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Abstract

An intermittent fasting or calorie restriction diet has favorable effects in the mouse forms of 

multiple sclerosis (MS) and may provide additional anti-inflammatory and neuroprotective 

advantages beyond benefits obtained from weight loss alone. We conducted a pilot randomized 

controlled feeding study in 36 people with MS to assess safety and feasibility of different types of 

calorie restriction (CR) diets and assess their effects on weight and patient reported outcomes in 

people with MS. Patients were randomized to receive 1 of 3 diets for 8 weeks: daily CR diet (22% 

daily reduction in energy needs), intermittent CR diet (75% reduction in energy needs, 2 days/

week; 0% reduction, 5 days/week), or a weight-stable diet (0% reduction in energy needs, 7 days/

week). Of the 36 patients enrolled, 31 (86%) completed the trial; no significant adverse events 

occurred. Participants randomized to CR diets lost a median 3.4 kg (interquartile range [IQR]: 

−2.4, −4.0). Changes in weight did not differ significantly by type of CR diet, although 

participants randomized to daily CR tended to have greater weight loss (daily CR: −3.6 kg [IQR: 

−3.0, −4.1] vs. intermittent CR: −3.0 kg [IQR: −1.95, −4.1]; P=0.15). Adherence to study diets 

differed significantly between intermittent CR vs. daily CR, with lesser adherence observed for 

intermittent CR (P=0.002). Randomization to either CR diet was associated with significant 

improvements in emotional well-being/depression scores relative to control, with an average 8-

week increase of 1.69 points (95% CI: 0.72, 2.66). CR diets are a safe/feasible way to achieve 

weight loss in people with MS and may be associated with improved emotional health.
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1. Introduction

Multiple sclerosis (MS) is a disease of the central nervous system with a highly variable 

clinical course. Currently, it is unclear as to why certain individuals experience relatively 

little disability progression while others accumulate substantial physical and cognitive 

disability (Frohman et al., 2006). Interest in comorbidity as a potential factor that could 

explain some of heterogeneity in outcomes is rapidly rising (Marrie, 2017b). The metabolic 

syndrome and closely related vascular disorders like diabetes and hyperlipidemia are 

overrepresented in people with MS and are strongly associated with adverse MS outcomes 

(Marrie, 2017a). Aspects of diet are important determinants of the development of metabolic 

comorbidity in the general population and also directly influence biologic mechanisms 

potentially relevant to MS, such as immune and mitochondrial function, oxidative stress and 

the gut microbiota (Brown and Hu, 2001, Jangi et al., 2016, Bhargava and Calabresi, 2016, 

Bagur et al., 2017, Tremlett et al., 2017). As a result, dietary modification is emerging as a 

safe and interveneable approach to potentially modify disease course (Azary et al., 2017; 

Fitzgerald et al., 2017).
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One aspect of diet that shows particular promise involves the timing and amount of caloric 

intake. Intermittent calorie restriction or intermittent fasting leads to a less aggressive 

disease course and has potential remyelinating properties in the mouse models of MS (Piccio 

et al., 2008, Choi et al., 2016). Recent studies of overweight healthy subjects have shown 

that an intermittent fasting diet in which subjects eat 500–600 calories on two days each 

week, with normal consumption on the other five days (5:2 diet) exhibit reductions in body 

weight and body fat, increased insulin sensitivity, and reductions in markers of oxidative 

stress and inflammation (Harvie et al., 2013, 2011). However, whether diets that incorporate 

fasting periods are feasible and beneficial in people with MS is unknown. Therefore, to 

assess the safety and feasibility of an intermittent fasting diet in people with MS, we 

conducted a pilot randomized controlled feeding study, denoted “Alternating the Timing and 

Amount of Calories in MS (ATAC-MS),” of two different types of calorie restriction (CR) 

diets (clinicaltrials.gov: NCT02647502) vs. placebo. Additional secondary outcomes 

explored the effects of CR diets on body weight and anthropometric characteristics as well 

as on patient-reported outcomes (PROs) including fatigue, sleep and mood.

2. Methods

2.1. Study population

Beginning in December 2015, people with MS aged 18 to 50 were recruited from the Johns 

Hopkins MS Center, which provides care to over 3000 people with MS annually. To be 

eligible, participants met the 2010 criteria for relapsing-remitting MS, had a new lesion or 

relapse in the past 2 years, had a disease duration ≤15 years, Expanded Disability Status 

Scale (EDSS)<6.0, were stable on an injectable MS therapy or not on any therapy, and were 

not planning to change vitamin D or thyroid medication for the next 48 weeks. Other 

eligibility criteria required participants to not smoke more than 1 cigarette/day (for at least 2 

months), have a BMI of at least 23, maintain a stable weight (±8 lbs) for 3 months preceding 

the study and not be currently following a specialized diet for MS or other reasons. 

