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COMORBIDITY IN MS

Individual and Co-occurring
SNAP Risk Factors
Smoking, Nutrition, Alcohol Consumption,
and Physical Activity in People with Multiple Sclerosis
Background: Smoking, poor nutrition, excess alcohol consumption, and insufficient physical activity underlie most preventable causes of morbidity in the general population and may be associated with
comorbidities and health outcomes in multiple sclerosis (MS). However, the frequency of co-occurrence of
these risk factors in people with MS remains unclear.
Methods: Sixty-nine individuals with MS completed self-report measures of smoking status, nutrition,
alcohol use, physical activity levels, and sociodemographic and clinical characteristics. The data were analyzed using t tests and χ2 analyses.
Results: Poor diet was the most common risk factor, with 85.5% of the sample not meeting dietary guidelines. Of participants with two risk factors, 90.3% were not meeting dietary and physical activity guidelines. Seventy-three percent of women were not meeting physical activity guidelines, compared with 38%
of men (χ2 = 7.5, P < .01). There were also differential rates by sex of the most commonly co-occurring risk
factors: 65% of women reported the co-occurrence of insufficient physical activity and poor diet, compared
with 38% of men (χ2 = 4.2, P = .05).
Conclusions: These results indicate that 85.5% of the sample was not meeting nutrition guidelines, 90.3%
of participants with two risk factors reported the co-occurrence of poor diet and insufficient levels of physical activity, and physical activity levels and the total number of risk factors varied across sex. Int J MS
Care. 2016;18:298–304.

M

ultiple sclerosis (MS) is a chronic, immunemediated disease of the central nervous system with a prevalence of 1 per 1000 people
in the United States.1 The disease presents with a range
and severity of symptoms, including loss of walking
mobility, cognitive dysfunction, fatigue, and depresFrom the Department of Kinesiology and Community Health (JMB,
IE, EAH, NK, RWM) and Division of Nutritional Sciences (NK),
University of Illinois at Urbana-Champaign, Urbana, IL, USA;
Department of Family and Consumer Sciences, Illinois State University, Bloomington, IL, USA (JLB); and Department of Physical
Therapy, University of Alabama at Birmingham, Birmingham, AL,
USA (RWM). Correspondence: Robert W. Motl, PhD, Department
of Physical Therapy, University of Alabama at Birmingham, School
of Health Professions 336, Birmingham, AL 35294; e-mail: robmotl@uab.edu.
DOI: 10.7224/1537-2073.2016-040
© 2016 Consortium of Multiple Sclerosis Centers.

sion. There is additional evidence for the occurrence of
comorbidities (eg, hypertension, hyperlipidemia, and
chronic lung disease) in people with MS, and comorbidities seemingly result in diagnostic delays and disability progression.2 Smoking, poor nutrition, excess alcohol
consumption, and insufficient physical activity, known
as the SNAP risk factors, underlie most preventable
causes of morbidity in the general population.3 However, the frequency of co-occurrence of SNAP risk factors
in people with MS remains unclear.
The four aforementioned and often co-occurring
SNAP risk factors have been a consistent focus of health
behavior research in adults from the general population.4,5 One systematic review examined the patterns of
co-occurring SNAP risk factors in adults from the general population in 56 studies that included two or more
SNAP risk factors.3 Common patterns of risk factor cooccurrence included a “healthy” group that reported no
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SNAP Risk Factors in MS

sumption, and insufficient physical activity levels) in
individuals with MS. The study of co-occurring health
behaviors in a population is a way to assess groups whose
lifestyles put them at greater risk for future illness and
to inform the design of tailored interventions.13 Consequently, there is increasing interest in studying the
individual and co-occurrence of SNAP risk factors in
people with MS.12 Accordingly, this study examined 1)
the occurrence of individual SNAP risk factors in people
with MS, 2) the prevalence and patterns of co-occurring
SNAP risk factors, and 3) individual and co-occurring
SNAP risk factor variations across sociodemographic and
clinical characteristics. Such inquiry could inform future
research targeting multiple health behaviors and holistic
health interventions in MS.

