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Background: Health behaviors in persons with multiple sclerosis (pwMS) have been associated with MS-related disease outcomes.

Objective: The aim of the study was to gain knowledge about current patient health behaviors in a convenience sample representative for pwMS presenting to a large university-based outpatient clinic and to investigate associations between modifiable risk factors with physical impairment, quality of life (QoL) and cardiovascular comorbidities.

Methods: A questionnaire was administered at the MS Outpatient Clinic of the University Medical Center Hamburg Eppendorf asking for health behaviors regarding dietary habits assessed with the German adaptation of the validated Spanish short Diet Quality Screener (sDQS), level of physical activity assessed with the Godin Leisure Time Questionnaire (GLTEQ) and tobacco smoking. Participants were asked to report cardiovascular comorbidities using items from the Self-Report Comorbidity Questionnaire for Multiple Sclerosis. Additionally, cardiovascular risk factors like blood pressure, height and weight (to calculate BMI) and waist circumference were measured. MS specific clinical data, e.g., disease course, duration, disability and MS-specific QoL were collected from the clinical database. Descriptive analyses were performed and multivariate regression analyses for complete cases were carried out for each of the three outcome variables including all mentioned modifiable risk factors (dietary behavior, smoking, physical activity and BMI) as independent variables.

Results: In this sample of 399 pwMS the mean age was 42 years (SD 12.8) with a mean disease duration since diagnosis of 7.4 years (SD 8.4) and a mean EDSS of 2.8 (SD 1.9). 24% were current smokers, 44% were insufficiently physically active and 54% did not follow a healthy dietary pattern. 49% of this relatively young clinical population was overweight and 27% reported one or more cardiovascular comorbidities. Most modifiable risk factors showed no convincing associations with MS-related disease outcomes in the multiple regression analyses.

Conclusion: This clinical cohort of pwMS shows a high prevalence of critical health behaviors and comorbidities and emphasizes the need for monitoring, education and assistance for behavior change in this population.
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1. Introduction

Multiple sclerosis (MS) is an inflammatory and degenerative disease of the central nervous system (CNS). The worldwide incidence increased over the last decades (1). In Germany approximately 240,000 people are living with MS (2). Many experience impairments in vision, mobility, cognitive function and bladder control (3) and suffer from symptoms like pain, spasticity, fatigue and comorbid depression (4), which substantially impact on quality of life in persons with multiple sclerosis (pwMS).

The risk of being affected with MS is multifactorial and can partly be explained by genetic predisposition coupled with a variety of health behaviors and environmental factors, e.g., latitude and corresponding low Vitamin D levels (5). Additionally, a historical Epstein–Barr virus infection enhances the risk of developing MS, indicating a pathogenetic role of viral antigen immune system interaction (6). Environmental exposures and modifiable risk factors, such as diet, smoking, physical activity and obesity have been linked to epigenetic changes that may contribute to MS development and progression (7).

As one modifiable risk factor, dietary habits have been associated with progression and symptom severity in pwMS. A lower dietary quality such as a high intake of saturated fats, processed foods, red meat or low intake of fruits and vegetables, has been associated with a higher disability level and more severe depression symptoms (8–11). Cross-sectional studies using data from the Australian MS Longitudinal Study (AMSLS) (12) and from the UK Multiple Sclerosis Registry (9), found that high fiber and fruit/vegetable consumption was associated with better health outcomes, especially a better health-related QoL in pwMS (9, 11, 12). Moreover, in a large cross-sectional study with patients of the North American Research Committee on MS (NARCOMS) registry, a healthy diet was associated with reduced symptom severity and disability (8). Immune modulation, neuroprotection and nervous system repair may be the explanatory mechanisms that can be achieved through a healthy diet (10). There is also emerging evidence that the gastrointestinal microbiota may play a role in mediating the influence of diet on MS pathogenesis (13). Due to the heterogenous research field in terms of content and methodology concerning diets, nutrients and supplements, high quality studies are still lacking. As there is an increasing interest among pwMS to modulate their disease progression through behavior change, randomized controlled trials (RCTs) need to be conducted to be able to give pwMS evidence based recommendations.