Exclusion criteria included a history of diabetes, eating disorders, kidney disease, warfarin 

use, major surgery (in previous 3 months), chemotherapy (in the past year), and pregnancy 

or breast feeding.

2.2. Study design

To determine energy needs precisely, at the study baseline, height and weight were recorded 

(used to calculate BMI), and all participants underwent indirect calorimetry. Each was 

randomized to 1 of 3 diets: a control diet (100% of calorie needs 7 days/week), a daily CR 

diet (78% of calorie needs 7 days/week) and intermittent CR (a “5:2” style diet; 25% of 

calorie needs 2 consecutive days/week; 100% of calorie needs 5 days/week). Weekly calorie 

deficits between the two CR diets were thus similar, and randomization was stratified by 

obesity status (BMI<30; BMI≥30). At study baseline and at week 8, body composition (lean, 

total and visceral fat) was determined using Dual X-ray Absorptiometry (DXA), and fasting 

glucose, triglycerides, and lipid levels were assessed using established clinical assays. At 

baseline and during weeks 4 and 8, participants also provided information onPROs including 

functional status (functional assessment of MS [FAMS]), fatigue (thinking/fatigue 

component of FAMS), mood (emotional well-being component of FAMS) and sleep quality 
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(Pittsburgh Quality Sleep Index [PSQI]; at baseline and week 8). Visits during week 4 and 8 

took place following a 25% intake day for individuals in the intermittent CR arm. All 

participants provided written consent at enrollment, and the study was approved by the 

Johns Hopkins School of Medicine Institutional Review Board.

2.3. Intervention

Prior to the initiation of the controlled feeding period, each participant completed three 24-h 

recalls (corresponding to 2 weekdays and 1 weekend day), which were collected and 

analyzed by a trained dietetic technician using Nutrition Data System for Research (NDSR) 

versions 2015–2016. The study diets were standardized to the US median for all 

macronutrient (carbohydrate, protein, and fat) content so as to avoid co-intervention due to 

substantial change in the diet components. For a period of 8 weeks, all meals were prepared 

by the US Department of Agriculture (USDA) Beltsville Human Nutrition Research 

Laboratory (Beltsville, MD) and shipped to participants’ homes twice per week. All meals 

were tailored to each individual’s specific calorie needs (determined by indirect calorimetry 

and by randomization status). Adherence to study diets was assessed via in-person 24-h 

recalls collected by study dieticians during study visits in weeks 4 and 8 (both following a 

25% intake day for individuals in the intermittent CR arm).

2.4. Outcomes

The primary outcomes of the study were safety and feasibility of different types of CR diets 

in people with MS. Grade 3 events were specified as events which required hospitialization 

and limited the subject’s ability to care for himself or herself. We created a continuous 

measure of adherence as the difference between study-provided calorie intakes and 

participant reported intake collected during the 24-h recalls. Secondary outcomes included 

changes in weight, fasting glucose, lipid levels, and changes in PROs including fatigue, 

sleep and mood.

2.5. Statistical analysis

For the primary outcome, we assessed whether study adherence differed according to 

randomization status using mixed effects linear regression models to estimate average per-

day difference in calorie intake between the diet provided by the study and what the person 

had actually consumed. For secondary outcomes, we applied a similar strategy assessing the 

effects of randomization to CR diets on changes in weight, BMI, body composition (both 

total and visceral fat mass and lean mass), fasting glucose and lipid levels and PROs, 

according to the intention to treat (ITT) principle. Further, as weight loss is associated with 

improvements in many PROs in the general population, (Alfaris et al., 2015, Rubin et al., 

2013) in secondary, post hoc analyses, we also assessed whether there was an association 

between concomitant changes in anthropometric characteristics and in PROs. For these 

analyses, we calculated the correlation between the patient-specific rate of change in 

anthropometric characteristics and patient-specific rate of change in each PRO estimated 

from separate mixed-effects linear regression models.
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3. Results

3.1. Characteristics of ATAC-MS study participants

Baseline characteristics of all 36 enrolled subjects are provided in Table 1. At baseline, on 

average participants were aged 37.4 (standard deviation [SD]: 7.4), were 81% female, had an 

average BMI of 32.6 (SD: 7.8) kg/m2, and were 45.7% (SD: 7.5) body fat. At baselines, 

characteristics of study participants (with the exception of age) were generally comparable 

acros the three diets; control participants were on average slightly younger than those 

randomized to CR diets (P=0.04). The macronutrient composition of the trial diet was 

similar to what participants were consuming prior to enrollment, suggesting no average 

differences between pre-baseline diet and USDA-provided diets (Supplementary Fig. 1, all 