Methods
Participants
Recruitment included advertising through the
National Multiple Sclerosis Society Local Research
Studies webpage, posting on the Exercise Neuroscience
Research Laboratory Facebook page, and contacting
individuals in our laboratory database. The advertisement described a study on multiple risk factors in MS.
The inclusion criteria were 1) age 18 to 64 years, 2)
relapse free in the past 30 days, 3) ambulatory with or
without assistance, and 4) not pregnant (pregnancy can
affect health behaviors). Of the 92 individuals with MS
who underwent screening, 8 were disqualified, 14 were
qualified but declined to participate before testing due to
scheduling issues, and 70 met the inclusion criteria and
were scheduled for testing. One participant declined to
provide self-report information, resulting in a final convenience sample of 69 individuals with MS.

Measures and Definitions of Risk Factors
Smoking status was assessed using the Centers for
Disease Control and Prevention’s Tobacco Use Questionnaire.14 Participants were asked, “Have you smoked
at least 100 cigarettes in your entire lifetime?” and, if yes,
“Do you now smoke cigarettes every day, some days, or
not at all?” Participants were then categorized as smokers
if they currently smoked every day or some days and as
nonsmokers if they have never smoked 100 cigarettes or
no longer did. Smoking was considered a risk factor.
Inadequate fruit/vegetable and whole grain consumption was used as an index of poor nutrition. Participants
completed a 3-day food record for 2 weekdays and 1
weekend day. Participants were instructed to record all
foods and beverages consumed. On completion of the
food record, a registered dietitian reviewed each meal
with participants to ensure that portion sizes, use of con-
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risk factors; this occurred in more than 80% of the 56
studies. There was a group reporting all four risk factors,
and this occurred in 50% of the 56 studies. Approximately 45% of the studies reported poor diet co-occurring with low levels of physical activity. The presence of
co-occurring SNAP risk factors was most common in
men and those with lower levels of education and was
also prevalent in those with lower socioeconomic status
and younger age.
There has been some focus on SNAP risk factors in
people with MS, but these often have been examined
individually across separate research studies. These studies yield information about the individual SNAP risk
factors but not a pattern of co-occurring SNAP risk factors. For example, cross-sectional studies have reported
that 13% to 40% of people with MS screened positive
for possible alcohol abuse or dependence.6-8 One study
examined smoking rates in 350 individuals with MS and
reported current smoking in 15.2%.9 Participants who
were current smokers reported heavier smoking (20–30
cigarettes daily) and smoking for 10 years or longer.
Regarding nutritional behaviors, one cross-sectional
analysis of people with MS reported that less than half
of the participants (47.5%) engaged in healthy nutritional behaviors.10 Participants consumed less than the
recommended levels of carbohydrates, fiber, vitamin E,
calcium, and zinc but greater amounts of saturated fat,
protein, vitamins A and C, folic acid, and iron. However, the authors did not conduct food-level analyses. One
recent examination of physical activity rates in people
with MS reported that 58% of those with MS engaged
in insufficient levels of physical activity.11
In one study that reported on multiple SNAP risk