Cigarette smoke contains numerous harmful components, such as free radicals and toxins, which can directly damage the cells of the CNS and exacerbate oxidative stress (14). Smoking increases the risk of developing MS (15) and is associated with a lower QoL and higher impairment (16). Although smoking cessation has significant benefits for pwMS (17), no programs have been evaluated in MS populations.

Physical activity including (high intensity) exercise is known to be another potential modifiable factor influencing MS progression. Research has shown that physical activity is associated with improved clinical outcomes in pwMS such as higher QoL and reduced impairment (18) and therefore physical activity guidelines for pwMS are available (19). Exercise may modulate anti-inflammatory effects and could enhance immune regulation, but detailed pathophysiology remains uncertain due to the complexity of influences (20).

Another modifiable risk factor that has gained considerable attention is obesity and its associated metabolic dysregulation. A recent study has demonstrated an increased risk of developing MS and a more severe disease course in obese individuals (21). Adipose tissue is known to produce pro-inflammatory cytokines and adipokines, which can contribute to chronic systemic inflammation (22). Research on detailed pathophysiology of the link between obesity and MS is in progress.

Moreover, there is evidence from registry studies that comorbidities impact negatively on disease progression, cognition, mortality, and health-related QoL (23–25). Especially vascular comorbidities like hypertension, diabetes, heart disease and hypercholesterolemia were associated with a substantially increased risk of disability progression in a large sample of the NARCOMS registry (26) and in a Belgrade MS population Registry cohort (23). Health behaviors such as physical activity, dietary pattern, tobacco smoking and Body Mass Index (BMI) are known to be associated with cardiovascular risk factors and vascular comorbidities (25).

These numerous modifiable risk factors might also partly be responsible for the highly variable disease activity and progression in MS (27, 28). Although Disease Modifying Treatments (DMTs) are able to reduce inflammation and the accumulation of lesions on Magnetic Resonance Imaging, the effect on disability progression is only moderate (29). Hence, rehabilitation and secondary prevention remain important strategies for managing symptoms and dysfunction (30, 31).

Despite these observations there is evidence from international studies that the prevalence of suboptimal health behaviors and overweight/obesity is high among pwMS (12, 32, 33). To date, little is known about health behaviors of pwMS in Germany. The aim of the present study was to describe health behaviors of a German clinical cohort of pwMS in a large university-based outpatient clinic and to explore if diet, tobacco smoking, physical activity and BMI are associated with physical impairment, quality of life and cardiovascular comorbidities.



2. Materials and methods


2.1. Participants and recruitment

Data were collected from a consecutive convenience sample of n = 427 pwMS treated at the MS Outpatient Clinic of the University Medical Center Hamburg Eppendorf (UKE) from August 2020 to June 2021. For logistical reasons, only patients who had an appointment at the MS Outpatient Clinic on single days of each week could be recruited. Participants were eligible for the study if they had a definite MS diagnosis according to the 2017 McDonald criteria (34). After excluding 28 participants who did not meet these criteria, n = 399 patients with a confirmed MS diagnosis were included in the study. In order to evaluate the representativeness of the sample we used demographic data (age, sex and school education) and level of impairment [MS-specific Expanded Disability Status Scale (EDSS)] of all pwMS who presented to the MS Outpatient Clinic from August 2020 to June 2021 (n = 894) to compare the study population (n = 399) with the patient group not included in the study (n = 495). The questionnaire was administered to patients, who got either a control examination at the Outpatient Clinic or visited it for initial presentation. In both cases, MS specific measurements such as EDSS, Hamburg Quality of Life Questionnaire in Multiple Sclerosis (HAQUAMS), 9-Hole Peg Test (9-HPT) and Timed 25-Foot Walk Test (T25-FW) were always assessed in parallel to filling-out the questionnaire. Demographic data as well as the date of onset of MS to calculate the disease duration were used from the clinical database. Information about school education is routinely queried at the initial presentation at the Outpatient Clinic and categorized as school attendance of less or more than 12 years. This study was carried out as part of the Hamburg MS registry project evaluated by the Ethics Committee of the Hamburg Chamber of Physicians. Informed consent was signed by each participating patient.



