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Abstract
Pediatric-onset multiple sclerosis (POMS), representing approximately 5% of all MS cases, affects the central nervous 
system during its ongoing development. POMS is most commonly diagnosed during adolescence but can occur in younger 
children as well. For pediatric patients with MS, it is critical to manage the full impact of the disease and monitor for any 
effects on school and social functioning. Disease management includes not only disease-modifying therapies but also strate-
gies to optimize wellbeing. We review the interventions with the highest evidence of ability to improve the disease course 
and quality of life in POMS. High levels of vitamin D and a diet low in saturated fat are associated with lower relapse rates. 
Exercise ameliorates fatigue and sleep. Behavioral strategies for sleep hygiene and mood regulation can also improve fatigue 
and perceived health. POMS management should be addressed holistically, including assessing overall symptom burden as 
well as the psychological and functional impact of the disease.

Key Points 

Pediatric multiple sclerosis (MS) should be addressed 
holistically, including its effects on mood and cognition 
and the functional impact on school performance.

Children with MS should be on disease-modifying thera-
pies, be encouraged to take vitamin  D3, reduce saturated 
fat intake, exercise, avoid smoking, practice good sleep 
hygiene, and receive appropriate treatment for any mood 
disorders.

Behavioral interventions, including targeted cognitive, 
physical, or occupational therapies, should be warranted 
in pediatric MS.

1 Introduction

Pediatric-onset multiple sclerosis (POMS) represents a rare 
subpopulation of the disease, occurring in approximately 
3–5% of all cases [1–4]. These patients have a highly inflam-
matory course with frequent relapses and greater lesion 
accumulation relative to adults with MS [5, 6]. In contrast 
to adults, pediatric patients have better relapse recovery with 
less neurologic impairment [7]. In general, patients with 
POMS take longer to reach disability milestones but do so 
at a younger age than their adult counterparts [8, 9]. Con-
trolling inflammation is achievable with disease-modifying 
therapy (DMT) and is critical for preserving normal brain 
maturation and development.

In addition to preventing and managing MS relapses, 
concerns specific to patients with POMS include cognitive 
issues, mood disturbances, and psychological adjustment to 
the disease. All are important to address to maintain quality 
of life (QoL). In this article, we focus on these QoL aspects 
of POMS and review approaches for intervention.
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2  Management of the Disease Course 
in Pediatric‑Onset Multiple Sclerosis 
(POMS)

2.1  Disease‑Modifying Therapies (DMTs) 
and Treatment Outcome

As patients with POMS have a high risk of relapse, prompt 
initiation of DMT is critical. Randomized controlled trials 
(RCTs) on DMTs in children with MS have specific chal-
lenges concerning recruitment, clinical design, and ethical 
considerations [10]. A large RCT in POMS demonstrated 
a clear benefit of fingolimod compared with intramuscular 
injections of interferon (IFN)-β-1a [11], as reviewed else-
where [12]. Other RCTs are in varying stages of completion, 
and many open-label and observational studies support the 
efficacy and safety of DMTs used in adults with MS to treat 
pediatric patients [13, 14].

2.1.1  Addressing Compliance with DMTs

Adherence to DMTs has been associated with fewer relapses, 
fewer MS-related emergency room visits and hospitaliza-
tions, and better QoL with respect to emotional health, 
energy, social function, pain, and neurological deficits in 
patients with MS [15]. Despite the benefits of regularly tak-
ing DMTs, 50–70% of the adults [16] and children [17, 18], 
particularly adolescents, discontinue their DMT at some 
point.

Barriers to compliance include forgetting the medication, 
injection-associated anxiety, perceived lack of efficacy, and 
adverse events. Literature comparing compliance with dif-
ferent DMTs is lacking, but higher adherence rates have 
been reported with natalizumab as compared with injectable 

drugs, likely because of greater physician involvement, less 
frequent administration, avoiding the discomfort of injec-
tions, and higher perceived efficacy [19].