factors in the same sample of people with MS, of 8983
participants, 17.3% self-identified as current smokers,
18.2% were at risk for alcohol abuse or dependence,
and less than 25% reported regular participation in
moderate or heavy leisure-time physical activity.12
Lower socioeconomic status correlated with a higher
frequency of adverse health behaviors. Participants with
lower educational and income levels were more likely to
smoke. Women, participants older than 50 years, and
those with lower levels of income had a lower risk of
excess alcohol consumption. Lower levels of education
and higher levels of disability were associated with less
vigorous physical activity. That study did not include
nutrition and did not provide descriptive data on the
patterns, distribution, and correlates of co-occurring
SNAP risk factors.
To date, we are unaware of research that has formally
examined the individual and co-occurring SNAP risk
factors (ie, smoking, poor nutrition, excess alcohol con-
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diments, additional ingredients, and so on were recorded
accurately. Inadequate fruit/vegetable consumption was
defined as not meeting the fruit and vegetable guidelines
outlined by the US Department of Agriculture and
MyPlate.gov.15
Recommendations are specific to age and sex. For
example, women aged 31 to 50 years should aim for a
minimum of 2.5 cups of vegetables and 1.5 cups of fruit
per day; men aged 31 to 50 years should aim for a minimum of 3 cups of vegetables and 2 cups of fruit per day.
Inadequate whole grain consumption was defined as not
meeting the whole grain recommendation outlined by
the US Department of Agriculture and MyPlate.gov (eg,
half or more of all grains should be whole).16 Not meeting the guidelines for fruit/vegetable and whole grain
intake was considered a risk factor. The Nutrition Data
System for Research nutritional analysis software (Nutrition Coordinating Center, Minneapolis, MN) was used
to analyze dietary intake.
Excess alcohol consumption was also assessed using
the 3-day food record. A score of 2 or more standard
drinks per day for men and 1 or more standard drinks
per day for women exceeds health recommendations.
Participants were categorized as meeting the guidelines or not; exceeding the guidelines was considered
a risk factor.15 Physical activity levels were assessed
using the Godin Leisure-Time Exercise Questionnaire
(GLTEQ).17 The GLTEQ includes three items that
measure the frequency of mild, moderate, and strenuous
physical activities that occur for at least 15 minutes during a person’s leisure time. The frequencies of vigorous
and moderate activities were multiplied by 9 and 5 metabolic equivalents, respectively, and then were summed
as a health contribution score.18 Participants accumulating 24 units or more were classified as active and meeting the guidelines, and those accumulating 23 units or
less were considered insufficiently active and not meeting the guidelines; not meeting the guidelines was considered a risk factor. The cutoff score for the GLTEQ
was defined so that it aligns with the recommendations
for physical activity formulated by the Surgeon General of the United States. The cutoff score of 24 for the
GLTEQ also accounts for weekly frequency and energy
expenditure according to the American College of Sports
Medicine physical activity guidelines.19 These guidelines
seemingly correspond with rates of physical activity in
MS classified based on accelerometry and have been validated in healthy adults.11,18,19