2.2. Measurements and scales

Data for this study were obtained from three sources: Clinical measurements, self-report questionnaires and the clinical database of the MS Outpatient Clinic.


2.2.1. Clinical measurements


2.2.1.1. Blood pressure

Blood pressure was assessed according to the ESC/ESH guidelines (35) using digital, automated upper arm monitors. If the systolic blood pressure was above 140 mmHg and/or diastolic blood pressure above 90 mmHg, the measurement was repeated after the patient rested for 5 min.



2.2.1.2. Body Mass Index

Participants were weighed by clinical staff (without shoes and with light clothing) and their height was measured. The BMI is defined as a person’s weight in kilograms divided by their squared height in meters (kg/m2). Evaluation was based on World Health Organization (WHO) criteria indicating that a BMI below 18.5 means underweight, 18.5–24.9 normal weight, 25–29.9 pre-obesity and above 30 obesity (36).



2.2.1.3. Waist circumference

The waist circumference was measured by clinical staff in a standing position at the midpoint between the lower rib and the top of the hip bone and was assessed according to the WHO criteria (37). Two sex-specific cut-off points in the Caucasian population which indicate increased risk for metabolic complications were applied: (a) males with a waist circumference of ≥94 cm and females ≥80 cm and (b) males ≥102 cm and females ≥88 cm have a substantially increased risk. The waist circumference was rated as “high” when the first cut-off point was exceeded (37).




2.2.2. Questionnaire


2.2.2.1. Short diet quality screener

Dietary assessment was performed with a German adaptation of the validated Spanish short Diet Quality Screener (sDQS) which has been developed in cardiovascular epidemiology (38, 39). While forward and backward translations had been performed before implementation in the actual study, a formal investigation on the construct validity is ongoing. The screener aims to quickly estimate the quality of the dietary pattern. Study participants were asked to report their average consumption of 17 food groups over the last 4 weeks. Daily frequency consumption was assessed for the following food groups: whole grain bread, vegetables, fruits, milk/dairy products and cheese, other whole grain products, plant oil and calorie-free drinks. Weekly consumption frequency was assessed for meat, meat products, pastries/cake, sweets, butter/lard/coconut fat, sweetened beverages, fast food, fish, legumes and nuts (for details see Appendix A1). To calculate the sDQS score all food item scores were added up. The total possible score ranges from 17 to 51. In close consultation with the developer of the sDQS, we calculated tertiles for descriptive purposes: Scores of 40–51 are rated as a “healthy diet,” scores between 28 and 39 as a “moderately healthy diet” and scores between 17 and 27 are rated as an “insufficiently healthy diet.” Continuous scores of the sDQS were used for the regression analyses.



2.2.2.2. Godin leisure time exercise questionnaire

The Godin Leisure Time Exercise Questionnaire (GLTEQ) is a brief and validated questionnaire asking about the frequency of usual leisure-time exercise for more than 15 min (strenuous, moderate, mild) in a typical 7-day week (40). Strenuous activities like jogging correspond to nine Metabolic Equivalents of Task (METs), moderate activities like tennis correspond to five METs and mild activities like yoga correspond to three METs. The total score is computed by summing up the products and ranges from 0 to 119 (40). Based on patient-reported frequency of moderate-to-vigorous physical activity, the Health Contribution Score (HCS) from the GLTEQ was assessed ranging from 0 to 98 (41). According to Godin (41) participants who score 24 units and more are rated as “active” with substantial benefits for health. Persons scoring 14–23 units are rated as “moderately active” with some health benefits and participants who score below 14 units are rated as “insufficiently active” with less or low health benefits (41).



2.2.2.3. Tobacco smoking behavior

Smoking behavior was assessed based on self-report and categorized into “never-smokers” (defined within the questionnaire as those who smoked rarely or have smoked less than 100 cigarettes in their lives), “current smokers” and “ex-smokers.” Current smokers and ex-smokers were asked about their smoking habits in greater detail, but these data have not been used for the current analysis. Questions on smoking behavior were based on common recommendations on smoking behavior survey in epidemiological studies (42).