Both family and patient behavioral interventions may 
help improve adherence to DMTs used for MS. Some strat-
egies include guaranteeing access to care; minimizing side 
effects, changes in dosing and scheduling; and open phy-
sician–patient communication to educate patients on the 
value of treatment [20]. Unfortunately, not all interventions 
seem to be successful. For example, a motivation interview 
and subsequent follow-up through an electronic monitor-
ing device [21] failed to improve adherence to medication 
among 52 children with POMS. Clinicians need to learn 
more about the best way to motivate patients and enhance 
compliance in each age group.

2.2  Vitamin D

As shown in Table 1, there is strong evidence to support 
vitamin D (25(OH)D) supplementation for disease manage-
ment. Deficiency in 25(OH)D is a risk factor for developing 
MS across all age groups [22]. Both children and adults with 
MS have lower circulating 25(OH)D than expected [23, 24]. 
Children with higher levels of 25(OH)D at the onset of an 
acute demyelinating syndrome have a lower risk of develop-
ing POMS [13]. Interestingly, maternal [14] and neonatal 
25(OH)D levels at birth [25] do not appear to predict the 
risk of MS in the offspring, but further research on pre- and 
perinatal 25(OH)D status is warranted.

Once the disease has been established, lower levels of 
25(OH)D are associated with a higher relapse rate (RR) 
in POMS [26, 27]. In a study of POMS, two independent 
single nucleotide polymorphisms within or near GC and 
NADSYN1/DHCR7 genes were strongly associated with 
25(OH)D levels. After adjusting for ancestry, sex, DMTs, 

Table 1  Level 1 evidence on benefits of vitamin D in pediatric-onset and adult multiple sclerosis

EDSS Expanded Disability Status Scale, MRI magnetic resonance imaging, QoL quality of life, RCT  randomized controlled trial, RR relapse 
rate, RRMS relapsing-remitting multiple sclerosis, SS statistically significant

Study Evidence level Population Outcomes studied Statistical significance

Goldberg et al. [137] RCT Adult RRMS RR SS
Soilu-Hanninen et al. [29] RCT Adult RRMS MRI activity, RR, EDSS Fewer T1 lesions—SS

The rest—not SS
Aivo et al. [30] RCT Adult RRMS MRI activity, RR, EDSS Fewer T1 lesions—SS

The rest—not SS
Mosayebi et al. [31] RCT Adult RRMS MRI activity, EDSS Not SS
Shaygannejad et al. [32] RCT Adult RRMS RR, EDSS Not SS
Kampman et al. [86] RCT Adult RRMS RR, EDSS, functional composite, 

fatigue
Not SS

Achiron et al. [87] RCT Adult RRMS Fatigue, QoL, RR SS
Ashtari et al. [88] RCT Adult RRMS QoL SS
Rolf et al. [89] RCT Adult RRMS Depression Not SS
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and human leukocyte antigen (HLA)-DRB1*15 carrier sta-
tus, the highest versus lowest vitamin D genetic risk score 
was associated with 2.6-fold and twofold higher relapse haz-
ard ratios [28]. The causality of this association is still under 
investigation, but these studies suggest that aiming to reach 
a high normal level of circulating 25(OH)D is a reasonable 
therapeutic approach to lower RRs.

A small study in adults with MS suggested that adding 
25(OH)D to DMT reduced magnetic resonance imaging 
(MRI) activity (fewer T1-enhancing lesions and fewer T2 
burden lesions) [29, 30]. Other RCTs did not find significant 
differences in MRI parameters or disease progression [31, 
32].

