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Abstract

Background: Persons with multiple sclerosis (MS) have many health conditions related to
overweight and obesity, but little is known about how body composition among those with MS
compares to those without MS at the same weight.

Objective: To compare differences in whole body and regional body composition between
persons with and without MS matched for sex and body mass index (BMI).

Methods: Persons with MS (7= 51) and non-MS controls (7= 51) matched for sex and BMI.
Total mass, lean mass, fat mass, and percent body fat (%BF) of total body and arm, leg, and trunk
segments were assessed using dual-energy X-ray absorptiometry (DXA).

Results: Men with MS had significantly less whole body lean mass (mean difference: 9933.5 +
3123.1 g, p< 0.01) and higher fat mass (mean difference: 6079.0 + 2137.4 g, p=.01) and %BF
(mean difference: 9.43 £ 2.04%, p < 0.01) than BMI-matched non-MS counterparts. Further, men
with MS had significantly lower lean mass in the arm (p = 0.02) and leg (p < 0.01) and higher fat
mass in the arm (p=0.01), leg (o = 0.03) and trunk (© = 0.03) than men without MS. Men with
MS had significantly higher %BF in all three regions (p < 0.01) than men without MS. There were
no differences between women with and without MS.

Conclusions: We observed significant differences in whole body and regional body composition
between BMI-matched men with and without MS. Additional research is needed to further explore
differences in body composition, adipose distribution, and the impact of these differences on the
health and function of men with MS.
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Maintaining a healthy weight is essential for reduction of health risks and promotion

of healthy aging, and may further help with symptom management and prevention of
disability among persons with chronic diseases and conditions such as multiple sclerosis
(MS).14 Healthy weight is often measured by body mass index (BMI), calculated from
measures of height and weight collected using a scale stadiometer.> Using BMI has several
advantages (e.g. inexpensive and easy to administer), but it is not able to distinguish body
composition (i.e. adipose and lean tissue mass or ratio), or identify adiposity distribution.
Much of the disease risk associated with body weight stems from body composition, and
specificall the presence and location of higher levels body fat and less lean tissue mass.
Increased fat mass and decreased lean tissue mass are associated with higher risks of
cardiometabolic disease and musculoskeletal conditions including arthritis that can lead to
further physical deconditioning, resulting in increased incidence of falls and poor quality of
life.8-12 In addition to risks associated with whole body fat and lean mass, the composition
of individual body segments has been particularly important for predicting disease risk.

For example, increased central adiposity (i.e. abdominal adiposity) is associated with
cardiometabolic disease, stroke, and cancer, whereas decreased appendicular lean mass (i.e.
lean mass of the arms and legs) is associated with increased falls and frailty.13-16

Persons with MS have elevated rates of many weight-related comorbidities, including
cardiovascular disease, fatigue, and depression, and are at higher risk of falls and resulting
fractures than healthy controls.1”.18 To that end, persons with MS may have distinct patterns
of body composition that increase the risk for developing such comorbidities. There is some
evidence that people with MS have poorer body composition when compared to healthy
controls. Several studies have noted no differences in whole body fat and lean mass between
participants with and without MS; however some have reported differences in specific body
segments.1® Two separate studies reported no differences in whole body fat or lean mass
between women with and without MS; however, both studies reported significantly less

lean mass in the lower extremities of women with MS, and one of the studies reported
significantly higher fat mass in the lower extremities of women with MS.20:21 A third

study reported no differences in total body composition, but noted that participants with

MS had significantly more fat mass and less lean mass in the leg, and this reduction in

lean mass was associated with reduced muscle fiber size and quadriceps strength.22 These
findings highlight the need for more research that examines segmental body composition
and fat distribution patterns in people with MS, and how body composition of those with
MS compares to individuals without MS at the same weight. Therefore, the current study
investigated differences in whole body and regional body composition between pairs of
individuals with MS and non-MS controls matched for sex and BMI.