pants underwent a neurologic evaluation by a Neurostatus-certified examiner for generation of an Expanded
Disability Status Scale score, had their height and weight
measured, and then completed self-report measures of
smoking status, diet, alcohol use, physical activity levels,
and sociodemographic and clinical characteristics. Participants were remunerated for their time.

Procedures

Occurrence of Individual SNAP Risk Factors

This study was approved by the University of Illinois
at Urbana-Champaign institutional review board, and
participants provided written informed consent. Partici-

Poor diet was the most common SNAP risk factor,
with 85.5% of the sample not meeting dietary guidelines
for fruit/vegetable (95.7%) and whole grain (87.0%)

Statistical Analyses

Results
Sociodemographic and Clinical Characteristics
The 69 participants were primarily female (69.6%),
white (94.2%), and married (59.4%) (Table 1). Nearly
half of the participants were employed (49.3%), 85.5%
had some college education, and 68.1% had an annual
household income of $40,000 or more. The mean (SD)
age was 50.5 (8.9) years. The mean (SD) body-mass
index (BMI; calculated as weight in kilograms divided
by height in meters squared) was 28.7 (6.6). Participants
primarily had relapsing-remitting MS (84.1%), mild-tomoderate disability (median [IQR] Expanded Disability
Status Scale score, 4.0 [2.0]), and a mean (SD) disease
duration of 14.4 (10.5) years.
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Statistical analyses were performed using IBM SPSS
Statistics for Windows (version 22; IBM Corp, Armonk,
NY). Characteristics of the sample are presented as frequencies and percentages, unless otherwise noted. We
present the percentage of participants reporting each
individual SNAP risk factor for the sample, the percentage of the population with multiple SNAP risk factors
(ie, the occurrence of SNAP risk factors summed per
participant), and the SNAP risk factor distribution (ie,
the percentage of the population not meeting guidelines across all possible patterns of SNAP risk factors).
We compared the distribution of individual SNAP risk
factors between sociodemographic and clinical factors
using χ2 analysis. We report the median (interquartile
range [IQR]) values of SNAP risk factors for important
sociodemographic and clinical factors. In addition, we
examined variations in the total number of risk factors
(summed total number of SNAP risk factors) between
clinical and demographic characteristics using nonparametric t tests. The magnitude of the z statistics was
interpreted as small, medium, and large based on values
of 0.1, 0.3, and 0.5, respectively.20 Exploratory analyses
of the most commonly co-occurring risk factors were
performed using χ2 analysis.

SNAP Risk Factors in MS
Table 1. Sociodemographic and clinical
characteristics of 69 individuals with multiple
sclerosis
Value

Female sex, %
Age, mean (SD), y
White race, %
BMI, kg/m2, mean (SD)
Marital status, % married
Employed, %
Some college education, %
Annual household income ≥$40,000, %
EDSS score, median (IQR)
RRMS disease course, %
Disease duration, mean (SD), y

69.6
50.5 (8.9)
94.2
28.7 (6.6)
59.4
49.3
85.5
68.1
4.0 (2.0)
84.1
14.4 (10.5)

Abbreviations: BMI, body-mass index; EDSS, Expanded Disability
Status Scale; IQR, interquartile range; RRMS, relapsing-remitting
multiple sclerosis.

consumption (Table 2). Insufficient physical activity was
the second most prevalent SNAP risk factor, with 62.3%
of the sample not meeting physical activity guidelines for
moderate-vigorous physical activity.

Co-occurring SNAP Risk Factors
As displayed in Table 3, 34.8% of the sample had
one SNAP risk factor and 59.4% had two or three cooccurring risk factors. Only 5.7% of the participants had
zero or four SNAP risk factors. Table 3 further presents
all possible patterns of individual and co-occurring
SNAP risk factors. The median number of SNAP risk
factors reported was two (IQR = 1). Of participants with
one SNAP risk factor, 70.8% were not meeting dietary
guidelines for fruit/vegetable and whole grain consumption. Of participants with two SNAP risk factors,
90.3% were not meeting dietary and physical activity
guidelines. Smoking occurred only in participants who
reported insufficient levels of physical activity and/or
poor diet (91% of participants reporting three or more
SNAP risk factors).

Variation in Individual and Total Number of
SNAP Risk Factors

Results of the χ2 analyses are reported in Table 4.
Analyses of individual risk factors between sociodemoTable 2. Occurrence of individual SNAP risk
factors in 69 individuals with multiple sclerosis
Risk factor
Smoking
Poor diet
Excess alcohol consumption
Insufficient physical activity

Prevalence, %
15.9
85.5
10.1
62.3

Abbreviation: SNAP, smoking, poor nutrition, excess alcohol consumption, and insufficient physical activity.

Discussion
The present study involved a novel investigation of
the individual and co-occurrence of SNAP risk factors
and the variations across clinical and sociodemographic
characteristics in people with MS. Overall, the results
indicated that 1) an overwhelming 85.5% of the sample
was not meeting nutrition guidelines independent of
other SNAP risk factors, 2) 90.3% of participants with
two risk factors reported the co-occurrence of poor diet
and insufficient levels of physical activity, and 3) physical activity levels and the total number of SNAP risk
factors varied by sex. These findings collectively suggest
that people with MS do, indeed, report the individual
and co-occurrence of SNAP risk factors and that poor
diet and insufficient levels of physical activity are the
most commonly reported co-occurring SNAP risk factors in this population. This study also indicates that