2.2.2.4. Cardiovascular comorbidities

Cardiovascular comorbidities were assessed based on the Self-Report Comorbidity Questionnaire for Multiple Sclerosis by Horton et al. (43) The validation of this questionnaire in a Canadian population showed that agreement between self-report and medical records was high for diabetes and hypertension, substantial for hyperlipidemia and moderate for heart disease. The authors concluded that self-report was a reasonable way to capture the presence of comorbidities among pwMS (43). Participants were asked if they were diagnosed with one or more of six cardiovascular comorbidities: dyslipidemia, high blood pressure, diabetes type 1 or 2, peripheral vascular disease or a heart disease. The questions included both, lay person terminology and clinical terms. If study participants marked none of them, it was rated as “no comorbidities.”




2.2.3. MS clinical database variables


2.2.3.1. Disease course

One of the following disease courses were documented for all participants in the clinical database: Relapsing-remitting MS (RRMS), primary progressive MS (PPMS), secondary progressive MS (SPMS), “MS type not yet defined” or “other.”



2.2.3.2. Expanded Disability Status Scale

The EDSS quantifies MS disability based on neurological examination performed by neurologists and is a valid measure in clinical practice and research. Reliability remains under critic, because interpretation depends on the examiner. The scale ranges from 0 to 10 and increases in 0.5 steps with higher scores representing higher levels of impairment (44).



2.2.3.3. Hamburg Quality of Life Questionnaire in Multiple Sclerosis

The Hamburg Quality of Life Questionnaire in Multiple Sclerosis (HAQUAMS) is a MS-specific, validated and reliable instrument measuring QoL. Version 10.0 of the HAQUAMS consists of 44 items, mostly using a 5-point Likert scale. Twenty eight of these items are subdivided into six subscales for “upper extremity,” “lower extremity,” “cognition,” “fatigue,” “mood,” and “communication.” Remaining items cover additional symptom domains as well as a patient-rated estimation of disease progression over time and main impairments. Mean subscale scores are calculated, HAQUAMS total score is computed by the means of the six subscale scores with lower scores corresponding to a higher quality of life (45).



2.2.3.4. Physical function

The 9-Hole Peg Test (9-HPT) assesses the manual dexterity and is a quick motor function test of the upper extremity to determine fine motor skills. It is a valid test used routinely in clinical practice and research. Results of measured manual dexterity are reliable to distinguish between pwMS and healthy subjects. The test is performed twice with the dominant hand and twice with the non-dominant hand. The mean value from the four measurements is subsequently calculated and given as mean seconds (46). With the Timed 25-Foot Walk (T25-FW), a walking distance of 25 feet (7.62 meters) is measured in seconds. The T25-FW is known to be a highly reliable and valid tool to capture change in ambulatory disability and is established in clinical settings (47).





2.3. Data analyses


2.3.1. Descriptive analyses

Descriptive analyses were performed for all of the collected and measured data to gain knowledge about the current health behaviors in this clinical pwMS cohort. Categorical variables were summarized as absolute and relative frequencies, and continuous variables were summarized as mean and standard deviation (SD). These results were compared to other published MS cohorts and the general German population using data from the “German Health Update” conducted by the Robert Koch Institute (RKI) in the German adult population (2014/15 and 2020/21) (48).