We conducted a secondary data analysis using a deidentified data set of 235 persons with
MS and 53 non-MS controls who had participated in five previous research studies involving
body composition assessment at a university research laboratory between January 17, 2006
and July 18, 2014.20.23-25 Three studies involved cross-sectional examinations of fitness,
functional, and symptomatic outcomes in persons with MS, and two were prospective
studies involving physical activity or exercise training interventions. Data from participants
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with MS were included from all five research studies (n=77,n=61,n=34,n=33,n=
30), and data from control participants were included from two (n = 33, n = 20) of these
studies. The inclusion criteria for all participants in the original studies were aged 18-65
years; ambulatory with or without an assistive device; and absence of contraindications for
exercise participation on the basis of the Physical Activity Readiness Questionnaire.26:27
Participants with MS had a clinically definite diagnosis of MS and were relapse-free during
the past 30 days before assessments.

For the purposes of these analyses, participants with MS in the initial dataset were matched
with non-MS control participants based on sex and BMI within 0.5 BMI units (kg/m?).

Height and weight. Height and weight were measured in the laboratory to the nearest 0.1 cm
and 0.1 kg, respectively, using a Weigh Beam Eye-Level? scale with a stadiometer (Detecto,
Webb City, MO).

Body mass index (BMI). BMI was calculated as the weight in kilograms divided by the
height in meters squared.®

Dual-energy X-ray absorptiometry (DXA). Total mass, lean mass, fat mass, and percent
body fat (%BF) for both whole body and regional body segments were assessed by DXA
using a Hologic QDR 4500AP bone densitometer (Hologic, Inc., Marlborough, MA). For
regional analysis, analytical reference lines were placed through the crease of the axilla
and glenchumeral joint as well as the inferior edge of the chin and proximal femur

necks to segregate the arms, trunk and legs. All body composition values for the whole
body and regional body segments (arm, leg, and trunk) were performed according to
manufacturer guidelines. The accuracy of the densitometer was verified daily by scanning
the manufacturer's hydroxyapatite spine phantom of a known density.

Expanded Disability Status Scale (EDSS). The EDSS was used to characterize the disability
status of MS.28 The EDSS was based on a neurological examine performed by a Neurostatus
certified examiner. Neurostatus is an independent platform for training and certification

of researchers and physicians participating in projects that use a standardized, quantified
neurological examination and assessment of Kurtzke's Functional Systems and the EDSS

in MS (https://www.neurostatus.net). The EDSS score ranges from 0 to 10 in 0.5-point
increments; 0 indicates normal; 1 presence of minimal signs but no disability (Fig. 1); and
10 refers to death due to MS.

Patient Determined Disease Steps (PDDS) scale. The PDDS scale was used to characterize
the level of neurological disability based on the rating of MS participants.2® It is a self-
reported, single-item scale that ranges from 0 to 8, where 0 indicates mild MS symptoms
that do not limit normal activities (Normal) and 8 indicates inability to sit in a wheelchair
for more than an hour (Bedridden). The scale has been validated in MS20 and has correlated
strongly with EDSS.31
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Walking impairment. Walking impairment was determined by PDDS scores. Participants
with a PDDS score of 0-2 were categorized as having no walking impairment. Those with
scores of 3-8 were classified as having a walking impairment.

The procedures for this secondary data analysis were reviewed and approved by a university
institutional review board. Participants in the original studies provided written informed
consent before data collection. Briefly, participants visited a university research laboratory to
complete demographic, clinical, and morphological assessments. During the testing session,
all participants completed a self-report demographic questionnaire and participants with MS
further completed the PDDS. Standing height and weight were then assessed by a member
of the research team while participants were wearing light clothing and footwear; all
participants were capable for standing assessment of height and weight. We then undertook
a neurological examination of 8 functional systems (e.g., pyramidal, cerebellar, brainstem,
sensor, etc.) and ambulation that was performed by a Neurostatus certified examiner for
generating EDSS scores. The examiner was unaware of data from DXA, as the DXA

data were post-processed after the data collection session was complete. Participants lastly
underwent a whole body DXA scan. The scanning protocol was consistent across all studies
and conducted using the same Hologic QDR 4500A bone densitometer. All participants
wore lightweight clothing that was free of metal and removed all jewelry before scanning.
Participants were instructed to lay supine on the DXA table, with their body position
centered within the scanning field. All scanning procedures were performed according to the
manufacturer's instructions with the use of positioning aids, as necessary.