P>0.05). Of the 36 participants enrolled in the study, 31 (86%) completed the 8-week 

feeding portion of the study; three participants withdrew or were lost to follow-up in the 

control arm, one participant was lost in the intermittent CR arm, and one participant was lost 

in the daily CR arm (Fig. 1). These five indiviudals did not complete the feeding portion of 

the study and did not provide outcome data.

3.2. Adherence to study diets

A quantitative measure of adherence was defined as the per-day difference in calorie intake 

between the diet provided by the study and what the person had actually consumed (recalls 

were conducted after a 25% day for individuals randomized to intermittent CR). We noted 

significant differences in adherence between the diets (Fig. 2; P for any difference between 

the diets=0.03). On average, individuals randomized to intermittent CR consumed on 

average 92 additional kilocalories than what was provided by study diets whereas 

individuals randomized to daily CR or control diets consumed respective 344 and 201 fewer 

kilocalories than what was provided by the study diets (P for intermittent vs. daily=0.002; P 
for intermittent vs. control=0.05). No significant difference in adherence was observed 

between individuals randomized to daily CR relative to control diets.

3.3. Adverse effects and safety

We did not observe any adverse events of grade 3 or higher during the controlled feeding 

portion of the study. Of the 36 participants enrolled, 9 (25%) reported mild symptoms 

determined by an independent study monitor to be probably or certainly related to the 

provided diet, with hunger being the most common symptom experienced. Eight participants 

experienced symptoms determined to be “possibly” related to CR diets, with fatigue and 

headaches being the most common symptoms experienced (4/8 were randomized to 

intermittent CR; 2/8 were randomized to daily CR, 2/8 were randomized to control). A 

comprehensive metabolic panel was performed at baseline and at week 8 did not indicate 

any negative effects of either type of CR diet (Table 2).

3.4. Anthropometric and biomarker outcomes

Changes in anthropometric and lipid measures are provided in Table 2. Participants 

randomized to CR diets lost a median 3.4 kg (interquartile range [IQR]: −2.4, −4.0). 

Changes in weight did not differ significantly by type of CR diet at a rate of −0.43 kg/week 
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(Table 2 and Fig. 3; 95% CI: −0.54 to −0.31). Individuals randomized to daily CR tended to 

lose more weight than individuals randomized to intermittent CR, though this difference was 

not significant (Fig. 3; P=0.15). Those randomized to daily CR lost a median 3.6 kg (IQR: 

−3.0, −4.1) occurring at a rate of −0.53 kg/week (95% CI: −0.69 to −0.38), while those 

randomized intermittent CR lost a median 3.0 kg (IQR: −1.95, −4.1) at a rate of −0.32 kg/

week (95% CI: −0.45 to −0.17). CR diets were also associated with significant reductions in 

fat and lean mass, and daily CR diets were associated with a significantly greater rate of 

reduction in fat mass when compared with intermittent CR (daily CR: −330.1 g/week; 95% 

CI: −445.8 to −214.5; intermittent CR: −119.8 g/week; 95% CI: −235.5 to −4.4; P for 

interaction=0.01). On average, intermittent CR diets were associated with significant rates of 

decline in cholesterol levels; however, differences over time between either CR diet vs. 

control diets were not statistically different (Table 2).

3.5. Calorie restriction diets and patient-reported outcomes

In ITT analysis, randomization to either CR diets was not associated with improvements in 

overall FAMS scores relative to control; however, CR diets were associated with significant 

improvements in the emotional well-being/depression components of the FAMS score (Fig. 

4; CR diets 0.21 point/week increase; 95% CI: 0.09 to 0.33; control diets −0.03; 95% CI: 

−0.21 to 0.16; P for difference in slope=0.04). Randomization to CR diets was not 

associated with changes in other PROs, including fatigue or sleep quality (all P>0.05). In 

post-hoc analyses, patient-specific rates of change in weight loss were also positively 

correlated with patient-specific rates of change in emotional well-being scores (Spearman 

r=0.39; P=0.03).

