natalizumab 
on the studied endpoints. In addition, results from 
patients using medications to treat fatigue or recovering 
from recent relapse may have had confounding effects, 

PracticePoints
•	Fatigue and cognitive impairment are common 

and debilitating features of MS.
•	MS patients treated with natalizumab experi-

enced significant improvements in fatigue within 
the first 12 weeks of therapy, and improvements 
were maintained for up to 48 weeks. 

•	Cognitive performance improved or remained 
stable for up to 48 weeks in patients initiating 
natalizumab.

•	Correlations observed between cognitive and 
fatigue scores support a linkage between fatigue 
and cognitive impairment in MS.
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