Data analysis

Results

Data were analyzed using IBM SPSS Statistics version 23.0 (IBM, Armonk, NY).
Descriptive statistics were computed to ensure the matching protocol was successful in
generating similar sex and BMI characteristics for the MS and non-MS groups. Descriptive
statistics were computed to summarize the demographic, clinical, and anthropometric
characteristics of the matched dataset. Values are presented as mean + standard deviation
(SD) unless otherwise specified. Spearman rank correlations (r;) were used to assess
correlations between EDSS, PDDS, and body composition within the MS group. Mann-
Whitney U tests were used to assess differences in EDSS and PDDS scores based on type of
MS. Independent samples #tests were used to assess differences in body composition (total
mass, fat mass, lean mass for whole body and each of the three regional segments) within
the MS group based on type of MS, and differences in body composition between the MS
and control group (for the entire sample and sex-specific analyses). Cohen's dwas calculated
as a measure of effect size for differences in body compaosition between the matched pairs.
An effect size of o= 0.2 was considered a small effect size, &= 0.5 was considered a
moderate effect size and /= 0.8 was considered a large effect size.32

51 matched pairs (n = 102 total participants; 80% female) were included in the analysis.
Table 1 provides the full characteristics of the sample. The mean age of the total sample was
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47.9 £ 10.2 years (MS group: 46.9 £ 9.2 years; control group: 48.9 + 11.2 years). Per the
study design, there were no significant differences in height, weight or BMI between the two
groups. There were no differences in age between the groups. Within the MS group, 40% of
participants had relapsing-remitting MS, and the mean time since diagnosis was 12.1 + 7.6
years.

Within the MS group, participants with progressive MS had significantly higher scores

on both the EDSS and PDDS than those with relapsing-remitting MS (median, range:
EDSSprogressive: 6.5, 3.0, EDSSRelapsing: 3-5, 6.5, P < 0.001; PDDSpqgressive: 4.0, 4.0,
PDDSRelapsing: 1.0, 5.0, p < 0.001). There were no differences in body composition between
the two types of MS. There were no significant correlations between EDSS or PDDS scores
with body composition in men with MS. Among women in the MS group, EDSS and PDDS
scores were significantly correlated with lean mass in the leg (EDSS rg=-0.34, p=0.04;
PDDS r;=-0.35, p=0.03).

There were no significant between group differences in any body composition variable when
the sample was analyzed across sexes; however, differences between groups emerged when
separate analyses were conducted for men and women (Table 2). Male participants with MS
had significantly lower whole body lean mass (mean difference: 9933.5 + 3123.1 g, p=
0.005) and significantly higher whole body fat mass (mean difference: 6079.0 £ 2137.4 g,
p=0.011) and %BF (mean difference: 9.4 + 2.0%, p < 0.001) than non-MS counterparts.
These differences appeared to be present in all three regional segments. Men with MS had
significantly lower lean mass in the arm and leg (mean differences: 1843.5 +719.9 g, p=
0.02, 4892.9 +£ 1138.3 g, p < 0.001, respectively), and significantly higher fat mass in the
arm, leg, and trunk (mean differences: 662.0 £ 228.8 g, p=0.01; 2112.8 + 62499, p=
003; 3350.4 + 1426.6 g, p= 0.03, respectively). Percent body fat in all three regions was
significantly higher in the male participant with MS (mean differences: arm 19.2 £ 4.7%, p
=0.001; leg: 22.2 £ 4.8%, p< 0.001; trunk: 9.6 + 2.6%, p=0.002) when compared to the
controls. Although women with MS had similar patterns of differences as men (higher fat
mass in whole body and all regions, as well as lower lean mass in the whole body, leg and
trunk), none of these differences reached statistical significance.

Discussion

The purpose of this study was to explore whole body and regional body composition in

a sample of adults with MS compared to non-MS controls matched for sex and BMI.

When analyzed as a total sample, our findings reflected those of previous authors who

noted no differences in body composition. The differences seen in total and regional body
composition between female participants with and without MS in this sample did not reach
statistical significance, yet a novel result was that male participants demonstrated significant
and large differences in all measures of body composition except lean tissue within the trunk
when comparing MS and non-MS participants matched on BMI.