2.3  Mineral Supplements

The potential benefit of iron and salt supplements has also 
been investigated, but evidence to date is insufficient for 
recommendation. Recent experiments in mice have shown 
that high salt intakes increase interleukin (IL)-17, causing 
a more severe form of experimental autoimmune encepha-
lomyelitis (EAE) [33]. However, this association has not 
been confirmed in patients with MS. Farez [34] found that 
moderate salt consumption increased the MS RR by 2.75 
and a high intake increased it by 3.95; however, the cohort 
was relatively small, and confounding factors could not be 
excluded. Another recent RCT in women in the Nurses’ 
Health Study found no association between dietary salt and 
risk of MS [35].

In patients with POMS, Azary et al. [36] did not find 
a correlation between iron intake and RR. However, other 
studies found significant decreased iron consumption in 
patients with POMS [37] and an association between low 
iron intake and a diagnosis of POMS [37, 38].

Overall, at this time, salt intake does not appear to be 
associated with POMS diagnosis or time to relapse [39].

2.4  Alternative Therapies: Antioxidants 
and Cannabis

Patients with MS, like those with other chronic conditions, 
are willing to incorporate supplements and other alternative 
remedies into their daily MS care, as it is a popular and easy 
routine that provides a sense of empowerment over their 
disease. Several of these antioxidants, vitamins, and dietary 
supplements have been investigated in animal models, but 
the evidence in humans is overall small given limitations in 
the trials. Among them, biotin  (B7) and lipoic acid supple-
ments have the strongest evidence [40].

Vitamin  B7 supplementation is thought to improve 
remyelination by increasing energy production and fatty 
acid synthesis. In an open-label pilot study of 23 patients 
with progressive MS, more than 90% improved clinically 

(motor and visual symptoms) after treatment with high-
dose  B7 (MD 1003) for an average of 9 months [41]. This 
study prompted a double-blind, multicenter phase III trial 
in which 154 adults with primary or secondary progressive 
MS were randomized to receive either high-dose  B7 or pla-
cebo for 12 months. High-dose  B7 significantly improved 
MS-related disability in 13% compared with none in the 
placebo group [42]. However, a trial designed to replicate 
these observations in a larger, international cohort (n = 642) 
failed to show significant improvement in disability or walk-
ing speed in patients with progressive MS. Furthermore, 
adverse effects and laboratory changes were associated with 
high-dose  B7 therapy [43].

Another multicenter RCT comparing  B7 300 mg ver-
sus placebo showed only modest improvements in motor 
scores [42]. Further investigation in a larger double-blind, 
multicenter phase III RCT in adults with progressive MS 
(NCT02936037) is ongoing.

Lipoic acid (LA) inhibits lymphocyte migration into the 
central nervous system (CNS), increases regulatory T cells, 
and downregulates pro-inflammatory cytokines in EAE [44]. 
In patients with MS, increased LA levels may reduce matrix 
metalloproteinase-9 and intercellular adhesion molecules 
inhibiting lymphocyte migration into the CNS [45]. In a 
small RCT, patients with MS on LA had a significant 68% 
reduction in brain atrophy and a nonsignificant improvement 
in walking speed [46]. A larger, phase II RCT is planned to 
evaluate LA in progressive MS. LA can interact with medi-
cations, cause hypoglycemia, and have renal toxic effects.

Research on cannabinoids and medical marijuana in MS 
is increasing. The recent National Academies of Sciences, 
Engineering, and Medicine report described the evidence 
of cannabinoids and derivatives in adults with chronic pain 
[47], MS-related spasticity [47–49], and chemotherapy-
induced nausea and vomiting.

No trials have been undertaken in children with POMS, 
partly because of concerns regarding the risk of addiction 
to marijuana in adolescents [50]. Of additional concern are 
the adverse effects of marijuana use on cognitive function 
and mood in people with MS. Furthermore, discontinuing 
cannabis in adults with MS may improve depression [51].

2.5  Managing Diet and Obesity

Obesity and high body mass index (BMI) are risk factors 
for MS in children and adolescents [22, 52, 53]. Overall, 
patients with POMS appear to have more relative obesity 
than their adult counterparts [24] with higher BMIs, even 
years before onset of symptoms [54].