4. Discussion

This randomized-controlled pilot feeding trial of different types of CR diets indicates that 

both intermittent and daily calorie restriction are unlikely to be harmful methods to reduce 

weight in people with MS, at least in the short term. The daily CR diet was associated with 

marginally greater weight loss than the intermittent CR diet. Differential adherence to study 

diets between intermittent vs. daily CR likely contributed to the observed difference in 

changes in anthropometric changes. Both CR diets were associated with trends toward 

improvements in cardiometabolic outcomes. With respect to PROs, we found that CR diets 

were associated with in improvements in emotional well-being.

In the mouse models of MS, intermittent fasting and “fasting mimicking diets” delay the 

onset of disease, lesser disease severity and decreases in markers of inflammation and 

relevant metabolic hormones, like leptin (Piccio et al., 2008, Choi et al., 2016). In humans, 

previous studies of fasting mimicking diets have predominantly concentrated on their effect 

on anthropometric and metabolic intermediates in healthy, but overweight adults. Results 

suggest favorable outcomes with respect to weight control and metabolic homeostasis for 

intermittent CR vs. daily CR (Harvie et al., 2013, Trepanowski et al., 2017, Hoddy et al., 

2016, Barnosky et al., 2014). Follow-up analyses of ATAC-MS participants will assess the 

effects of different types of CR diets on relevant biologic intermediates like the metabolome 
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(Bhargava and Calabresi, 2016) and the gut microbiota (Tremlett et al., 2017) as well as on 

immune and hormonal outcomes.

The results of our study assessing adherence are consistent with a large recent trial of 

alternate-day fasting vs. daily CR in 100 metabolically healthy but obese adults 

(Trepanowski et al., 2017). Specifically, the trial of a different fasting protocol tested 

whether daily CR (25% reduction in calories/day) vs. alternate-day fasting (2-day cycle of 

CR: 75% reduction in calories/day; 125% intake of calories/day) was associated with 

different anthropometric and cardiometabolic outcomes. After one year, change in weight 

did not differ significantly between the daily CR vs. alternate-day fasting (both were 

associated with a 5–6% decrease in body weight). Drop-out rates were also significantly 

higher in the alternate-day fasting group when compared with daily CR. While drop-out 

rates did not differ between CR arms in our study, adherence was lower in the intermittent 

CR arm relative to daily CR and suggests that drop-out could potentially differ following the 

conclusion of the controlled feeding portion of the study. Further studies may need to 

explore alternative forms of intermittent fasting and mechanisms to promote longer-term 

adherence to specific dietary recommendations in people with MS.

Several studies have suggested that in early MS, when physical disability is low, emotional 

health is one of the most burdensome symptoms for people with MS and may be associated 

with greater disability in the long term (Garg et al., 2016, Valet et al., 2017, Mowry et al., 

2009). This study is promising in that even over a short period of time, randomization to 

calorie restriction diets was associated with a potential clinically meaningful improvement in 

emotional health; a clinically meaningful improvement in emotional well-being scores is a 

change in at least 0.97, as described in a much larger sample of people with MS (Mowry et 

al., 2009). Over the 8-week feeding period, ATAC-MS participants randomized to CR diets 

achieved an average improvement of 1.63 in emotional well-being scores, thus, suggesting a 

clinically meaningful improvement in emotional well-being. These results are consistent 

with a growing body of evidence implicating a role of diet in the etiology and severity of 

depression (Jacka et al., 2017) in the overall population as well in people with MS 

(Fitzgerald et al., 2017).

The current study has several limitations. It was short in duration, while sustained benefits of 

a dietary change in MS will require long term adoption thereof. Future studies assessing 

stragtegies to maximize adherence to dietary intervention trials are also important, as 

establishing efficacy is moot if participants are unable to follow such a diet in the long term. 

Generalizabiliity of the results may be reduced because the study included only relapsing-

remitting patients on injectable MS therapies and because it is likely that the patients who 

are willing to participate in such a trial are different than those who are not. Although the 

study provided all food for all participants (to exact calorie levels), its remote design relies 

on participant self-report to track adherence, whereas in a more traditional feeding study in 

which participants consume all meals at the research center (uneaten foods can be registered 

on-site). However, the remote design is a practical necessity in order to feasibly recruit 

people with MS to participate in a feeding study (i.e., an effectiveness study). Finally, an 

important secondary outcome of our study was to quantify whether intermittent CR relative 

to daily CR has additional benefits beyond weight loss, as indicated by the laboratory 
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studies. Because adherence was reduced in the intermittent CR when compared with the 

daily CR, residual confounding resulting from differential adherence patterns may bias 

comparisons between patient-reported outcome differences between the CR arms. Despite 

these limitations, our study is strengthened by its randomized and tightly controlled design. 