International Journal of MS Care
301

Downloaded from http://meridian.allenpress.com/ijmsc/article-pdf/18/6/298/2092207/1537-2073_2016-040.pdf by guest on 26 November 2020

Characteristic

graphic and clinical characteristics revealed differential
rates of meeting physical activity guidelines between men
and women (χ2 = 7.5, P < .01), with 73% of women not
meeting physical activity guidelines, compared with 38%
of men. Rates of meeting dietary guidelines varied by
employment status, with 94% of employed individuals
not meeting dietary guidelines, compared with 77% of
unemployed individuals. Rates of meeting physical activity guidelines varied by BMI (χ2 = 4.9, P < .05), with
70% of overweight and obese individuals not meeting
physical activity guidelines, compared with 42% of individuals with a healthy weight. Smoking status was differential across household income (χ2 = 6.4, P < .05), with
33% of individuals earning less than $40,000 per year
having this risk factor, compared with 8% of individuals
earning $40,000 or more per year. Nonparametric t-test
analyses assessing the variation of the total number of
risk factors between sociodemographic and clinical characteristics revealed a significant difference between men
and women (z = 2.94, P < .001), with women reporting
a higher total number of risk factors (Table 5). No other
sociodemographic or clinical characteristics were statistically significantly different.
Exploratory χ2 analyses assessing the variation of the
co-occurrence of insufficient physical activity and poor
diet—the most common pair of co-occurring SNAP risk
factors—revealed a differential relationship between the
sexes (χ2 = 4.2, P < .05), with 65% of women reporting
the co-occurrence of insufficient physical activity and
poor diet, compared with 38% of men. The co-occurrence of physical activity and poor diet also varied across
BMI (χ2 = 4.1, P < .05), with 65% of overweight and
obese individuals reporting the co-occurrence, compared
with 38% of individuals with a healthy weight.

Balto et al.
Table 3. Prevalence and patterns of co-occurring SNAP risk factors
Risk factor
No. of risk factors prevalence, %

Poor diet

Excess alcohol
consumption

Insufficient
physical activity

Pattern
prevalence, %

4.3

No

No

No

No

100.0

34.8

Yes
No
No
No

No
Yes
No
No

No
No
Yes
No

No
No
No
Yes

0.0
70.8
12.5
16.7

44.9

Yes
Yes
Yes
No
No
No

Yes
No
No
Yes
Yes
No

No
Yes
No
Yes
No
Yes

No
No
Yes
No
Yes
Yes

3.2
0.0
0.0
6.5
90.3
0.0

3
3
3
3

14.5

No
Yes
Yes
Yes

Yes
No
Yes
Yes

Yes
Yes
No
Yes

Yes
Yes
Yes
No

10.0
0.0
90.0
0.0

4

1.4

Yes

Yes

Yes

Yes

100.0

0
1
1
1
1
2
2
2
2
2
2

Abbreviation: SNAP, smoking, poor nutrition, excess alcohol consumption, and insufficient physical activity.

MS subpopulations, specifically women, are more susceptible to the individual and co-occurrence of SNAP
risk factors. Future research is needed to investigate the
consequences of the individual and co-occurring SNAP
risk factors as well as to reduce SNAP risk factors in MS
through multiple health behavior change interventions.
Table 4. Variation in individual SNAP risk
factors by clinical and sociodemographic
factors
SNAP risk factors (χ2)

Factor
Sex
Age
Race
BMI
Marital status
Employed
Education
Annual household
income
Disability (EDSS
score)
Disease course
(RRMS)
Disease duration

Excess
Insufficient
Poor
alcohol
physical
Smoking diet consumption activity
2.8
0.5
0.3
0.9
2.9
0.9
0.1
6.4b

0.5
0.0
0.7
0.0
0.4
4.0b
0.2
2.6

1.0
4.2
1.0
2.6
0.0
1.5
0.0
1.1

7.5a
3.4
0.3
4.9b
0.5
0.4
0.0
0.7

0.9

0.5

4.1

0.4

1.3

0.3

0.0

0.3

0.7

2.6

0.6

0.4

Abbreviations: BMI, body-mass index; EDSS, Expanded Disability
Status Scale; RRMS, relapsing-remitting multiple sclerosis; SNAP,
smoking, poor nutrition, excess alcohol consumption, and insufficient physical activity.
a
Significant at P < .01 (2-tailed).
b
Significant at P < .05 (2-tailed).