Table 2 summarizes the highest level of evidence on 
dietary interventions in MS. Medical subject heading 
(MeSH) terms used included multiple sclerosis, diet, child, 
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recurrence, fatigue, quality of life, depression, and cogni-
tion. No RCT on diet and POMS has been published to date.

As shown in Table 2, several POMS and adult MS stud-
ies have examined the role of diet and MS relapse. A mul-
ticenter prospective cohort study that analyzed the time to 
relapse in 219 patients with POMS and clinical isolated syn-
drome (CIS) showed that each 10% of energy intake from fat 
increased the RR by 56%, and each 10% of energy specifi-
cally from saturated fats tripled this hazard. In contrast, each 
equivalent of a cup of vegetables decreased the RR by 50% 
[36]. However, in adults, a diet low in saturated fat did not 
improve Expanded Disability Status Scale (EDSS) score [55, 
56], disease progression [57], or MRI activity [56].

2.6  Addressing Smoking and Passive Smoke 
Exposure

Smoking increases the risk of MS [58, 59], likely because 
of its underlying proinflammatory [60] and autoimmune 
effects, risk of respiratory infections, and changes in post-
translational processing of immunogenic proteins [61]. Sev-
eral components of cigarette smoke are particularly toxic to 
oligodendrocytes and neurons [62]. Interestingly, smokers 
also tend to have lower 25(OH) D levels [63, 64].

The first major epidemiological study that linked smok-
ing with MS was published in 2001 as part of the Nurses’ 
Health Study [65]. Active smokers have an increased risk 

of developing MS [59, 65], and the number of cigarettes 
and duration of exposure appear to be independent risk 
factors [66, 67]. Another meta-analysis reported similar 
rates, with an odds ratio (OR) estimate of 1.46 among ever 
smokers, 1.57 among current smokers, 1.36 among ex-
smokers, and 1.12 among passive smokers. The effect of 
cigarette pack-year on MS demonstrated an OR estimate of 
1.34 for 1–5 cigarette pack-years, 1.56 for 6–10 cigarette 
pack-years, 1.74 for 11–15 cigarette pack-years, and 1.46 
for > 15 cigarette pack-years [68]. This risk only disap-
peared 10 years after cessation.

Mikaeloff et al. [69] reported an increased risk of devel-
oping POMS in the offspring of parents who smoked. This 
risk was higher in children aged > 10 years, which the 
authors attributed to a longer period of exposure [69]. Sub-
sequently, the combination of exposure to smoking and 
HLA-DRB1*15 alleles was found to increase the risk of 
pediatric MS relative to monophasic demyelination [70]. 
Thus, parents of children with CIS and POMS should be 
strongly encouraged to quit smoking.

Once the disease has been established, regular smok-
ing among adults with MS appears to accelerate disease 
progression [57, 66] and worsen disability [67]. Further 
studies are needed to confirm these findings in POMS, but 
adolescent patients should be counseled to avoid smoking 
and passive cigarette exposure.

Table 2  Level 1 evidence on benefits of diet in multiple sclerosis

25(OH)D3 25-hydroxy vitamin  D3, CRD caloric restricted diet, EDSS Expanded Disability Status Scale, LSF low saturated fat, MFMD modified 
fasting mimicking diet, MRI magnetic resonance imaging, PUFA polyunsaturated fatty acids, QoL quality of life, RCT  randomized controlled 
trial, RR relapse rate, RRMS relapsing-remitting multiple sclerosis, SS statistically significant

Study Diet comparison Evidence level Population Outcomes studied Statistical significance

Weinstock-Guttman et al. 
[90]

LSF diet (omega-3 
PUFA based) vs. Medi-
terranean diet

RCT Adult RRMS RR, fatigue SS. Both diets reduced 
RR; Mediterranean diet 
reduced fatigue