2.3.2. Regression analyses

Based on current literature regarding health behaviors in pwMS and MS-related disease outcomes we hypothesized that diet, physical activity, tobacco smoking and BMI might be associated with cardiovascular comorbidities, QoL and MS-specific physical impairment. We chose BMI as an independent variable instead of waist circumference as recent studies using this measure showed associations with MS disease outcomes (21, 49). Models were adjusted for sex, age, disease duration and school education as covariates based on clinical and previous research experience. Beyond this, no further variable selection was undertaken. Regression analyses were carried out to explore possible associations using SPSS Version 27. Self-reported diet score (sDQS, continuous), tobacco smoking status (categorial), the physical activity score (GLTEQ, continuous) as well as BMI (continuous) were used as independent variables. No further variable selection was done. Multiple regression analyses were performed with the number of complete cases for each of the three outcome variables (a) physical impairment (T25-FW, 9-HPT), (b) QoL (HAQUAMS total score and subscores mood, fatigue, cognition) and (c) cardiovascular comorbidities. EDSS was not used as an outcome variable for physical impairment as the intervals between values are not equal. This property disqualified the EDSS for inclusion in a linear regression analysis. The first models (a) physical impairment and (b) quality of life were run as linear regression analyses. In addition a binary logistic regression analysis was performed to explore the associations with (c) cardiovascular comorbidities (0 = no comorbidities, 1 = one or more comorbidities). The significance level was set at 5% (two-sided).



2.3.3. Sample size calculation

With a sample size of 381, a small to moderate effect size of f2 = f 0.035 was considered to be detectable by testing five independent variables and controlling for another six variables. The power was set as 80% and the type I error at 5% (two-sided hypothesis). f2 is defined as ρ2/(1-ρ2) where ρ2 is the squared multiple correlation coefficient of the variables being tested. The sample size calculation was conducted with PASS 15.





3. Results


3.1. Descriptive analyses

From August 2020 to June 2021 n = 894 pwMS were treated in the MS Outpatient Clinic of the UKE. Main characteristics such as age, disease duration and disability in the studied cohort (n = 399) did not meaningfully differ from the patient cohort (n = 495) presenting at the clinic, but not included in the study during the same time period (see Table 1). We defined a complete case cohort providing data in all questionnaires with n = 134 cases. All 3 samples were compared. Results showed that the main characteristics such as age, disease duration and disability of complete cases were similar to the studied cohort with some bias of complete cases in favor of younger female pwMS with higher education and less physical impairment (data not shown).



TABLE 1 Comparison of the convenience sample with patients from the MS Day Clinic who were not included in the study during the same period (August 2020–June 2021).
[image: Table1]

Table 2 summarizes the characteristics of the study cohort. Mean age was 42 years (SD 12.8) with a mean disease duration since diagnosis of 7.4 years (SD 8.4). 66% were female and the most frequent disease course was RRMS (52.1%). Physical impairment was low as measured by a mean EDSS of 2.8 (SD 1.9). 50% of pwMS in this study sample were overweight including 19% being obese. The mean BMI was 25.9. A high waist circumference was measured in 53% of female and 40% of male pwMS in this study sample. Mean sDQS score was 38.8 which is indicative of a moderately healthy diet. Daily fruit and vegetable consumption was reported by 63.8% of all participants. This was reported in 65.4% of the female population and 60.7% of the male population. Physical activity measured with the GLTEQ HCS showed that 36.8% could be classified as physically active persons and 19.8% as moderately active. Almost half (43.5%) were characterized as insufficiently active. Looking at the smoking status, 24.4% reported to be current tobacco smokers vs. 75.7% current non-smokers [never-smoker (43.9%), ex-smoker (31.8%)]. The highest percentage of current smokers was in males between 18 and 29 years (47.4%). 27.3% of the sample reported one or more cardiovascular comorbidities.



TABLE 2 Sample description with socio-demographic characteristics, behavioral characteristics, cardiovascular risk factors, cardiovascular comorbidities and MS-specific data.
[image: Table2]



3.2. Associations with physical impairment

The multiple linear regression model testing the association between independent variables and 9-HPT included 206 complete records (Table 3, corrected R2 = 0.18). The four variables sDQS, school education, sex and disease duration were significantly associated with the result of the 9-HPT. With a healthier diet the upper limb impairment was lower (b = −0.30, 95% CI [−0.58, −0.02], p = 0.033) and higher in persons who are longer affected by MS (b = 0.42, 95% CI [0.27, 0.57], p < 0.001) and attended school for less than 12 years (b = 2.46, 95% CI [0.17, 4.75], p = 0.035). The model showed that females performed better on 9-HPT than men (b = −3.60, 95% CI [−6.04, −1.16], p = 0.004). The multiple linear regression model testing for T25-FW included 197 complete records (Table 4, corrected R2 = 0.184). Analyses showed that T25-FW performance was worse in pwMS with lower education (<12 years, b = 0.82, 95% CI [0.07, 1.56], p = 0.032) and with higher age (b = 0.07, 95% CI [0.04, 0.11], p < 0.001).