Poor diet was the most commonly reported SNAP
risk factor, with 85.5% of the sample not meeting
dietary guidelines for fruit/vegetable and whole grain
consumption. The nutritional habits of people with
MS have not been well studied; however, this study
suggests that individuals with MS have nutritional habits comparable to or worse than those of the general
population.21 A recent Centers for Disease Control and
Prevention report estimated that only 13.1% of healthy
adults in the United States are meeting fruit intake recommendations and 8.9% are meeting vegetable intake
recommendations.22 A diet rich in fruits and vegetables
may help reduce the risk of heart disease, certain types
of cancer, obesity, and type 2 diabetes.16 A recent study
reported that less than 1% of healthy adults met whole
grain recommendations in 2011-2012.23 The regular
consumption of whole grains as a means of obtaining
adequate dietary fiber has been associated with improved
cardiovascular health, glycemic control, and weight
management.24 Improved nutritional behaviors should
be considered as a focus for effectively managing overall
health and comorbidities in people with MS. Indeed,
one study examining the correlates of nutritional behavior in individuals with MS reported that nutritional selfefficacy (β = 0.69, P < .001) was the strongest predictor
of nutritional behaviors. These data support the development of future interventions to improve health behaviors
in people with MS.
More than half the sample (60.9%) reported two
or more co-occurring SNAP risk factors. Importantly,
90.3% of participants reported the co-occurrence of
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Smoking

SNAP Risk Factors in MS
Table 5. Variation in total number of
co-occurring SNAP risk factors by clinical and
sociodemographic characteristics
Characteristic

Patients, Median
z
P
Cliff’s
No.
(IQR) statistic value
d
<.001 0.42

48
21

2 (1)
1 (1)

2.94

25
44

2 (1)
2 (1)

0.38

.70

0.05

65
4

2 (1)
2 (1)

1.45

.19

0.40

21
48

1 (1)
2 (1)

1.60

.11

0.23

41
28

2 (1)
2 (1)

0.06

.95

0.01

34
35

2 (1)
2 (1)

0.38

.70

0.05

10
59

2 (2)
2 (1)

0.33

.74

0.06

22
47

2 (2)
2 (1)

1.65

.10

0.02

34

2 (1)

0.68

.49

0.09

35

2 (1)

58
11

2 (1)
2 (2)

0.46

.65

0.08

30
39

2 (0)
2 (1)

1.86

.06

0.24

PracticePoints

Abbreviations: BMI, body-mass index; IQR, interquartile range;
MS, multiple sclerosis; RRMS, relapsing-remitting multiple sclerosis;
SNAP, smoking, poor nutrition, excess alcohol consumption, and
insufficient physical activity.
Note: Boldface type indicates statistical significance.

poor diet and insufficient levels of physical activity.
Moreover, exploratory analyses suggested variance of
the co-occurrence of these two risk factors across sex and
BMI. This co-occurrence is similar to the clustering of
“energy balance behaviors of physical activity and diet”
seen in the general population.4 Future investigations of
co-occurring SNAP risk factors should specifically examine the co-occurrence and correlates and consequences of
insufficient physical activity and poor diet to inform the