Riccio et al. [55] 25(OH)D3 (placebo) 
vs. CRD and 25(OH)
D3 vs. 25(OH)D3 and 
other supplements

RCT Adult RRMS Fatigue, EDSS Not SS

Yadav et al. [56] LSF diet (vegetarian) vs. 
control

RCT Adult RRMS Fatigue, EDSS, MRI 
activity

Reduction in fatigue—SS; 
the rest—not SS

Choi et al. [91] Control vs. 6 months of 
ketogenic diet vs. 1 
week of MFMD fol-
lowed by 6 months of 
Mediterranean diet

RCT Adult RRMS EDSS, depression, QoL SS. Depression and QoL 
improved in both diets 
vs. controls

Hempel et al. [57] PUFA-based diet vs. “hot 
nature food” vs. Chi-
nese diet vs. very LSF 
diet supplemented with 
fish oil, low-saturated 
fat plant-based diet, 
vitamin  B2 supple-
ments

Review (37 RCTs) Adult RRMS EDSS Not SS
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2.7  Summary

Disease management is critical for patients with POMS, 
especially given the risk of frequent relapses and the context 
of ongoing neurodevelopment. Evidence-based care includes 
the use of DMTs and vitamin D supplementation. Evidence 
for mineral supplementation is inadequate. Weight manage-
ment, lower saturated fat intake, and smoking cessation and 
prevention are recommended.

3  Management of Cognition, Mood, 
and Quality of Life (QoL) in POMS

Given the acute period of educational, occupational, and 
social attainment during development, it is particularly 
important to identify and address cognitive involvement 
due to MS in pediatric patients. Cognitive impairment is 
a common feature of adults with MS and is estimated to 
affect up to 75% of individuals across their disease course 
[71]. Pediatric patients are overall less likely to have cogni-
tive involvement but remain at risk. Although early stud-
ies of cognitive functioning in POMS suggested relatively 
high rates of impairment [72], other observational studies 
showed lower rates [9, 73]. Overall, it is estimated that 
approximately 25–30% of patients with POMS experience 
mild cognitive changes [72], mainly involving attention and 
processing speed [74–77].

Cognitive and mood issues negatively impact children’s 
QoL [78, 79] and place extra burden on social relationships 
and family and school dynamics. The relation between age 
of MS onset and cognitive difficulties among those with 
POMS is unclear, with some studies showing more difficul-
ties in patients with earlier onset [75, 80] and others show-
ing them in older children [81]. Promoting school attend-
ance is critical for academic achievement. Some but not 
all patients may require individual accommodations such 
as extra time for tests or reduced workload, depending on 
school performance.

Other common problems affecting QoL include fatigue 
and poor sleep and the challenges associated with having a 
chronic health condition during childhood and adolescence. 
The risk of missing school and its subsequent challenges 
are of particular concern. At evaluation, it is important to 
address the full range of symptoms from the perspectives 
of both the patient and their family. For example, among 
a pediatric cohort of 51 individuals, fatigue was noted by 
parents to be severe in 50%, whereas the self-reported rate 
was lower at 32% [78, 82].

For some patients with POMS and their families, the 
diagnosis results in a psychological burden. Education on the 
disease and its management and expectations for the future 
are critical, and supportive counseling is recommended for 

those with challenges in coping or with associated mood 
changes. In addition, symptoms such as fatigue, physical 
impairments (even if transient), cognitive challenges, and 
dependence on long-term medication reinforce the feeling 
of being different from peers and can contribute to the psy-
chological burden of disease.

3.1  DMTs

Well-controlled disease may be cognitively protective. The 
extent to which DMTs preserve cognitive function remains 
unclear. Presumably, slowing atrophy and lesion accumula-
tion is beneficial for cognition, but the positive effect might 
require longer-term follow-up than is readily available from 
RCTs.