TABLE 3 Results multiple linear regression analysis for manual dexterity (9-Hole-Peg Test), n = 206.
[image: Table3]



TABLE 4 Results multiple linear regression analysis for mobility (Timed 25-Foot Walk Test), n = 197.
[image: Table4]



3.3. Association with quality of life

The multiple linear regression model testing the association between independent variables and the HAQUAMS total score included 163 complete records (Table 5, corrected R2 = 0.09). Multiple linear regression analyses were performed for the HAQUAMS total score and for the subscores mood, fatigue and cognition. The results of the subscores are not shown in the table due to the similarity to the results of the total score. With longer disease duration, quality of life (HAQUAMS total score) was lower (b = 0.03, 95% CI [0.01, 0.04], p < 0.001).



TABLE 5 Results multiple linear regression analysis for self-reported MS-specific quality of life (HAQUAMS total score), n = 163.
[image: Table5]



3.4. Association with cardiovascular comorbidities

The binomial logistic regression included 207 complete records testing the association between independent variables and cardiovascular comorbidities (Table 6). Of the eight variables entered into the regression model, BMI and age were significantly associated with having one or more comorbidities, while all other variables (sDQS, smoking status and GLTEQ) showed no significant association. The chance of having one or more comorbidities increases by 17%, if the BMI increases by one point (OR = 1.17, 95% CI [1.10, 1.26], p < 0.001) and increases by 8% with each additional year of life (OR = 1.08, 95% CI [1.04, 1.12], p < 0.001).



TABLE 6 Results binary logistic regression analysis for self-reported cardiovascular comorbidities, n = 207.
[image: Table6]




4. Discussion

To the best of our knowledge, this is the first study describing various health behaviors in a German clinical cohort of pwMS and at the same time exploring possible associations with physical impairment, quality of life and cardiovascular comorbidities.


4.1. Modifiable risk factors


4.1.1. Diet

The mean sDQS score of 38.8 in this clinical cohort, which is indicative of a moderately healthy diet, is comparable with two studies among pwMS [AMSLS and Health Outcomes and Lifestyle Intervention in a Sample of pwMS (HOLISM)] which also used a dietary screener, the Dietary Habits Questionnaire (DHQ, range 20–100), to assess the health value of participants’ dietary patterns. Participants from the AMSLS cohort (n = 1,490) (12) achieved a mean score of 73.4, whereas participants of the HOLISM study (n = 2087) scored 79.0 (11). Participants of the HOLISM study have been recruited through interactive online sites specifically for pwMS from 52 countries including the USA, Australia, UK, New Zealand and Canada and were asked to fill out an online survey. Although these dietary screeners are not fully comparable, we note that in all study samples participants reached about 2/3 of the achievable points and thus a moderate diet quality can be assumed. Looking at fruit and vegetable consumption as an indicator of a healthy dietary pattern, a higher percentage of pwMS in this clinical cohort reported consuming fruits and vegetables daily (females 65.4%, males 60.7%) compared to participants of the Gesundheit in Deutschland aktuell (GEDA) 19/20 cohort (females 45.1%, males 24.1%) (50).



4.1.2. Tobacco smoking

Reports from the webbased NARCOMS registry (11.1%) (16) show a substantially lower proportion of active smokers compared to this German clinical MS cohort (24%) and to the German National MS (NationMS) cohort (31.6%) (21). This is of concern, because smoking rates in Germany are known to be substantially higher compared to other Western or North European countries (51). Representative data consistently show tobacco smoking rates of 28% in the adult general German population (50, 51). Smoking cessation seems to significantly reduce disability progression in pwMS (52, 53). Therefore it would be recommendable that clinicians inform pwMS, who are persistent smokers, with evidence-based information about the impact of smoking cessation directly after diagnosis and at the same time provide assistance for those who are willing to quit smoking.