• The great majority of the sample of people with
MS were not meeting nutrition guidelines for
fruit/vegetable and whole grain consumption.
• More than half of the sample reported two or
more co-occurring risk factors; 90.3% of participants with two risk factors reported the cooccurrence of poor diet and insufficient levels of
physical activity.
• More women than men reported not meeting
physical activity guidelines and the co-occurrence of poor diet and insufficient levels of physical activity.
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Sex
  Female
  Male
Age
  <50 y
  ≥50 y
Race
  White
  Other
BMI
  Normal weight
  Overweight or
  obese
Marital status
  Married
  Not married
Employment status
  Employed
  Unemployed
Education
  No college
  Some college
Annual household
income
  <$40,000
  ≥$40,000
Disability
  No walking
  disability
  Walking disability
Disease course
  RRMS
  Progressive MS
Disease duration
  <10 y
  ≥10 y

design of multiple health behavior change interventions
in MS. There is evidence that the two behaviors may
predict one another, further suggesting that targeting the
co-occurring risk factors in a multiple health behavior
change intervention could be more effective than targeting the risk factors separately.25
Smoking was reported by 15.9% of participants. This
is comparable with previous investigations of smoking in
people with MS wherein 15.2% of participants reported
smoking.9 Excess alcohol consumption was reported by
10.1% of the sample, which is lower than the 13% to
40% of participants who screened positive for possible
alcohol abuse or dependence in other investigations.6-8
The two risk factors did not often co-occur (only the
1.4% of the sample reporting all four SNAP risk factors reported smoking and excess alcohol consumption
together). This low co-occurrence is different from examinations of co-occurring risk factors in the general population that have reported a clustering of addictive behaviors,
such as smoking and excess alcohol consumption.4 It
is possible that underreporting from study participants
resulted in lower reported rates of smoking and alcohol
consumption; perhaps persons with disabling conditions
are more prone to underreporting smoking and alcohol
consumption than the general population. It is also possible that sampling bias leading to underrepresentation
of individuals with addictive behaviors resulted in lower
reported rates. This might have been associated with
advertising the study as an examination of multiple risk
factors in MS, not smoking or alcohol consumption specifically. Future investigations are needed to understand
the nature of smoking and alcohol consumption in people with MS and the possible relationship with co-occurring insufficient physical activity levels and poor diet.
Physical activity levels and the total number of SNAP
risk factors varied by sex. Women reported a higher
number of SNAP risk factors and were less physically

Balto et al.
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active than men. This finding is important because it
identifies a subpopulation of people with MS (women)
who are more susceptible to co-occurring SNAP risk
factors. Moreover, we know that MS affects thrice as
many women as men. This finding confirms the need
for more investigations of the co-occurrence of SNAP
risk factors, particularly in women with MS. Note that
there is evidence of sex differences in social desirability in
self-report measures; women are more likely to respond
to self-report measures in a socially desirable manner.26,27
Therefore, it is possible that the variation across sex
observed in the present study may be underestimated
because women could be underreporting overall SNAP
risk factors and overreporting more physical activity participation to comply with social norms. We do note that
the GLTEQ as a measure of physical activity is fairly
robust against social desirability.28
There are important limitations of the present study.
The sample of individuals with MS was relatively
homogeneous, consisting of primarily white and female
patients. The sample included mostly participants
with relapsing-remitting MS and was characterized by
moderate disability. Therefore, these results may not be
generalizable to those with other types of MS, those with
more severe disability status, or men. In addition, this
study included self-report measures, which are subject
to recall and social desirability reporting biases. This
exploratory study had a relatively small sample, and
future research should examine SNAP risk factors in a
larger, heterogeneous sample of individuals with MS,
particularly in those with higher disability levels and progressive forms of the disease.
The present study provides preliminary evidence of
the individual and co-occurrence of SNAP risk factors
in MS. This evidence suggests that people with MS are
far from meeting physical activity and diet guidelines for
health benefits and that women are particularly susceptible. Such evidence supports additional examinations of
the correlates of and interventions for individual and cooccurring SNAP risk factors, specifically diet and physical activity levels, in people with MS. o