The effect of DMT on cognitive function in POMS was 
examined by performing longitudinal neuropsychological 
testing during a period of 6–24 months in children treated 
consistently with an initial DMT (n = 13) compared with 
those switched to a higher-efficacy therapy (n = 6). The 
group that switched remained cognitively stable (despite 
more relapses), whereas a subset (n = 9/13 [69%]) in the 
lower-efficacy group had some degree of cognitive impair-
ment on follow-up [83]. In line with the hypothesis that 
more intensive therapy might be beneficial for preserving 
cognitive function, patients with POMS treated with natali-
zumab did well when assessed with the EDSS and Symbol 
Digits Modalities Test (SDMT) in a 2-year follow-up study. 
Of 20 patients retested, only two declined by ≥ 4 points on 
the SDMT, whereas the others either improved or remained 
stable [84].

Little is known regarding the impact on QoL of DMT in 
pediatric MS. Health-related QoL was an exploratory out-
come among the 191 children aged 10–17 years randomized 
to either intramuscular IFN-β-1a or fingolimod treatment in 
the PARADIGMS study. In that study, the fingolimod group 
had a significantly greater reduction in RR, lesion accu-
mulation, and brain volume loss than the group receiving 
intramuscular IFN-β-1a [11]. Consistent with the primary 
efficacy results, treatment with fingolimod compared with 
IFN-β-1a was associated with a greater improvement in all 
measures of health-related QoL, as reported by the patients, 
and in Total Scale Score and Physical Health Summary 
Score as reported by their parents. With respect to clini-
cally meaningful change on the QoL measures, the propor-
tion of patients receiving fingolimod versus IFN treatment 
with clinical meaningful improvement was higher across all 
measures. However, the biggest differences between the two 
treatment arms were noted in psychosocial health by patients 
(fingolimod vs. intramuscular IFN-β-a1, 52.5 vs. 29.5% 
improved QoL during the study; p = 0.001) and within 
physical health as reported by parents (fingolimod vs. intra-
muscular IFN-β-a1, 38.8 vs. 21.5%; p=0.012). Presumably, 
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the lower RR, fewer associated hospitalizations, and possibly 
fewer IFN-associated side effects contributed to the greater 
QoL noted by the fingolimod group. These findings further 
emphasize that parents and patients perceive the impact of 
the disease process on health outcomes differently [11, 85]

3.2  Vitamin D and Diet

In a low-powered study, Kampman et al. [86] failed to find 
improvement in functional tests and fatigue severity score 
in 62 patients with MS taking weekly 20,000 IU 25(OH)D. 
However, Achiron et al. [87] randomized 158 patients with 
MS with significant fatigue to receive 25(OH)D or placebo. 
Those receiving 25(OH)D significantly improved fatigue and 
QoL scores in the RAYS psychological and social scales and 
had a decreased RR after 4 months of treatment. Ashtari 
et al. [88] described similar improvements in patient QoL 
after 3 months of treatment.

To date, one single randomized pilot study has focused 
on the relationship between 25(OH)D deficiency and depres-
sion in relapsing-remitting MS (RRMS); no statistically 
significant differences between the treatment and placebo 
groups were observed [89].

Which low-fat diet provides the highest benefits in MS 
remains unclear, and further studies comparing different 
diets are needed. For example, a small RCT in adults with 
RRMS did not find differences in RR between a low-fat diet 
with omega-3 poly-unsaturated fatty acids (PUFA) and the 
Mediterranean diet supplemented with olive oil. However, 
the “fish oil” group had greater improvement in QoL (physi-
cal and mental parameters) at 6 months, whereas fatigue 
improved exclusively with the Mediterranean diet [90].

Although some studies found that low-fat diets improved 
fatigue [56], QoL [91], depression, and cognitive health [92] 
in adults with MS [93], other authors did not reach the same 
conclusions [55].