4.1.3. Physical activity

A distribution of physical activity levels similar to the results of this study was observed in our earlier webbased study among pwMS (n = 1.027 from all over Germany) on long-term adherence to exercise, 45.3% were active (54). Comparison with the GEDA 2019/20 study is difficult because investigators used a questionnaire based on WHO recommended guidelines on Physical Activity for Health which differs from the criteria of the GLTEQ. Therefore, a comparison to the general German population is not possible. A meta-analysis showed that pwMS are less physically active than a general population (55).



4.1.4. Body Mass Index

BMI results in this clinical cohort (mean BMI = 25.8) are in line with representative data of the German population from the GEDA Cohort 2019/20 (50) (Mean BMI = 26.4) and data from the GEDA Cohort 2014/15 (56) which showed that 18.1% of participants were obese. Moreover, our data are also similar to those of a large international sample (HOLISM) of n = 2.469 pwMS with prevalence rates of 23.3% for overweight and 18.6% for obesity (11). Data from the NARCOMS registry with a size of n = 5.832 from the US showed a mean BMI of 27 (57) which is slightly more as measured in our cohort. A substantial difference is the mean age of 60 years of the NARCOMS population vs. a mean age of 42 years in our cohort. A comparable sample of n = 470 pwMS with a mean age of 37.5 years was recruited from the Kaiser Permanente Southern California (KPSC) database and showed similar prevalence rates of 31.1% for overweight, but a higher rate of 36.4% for obesity (33). As BMI tends to increase with progressing age, it is concerning that this German, relatively young sample is already overweight on average. Comparison with the German NationMS cohort—a more active and younger (median age 31 y) sample of n = 1,066 recruited in MS centers early in the disease—show a lower median BMI of 24.2 and a lower rate of 15% for obesity (21).




4.2. Associations


4.2.1. Physical impairment

Exploring possible associations between health behaviors and physical impairment, no significant associations were found except for diet quality. A higher sDQS score was associated with less impairment of manual dexterity as measured with the 9-HPT, but not with ambulatory disability as measured with the T25-FW. We assume that this rather is a chance finding, because otherwise we would have expected an association with ambulatory disability as well. Moreover, other studies also found contradictory results: The Ausimmune study (12) also did not find an association between total diet score and levels of disability as measured with the Patient Determined Disease Steps (PDDS) scale, whereas results from the NARCOMS registry (8) and the HOLISM study (11) indicate lower levels of disability for participants with higher diet quality scores. These heterogeneous study results might be explained by the use of different outcome measures, dietary assessment tools, recruitment strategies (registry data vs. online survey vs. clinical sample) and hence participant samples with differing mean age and disease duration. Moreover, findings from cross-sectional studies are prone to different kinds of biases, causal inferences cannot be drawn and results need to be verified in longitudinal and at best interventional studies which are scarce. To date, systematic reviews have shown that consistent evidence for dietary interventions in persons with MS is lacking and the evidence base is weak (58, 59).

We did not find significant associations between other health behaviors and physical impairment, which is somewhat surprising, because other studies reported less disability with increasing physical activity (60, 61) and more disability (62) as well as faster progression to SPMS (52) among pwMS who were smoking (63). There are several possible explanations for the divergent results in this study compared to other studies. First, participants in our cohort were younger (mean age 42 years), had a shorter disease duration (mean 7 years) and accordingly lower disability (mean EDSS 2.8) compared to most other cohorts (8, 12, 23, 26, 63). It can be assumed that the negative effects of poor health behaviors only become apparent with older age and longer disease duration.