Male participants with MS had increased whole body fat mass, and increased fat mass in
the arm, leg, and trunk regions, and all differences had a large effect size. These results
should be considered preliminary given the small number of men included in the study,
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but may have implications for our understanding of cardiometabolic risk development in
men with MS. Central adiposity, and specifically visceral adipose tissue, is associated

with cardiometabolic risks including insulin resistance. Oliveira3? reported increased insulin
resistance among a group of participants with MS compared to non-MS controls, despite
similar BMlIs. Additionally, within the MS group, those with insulin resistance had higher
EDSS scores than those who were not insulin resistant. These findings highlight an
interesting potential impact of obesity and cardiometabolic health on physical function and
disability in MS. More research is needed to understand if our findings in men with MS
hold true in larger samples, and to explore more specific adipose tissue deposition within the
abdominal region.

Our finding of reduced appendicular lean mass in men confirms previous research that
indicated reduced muscle mass in adults with MS. Ward20 reported less lower-extremity
muscle mass in women with MS compared to control participants without MS, and this
reduced mass was associated with lower physical function. Wens?2 reported similar results
in a sample of males and females, noting reduced muscle mass and quadriceps strength

in participants with MS compared to matched controls. Reduced appendicular lean mass
may be an indication of a higher rate of sarcopenia in adults with MS than in the general
population. Bove34 noted that age-related BMI increases typical of the general population
were not seen in a sample of adults with MS followed longitudinally, suggesting that

there may be an overly pronounced muscle wasting in MS. People with MS often have
neurological dysfunction as a result of demyelination and axonal loss of the central nervous
system.3%-37 Sych dysfunction includes decreased balance and coordination that can lead to
impaired mobility and higher risk of fall,38-41 which makes performance of physical activity
and daily tasks challenging in this population. If sarcopenia occurs in MS at an advanced
rate of that typically seen in the general population, this may compound the effects of these
balance and coordination impairments, and may lead to poorer health outcomes as a result of
falls. More longitudinal research is needed to determine if the lower muscle mass described
in cross-sectional studies of MS reflects a differential rate of deterioration overtime, which
could indicate a sarcopenic process.

There were no differences in body composition based on type of MS or duration since
diagnosis in this sample. Additionally, lean mass of the leg in female participants with MS
was the only measure of body composition correlated with PDDS or EDSS scores. These
findings may be influenced by the inclusion criteria of the studies from which this dataset
was derived. All participants had to be ambulatory with or without assistance, and have
no contraindications for exercise. Expanding this study to participants with more severe
impairment and symptoms may reveal relationships among MS duration, symptoms and
body composition.

Identifying factors that contribute to comorbid conditions and impaired physical function
is critical for designing effective interventions that can help maximize health and enhance
quality of life of people with MS. Body composition is one such factor that can be targeted
through large-scale non-invasive interventions. There are a number of dietary and exercise
interventions that have been shown to be effective for selective depletion of high-risk
adipose deposits and building muscle mass in the general population, but more work is

Disabil Health J. Author manuscript; available in PMC 2022 May 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wingo et al.

Page 7

needed to effectively translate these interventions for use in MS. Specifically, a convincing
body of evidence supports the hypothesis that exercise training can increase muscle mass,
improve strength, and decrease whole body fat mass in samples with MS, but evidence for
the depletion of regional fat mass in this group is lacking. Similarly, dietary intervention for
MS is an emerging area of research. Current recommendations for adults with MS typically
follow guidelines developed for the general population, but given the alterations in body
composition found in this study and others, these recommendations may not be adequate for
men with MS. More research is needed to develop specific dietary interventions to target
body composition in the MS population.

Study limitations

There are limitations of this study that should be noted. This study included a secondary
data analysis of body composition of men and women with MS compared to control
participants without MS matched on sex and BMI. The initial data set included a sizable
sample, but only 102 individuals could be matched on these criteria. This made the resulting
sample for this analysis small, particularly for the male participants; however, the strict
matching protocol used was critical for beginning to understand small but potentially
important differences between the study groups when body size was comparable. Effect
sizes between female groups were small, indicating the sample size may not have been
adequate for detecting statistically significant differences in this group. More research is
needed to determine if similar results are seen in a larger sample.

Additionally, data were not available on physical activity, physical function, and co-
morbidities for the entire sample. Whereas this study can highlight differences in the
variables included, it is not known if the differences in body composition seen in this
sample were associated with physical activity levels, specific physical function impairments,
or co-morbid conditions. It is widely acknowledged, however, that individuals with MS have
elevated risks of musculoskeletal and cardiometabolic diseases, and the current analysis may
highlight potential underpinning explanations for these risks. More research is also needed
to explore the role of physical activity, sedentary behavior, and cardiorespiratory fitness,
which are co-variates that may contribute to the increased risk of disease among persons
with MS independent of body composition.