3.3  Rehabilitation

There is growing excitement regarding evidence of neu-
roplasticity as a mechanism to compensate for pathology 
and cognitive dysfunction in MS. There are no RCTs on 
neuro-rehabilitation in POMS to date, partly because these 
interventions in children need to be tailored by each age 
group according to specific needs, cognitive level, and 
interests. However, the growing use of telemedicine pro-
tocols for enhancing cognitive function, fatigue, and other 
aspects of well-being shows great promise for application 
to those with POMS. This methodology facilitates recruit-
ment across wide geographic areas and lessens the toll on 
the family with respect to participation and compliance with 
the intervention.

Intensive cognitive rehabilitation with a special empha-
sis on attention, processing speed, memory, and executive 
function has shown benefit on improving cognitive deficits 
and QoL in adults with MS [94–96], with brain changes 
demonstrated on functional MRI [97, 98].

Different neuro-cognitive interventions have been exam-
ined in adults with MS. In a recent review [99], the highest 
level of evidence supported the “Attention Process Training” 
[94] and the “RehaCom” computer program [100] to treat 
attention disorders and the use of images/ context (“modi-
fied Story Memory Technique”) [96] and music [101] for 
memory and learning impairments in adults with MS. Others 
have demonstrated the benefit of computer-assisted cogni-
tive rehabilitation in the treatment of processing speed and 
memory issues in MS [102]. A major advantage of this form 
of cognitive training is that it can be done at home. One 
study employing telemedicine in adults with MS showed 
greater improvement in cognitive functioning in the adap-
tive cognitive remediation program—a supervised computer 
cognitive training administered at home—over the active 
control of ordinary computer games [103].

3.4  Exercise

Table 3 summarizes the highest level of evidence on the 
role of exercise in QoL, fatigue, depression, and cognitive 
function in patients with MS. No level 1 evidence studies in 
POMS have been published to date.

Children diagnosed with MS engage in less physical 
activity than those with monophasic acute disseminated 
encephalo-myelisis or their healthy counterparts [104, 105]. 
Grover et al. [104, 105] found that adolescents with less per-
ception of their physical limitations and those scoring higher 
on the “Physical Activity Self-Efficacy Scale” and the “Exer-
cise Goal-Setting Scale” were more likely to participate in 
moderate and vigorous exercise. However, the authors did 
not find a correlation between level of exercise and depres-
sion or fatigue, which contrasts with another recent publica-
tion that demonstrated less fatigue and depression in those 
undertaking moderate to vigorous exercise in POMS [106].

A recent exploration of physical activity perceptions 
in eight adolescents with POMS reported overall posi-
tive perceptions of the benefit of physical activity among 
participants but also a common fear that exercising could 
worsen their MS symptoms and cause relapses. Participants 
described the lack of social support, time, and opportunity 
as hindrances to exercise and asked for better education 
regarding specific exercises, outcomes, and safety and for 
opportunities for social engagement with other individuals 
with POMS [107].

Physical activity helps with sleep issues and fatigue in 
children with POMS [104, 105, 108]. In adults, exercise 
and physical therapy improves MS-related fatigue and QoL 
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[109–116]. A recent meta-analysis also showed a statisti-
cally significant benefit of exercise on reducing depressive 
symptoms [117] and improving cognition [118, 119].

3.5  Sleep and Fatigue Management

Sleep disorders (SDs) are common in adults with MS and 
include restless legs syndrome, periodic limb movements, 
and sleep apnea [120].

Several studies in adults with MS have shown that SDs 
adversely affect QoL [120, 121] by worsening fatigue [120, 
122] and depressive symptoms [123, 124]. Treatment of 
SDs improves MS-related fatigue [125, 126] and QoL [120]. 
Patients with MS with SD frequently report a decline in self-
perceived cognition [127]. However, a study in which par-
ticipants with MS with altered sleep and those with normal 
sleep underwent cognitive testing reported no performance 
differences between the two groups. Interestingly, those with 
disrupted sleep patterns displayed decreased functional con-
nectivity in thalamic circuits [128].