Further, our study was a controlled feeding study, and therefore, provided all meals for a 

period of 8-weeks, which has been shown to promote adherence to the specified foods 

(regardless of randomization arm) in several previous dietary intervention studies 

(Trepanowski et al., 2017, Hall and Most, 2005).

Our trial results suggest that even if there are no associated benefits related to traditional MS 

clinical or radiological outcomes, calorie restriction and weight loss represent a low-tech 

intervention for clinically relevant symptoms due to MS, such as emotional well-being, 

without adding meaningful risks or adverse outcomes. In follow-up studies, we are currently 

assessing the effects of long-term adherence to intermittent CR in this population. Future 

effectiveness studies are needed to evaluate how to help individuals follow dietary protocols 

without the aid of shipped and portioned foods for the long term and whether other 

potentially more amenable fasting-mimicking diet protocols are more easily adopted and 

have similar benefits with respect to anthropometric and patient-reported outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
ATAC-MS participant flow.

*Following a pre-screen review of medical charts by study team members.
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Fig. 2. 
Adherence to study diets by randomization status.

Adherence to study diets was assessed by 24-h recalls collected during visits during weeks 4 

and 8. For those in the intermittent calorie restriction arm, recalls during weeks 4 and 8 were 

completed following a 25% calorie intake day. Quantitative adherence was defined as the 

per-day difference in calorie intake between the diet provided by the study and what the 

person had actually consumed. We note a significant difference in mean adherence between 

intermittent vs. daily CR (P=0.002) and between intermittent vs. control (P=0.05). We 

observed no difference in mean adherence comparing daily vs. control (P=0.36).
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Fig. 3. 
Changes in weight (kg) associated with randomization to calorie restriction diets.
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Fig. 4. 
Change in emotional well-being/depression associated with randomization to calorie 

restriction diets.

Fitzgerald et al. Page 13

Mult Scler Relat Disord. Author manuscript; available in PMC 2019 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fitzgerald et al. Page 14

Table 1

Baseline characteristics of ATAC-MS participants.

Control Calorie restriction P-value*

Daily Intermittent

N 12 12 12

Mean age, years (SD) 33.3 (7.0) 40.5 (5.4) 38.5 (7.4) 0.04

Male sex (%) 3 (25.0) 2 (16.7) 2 (16.7) 0.84

Waist circumference, cm (SD) 101.1 (16.6) 104.3 (21.4) 96.4 (10.9) 0.52

Body Composition

 Lean mass, kg (SD) 45.2 (9.7) 45.0 (11.2) 44.3 (7.8) 0.97

 Fat mass, kg (SD) 39.4 (12.0) 44.5 (18.2) 38.8 (11.4) 0.57

 Visceral adipose tissue, kg (SD) 0.68 (0.24) 0.94 (0.48) 0.78 (0.32) 0.25

 %Body fat 44.9 (4.6) 47.4 (7.8) 44.8 (7.3) 0.63

 %Lean mass 52.2 (7.4) 49.8 (7.4) 52.2 (6.9) 0.66

 %VAT of total body fat 1.7 (0.3) 2.1 (0.4) 2.0 (0.6) 0.18

Fasting glucose, mg/dL (SD) 76.8 (8.5) 82.9 (13.0) 80.6 (12.5) 0.42

Triglycerides 94.6 (65.4) 89.9 (39.2) 113.6 (76.1) 0.63

Total cholesterol, mg/dL (SD) 181.3 (27.8) 177.2 (27.1) 177.6 (30.4) 0.93

HDL cholesterol, mg/dL (SD) 57.8 (8.8) 56.3 (15.2) 55.3 (18.1) 0.91

LDL cholesterol, mg/dL (SD) 104.7 (28.5) 103.0 (25.3) 99.7 (22.6) 0.90

Patient Reported Outcomes

FAMSa,b total (SD) 150.2 (11.5) 138.2 (20.2) 147.5 (22.0) 0.63

 FAMS – emotional well-being/depressiona,b, (SD) 26.4 (2.4) 24.3 (4.0) 25.6 (2.2) 0.22

 FAMS – thinking/fatiguea,b, (SD) 26.8 (5.2) 24.3 (6.9) 23.3 (10.1) 0.53

PSQI* (SD) 4.9 (3.4) 6.8 (3.7) 6.8 (3.2) 0.38

PSQI: Pittsburgh Quality Sleep Index.

*
P-values derived from univariate tests evaluating statistical differences between randomization arms and given baseline characteristic.

a
FAMS – Functional assessment of Multiple Sclerosis.

b
For FAMS scores, higher scores are preferred as they denote better health status.
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