Finally, the current study relied on DXA for assessment of body composition. While DXA is
a valid and reliable method for assessment of lean vs. fat mass, it is not able to assess more
detailed aspects of body composition. Research in other populations points to the impact

of specific adipose depots including visceral adipose tissue, intermuscular adipose tissue,
and hepatic fat stores as key to the development of multiple cardiometabolic abnormalities.
Additional analysis of these fat stores using more advanced methods such as magnetic
resonance imaging (MRI) may provide additional understanding of the impact of body
composition on comorbidities in MS, as well as potential targets for dietary and exercise
interventions.
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Conclusions

Our results indicated a difference in total body fat and lean mass, as well as fat and

lean mass of the arm, leg, and trunk in men with MS compared to BMI-matched

controls without MS. Given the results of this study, along with previous reports of body
composition differences in women with MS, additional research is warranted to further
explore differences in body composition, adipose tissue distribution, and the impact of these
differences on the health and function of adults with MS.
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Fig. 1.

Score | Description
1.0 No disability, minimal signs in one FS
1.5 No disability, minimal signs in more than one FS
2.0 Minimal disability in one FS
2.5 Mild disability in one FS or minimal disability in two FS
3.0 Moderate disability in one FS, or mild disability in three or four FS. No impairment to walking
35 Moderate disability in one FS and more than minimal disability in several others. No
. impairment to walking
4.0 Significant disability but self-sufficient and up and about some 12 hours a day. Able to walk
" without aid or rest for 500m
Significant disability but up and about much of the day, able to work a full day, may
4.5 otherwise have some limitation of full activity or require minimal assistance. Able to walk
without aid or rest for 300m
5.0 Disability severe enough to impair full daily activities and ability to work a full day without
| specal provisions. Able to walk without aid or restfor200m
55 Disability severe enough to preclude full daily activities. Able to walk without aid or rest for
) 100m
6.0 Requires a walking aid - cane, crutch, etc - to walk about 100m with or without resting
6.5 Requires two walking aids - pair of canes, crutches, etc - to walk about 20m without resting
Unable to walk beyond approximately 5m even with aid. Essentially restricted to wheelchair;
7.0 though wheels self in standard wheelchair and transfers alone. Up and about in wheelchair
& some 12 hours a day
Unable to take more than a few steps. Restricted to wheelchair and may need aid in
7.5 transfering. Can wheel self but can not carry on in standard wheelchair for a full day and
may require a motorised wheelchair
8.0 Essentially restricted to bed or chair or pushed in wheelchair. May be out of bed itself much
3 of the day. Retains many self-care functi Generally has effective use of arms
8.5 Essentially restricted to bed much of day. Has some effective use of arms retains some self
2 care functions
9.0 Confined to bed. Can still communicate and eat
9.5 Confined to bed and totally dependent. Unable to cc icate effectively or eat/swallow
100 | DeathduetoMS

Expanded disability status scale (EDSS) scoring.

Source: Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded

disability status scale (EDSS). Neurology 1983; 33(11):1444-1452.
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Table 1
Participant characteristics separated by sex.
Males Females
(n =20) (n=82)
MS Control MS Control
(n=10) (n=10) (n=41) (n=41)
Age, yrs. 488+10.2 420142 465%9.0 50.59+9.8
Height, cm 176.2+8.8 1799+38 1669+6.6 163.3+7.4
Weight, kg 738+114 76576 73.0+16.5 69.3+13.6
BMI, kg/m? 23.6+25 23726 26.1+5.2 26.1+5.2
EDSS, median (range) 4(15-65) NA 35(0-6.5) NA
PDDS, median (range) 2.5 (0-5) NA 2.00 (0-6) NA
MS Type, %
Relapsing 70.0 NA 80.5 NA
Progressive 30.0 NA 19.5 NA
Disease Duration, yrs. 9.8+59 NA 127+£80 NA
Walking Impairment, %
No 50.0 NA 59.0 NA
Yes 50.0 NA 41.0 NA

Note: Data reported as mean + SD, median (range) or %. MS, multiple sclerosis: EDSS, expanded disability status scale; PDDS, patient

determined disease step; BMI, body mass index.
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