Few studies have addressed sleep issues in POMS. One 
author found that patients with POMS were more successful 
at managing sleep hygiene than matched healthy controls 
[129]. This may represent a mechanism to adjust for daytime 
fatigue and/or the consequence of more structured parental-
promoted routines in families of children with POMS. Exer-
cise also improves sleep symptoms in children [104, 105]. 
The specific SDs in children with POMS and their impact on 
QoL have not yet been described. Further studies are needed 
to identify the most appropriate interventions to improve 
sleep in this population.

Children with POMS are prone to mood disorders [7] and 
fatigue, both of which can negatively influence their QoL. 
In a cohort of 106 patients with POMS and 210 matched 
healthy controls, children with MS were significantly more 
depressed and experienced greater fatigue and loss of QoL 
than controls [130].

We previously described a cohort of 45 children with 
POMS with a high incidence of mood disorders (15 with 
anxiety, 11 with other mood disorders, and 12 with atten-
tion deficit and hyperactivity). Although not significant, 
we found greater cognitive impairment in the group with 
psychiatric disorders (80 vs. 55%), particularly those with 
anxiety and mood disorders [79]. Although no studies have 
addressed the most beneficial interventions in children with 
POMS and mood disorders, clinicians should be prompt in 
evaluating and treating these symptoms with counseling and 
medication when appropriate.

Questions remain as to the most appropriate testing 
to measure and address cognitive problems, fatigue, and 
QoL in children and adolescents with POMS [131]. The 
specific management of SDs is beyond the scope of this 
review. Regarding the treatment of MS-related fatigue 

among adults, pharmacologic interventions do not appear 
superior to placebo. Hence, it is likely that, for those in the 
pediatric age group, nonpharmacologic approaches will 
have the best outcomes.

The nonpharmacologic interventions of cognitive 
behavioral therapy and rehabilitation can effectively 
improve fatigue [132, 133], SDs, and depression in adults 
with MS. Veauthier et al. [134] suggested an algorithm to 
diagnose and treat MS-related fatigue, depression, noc-
turia, and SDs. It starts by ruling out comorbid condi-
tions and sedatives and ends with recommendations for 
therapeutic trials and behavioral interventions. Further 
research is needed to determine the most beneficial inter-
ventions for SDs, fatigue, and mood disorders in children 
with POMS.

4  Conclusions

MS affects children and adolescents at a critical time in their 
social and cognitive development.

Parents and children with POMS most often list poor 
emotional and school functioning as their main concerns 
[135] and appreciate the resources provided to cope with the 
diagnosis and a holistic approach in treatment [136].

Most of the studies on functional benefits, including 
cognition and QoL, in MS have been undertaken in adults. 
These studies are frequently underpowered and have too 
many limitations to generalize conclusions. Very few RCTs 
have addressed these issues in POMS.

Level 1 evidence studies are needed in both children and 
adults with MS to determine the specific benefits of health 
interventions that modify factors implicated in the disease 
course. This is particularly challenging in children given 
the smaller sample and different levels of functionality and 
cognitive maturation in each age group. Interventions to 
enhance cognition in children should be tailored to the spe-
cific needs and interests of the age to guarantee adherence 
and efficacy.

While we wait for a definitive cure for the disease, there 
is increasing awareness of the importance of treating POMS 
in a holistic manner, paying attention to functional comor-
bidities and evaluating and addressing mood and cognition. 
We can conclude that, in general, promoting healthy coping 
behaviors and encouraging participation in school sports and 
extracurricular activities are essential to enhance a sense of 
well-being in children with MS.

At the time of this review, a large RCT analyzing the 
benefits of 25(OH)D in MS is ongoing. In the next few years, 
we expect to see further large studies in the field addressing 
health interventions to preserve brain reserve and enhance 
functionality in children with POMS.
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