4.2.2. Quality of life

We did not find any significant associations between health behaviors or BMI with QoL in this study. This is in contradiction to results from the Australian AMSLS study (n = 1,490) by Marck et al. (12), who found that a higher total diet score was associated in a dose–response manner with better physical and mental quality of life. However, in line with the results of this study Marck et al. (12) did not find associations of total diet score with level of mobility limitations, fatigue and other common MS symptoms influencing MS-related QoL. In comparison to association studies using diet scores, Coe et al. (9) investigated the influence on MS-specific outcomes of specific foods/nutrients in a large cohort of the UK Multiple Sclerosis Registry (n = 2,410). They found that a high fiber and fruits/vegetable consumption was associated with a better health-related QoL, whereas the consumption of red meat showed inverse results (9). A recent systematic review and meta-analysis on the impact of dietary interventions on fatigue and quality of life among pwMS found 12 trials comparing eight dietary interventions. While some diets (e.g., Mediterranean, Paleolithic) showed reductions in fatigue and improvements in quality of life compared to control, the overall credibility of evidence was graded very low due to high or moderate risk of bias, small sample sizes, and the limited number of studies included in the network meta-analysis (64).

While previous analyses have shown mixed evidence regarding the effect of exercise and physical activity on QoL (18, 65), a recent systematic review and meta-analysis found moderate positive effects (66). Registry data from the NARCOMS indicate, that active smoking was associated with significantly lower health-related QoL on most subscales (16). Our study could not confirm these findings, possibly due to the low disability level of this clinical cohort.



4.2.3. Cardiovascular comorbidities

Meta-analytic estimates from population-based studies among persons with MS revealed prevalence rates of 18.6% for hypertension, 10.9% for hyperlipidemia and 8.6% for type 2 diabetes (67), which aligns well with the results of our study (hypertension 17.5%, hyperlipidemia 9.3%). Only type 2 diabetes (2.5%) was reported less frequently in our clinical MS cohort which might be explained by the relatively young age of our sample. Compared to recent data from the German MS registry where 17.3% of pwMS had cardiovascular comorbidities, in our sample approximately 10% more pwMS reported one or more cardiovascular comorbidities (27%) (68). Moreover, males and females in our clinical cohort show higher rates of self-reported hypertension (18.8% of females, 18.3% of males) than the self-reported frequency of hypertension in the general German population in the age group of 30–44 (9% of females, 14.5% of males) (69). This is of concern, because prevalence of comorbidities increases with age, and it can be assumed that elderly pwMS will additionally suffer from age-related comorbidities (70). As especially comorbidities, which are known to be influenced by health behaviors such as physical activity and diet are associated with a higher disease activity and progression (25), pwMS should be informed and encouraged to prevent comorbidities by modifying their health behaviors.

We did not find significant associations between smoking behavior, diet or physical activity and the presence of self-reported cardiovascular comorbidities. However, every one-point-increase in BMI was associated with a 17% increased chance of suffering from cardiovascular comorbidities. A scoping review including 17 observational and 17 interventional studies indicates evidence that a higher level of physical activity could improve vascular comorbidity risk in pwMS. As a higher BMI is linked to reduced physical activity and poor diet quality, we would therefore also have expected associations between these health behaviors and cardiovascular comorbidities in this study (71). Several studies provide strong evidence that the presence of comorbidities is associated with more brain atrophy (72), higher lesion burden (73) and a worse MS prognosis (23, 26). Therefore, comorbidity management should be suggested in overall MS care (25). Moreover, analyzing data from nearly 3,000 pwMS from the Veterans Affairs MS National Data Repository, Turner et al. (63) found that the presence of comorbidities was associated with a 10% increased risk of mortality over a 15-year period. In addition, baseline tobacco smoking was associated with a significantly higher and physical activity with a significantly lower mortality risk. A possible influence of diet quality was not examined in this study.




4.3. Strengths and limitations

The present study has two considerable strengths. First, we were able to show that the examined convenience sample did not differ significantly from the total cohort, which was examined in the MS Outpatient Clinic in the same time period. The sample examined can therefore be considered representative of pwMS, who turn to a university-based outpatient clinic. Moreover, the sample showed suboptimal health behaviors similar to the German general population. The second strength is the inclusion of all major health behaviors/related factors (dietary behavior, physical activity, smoking and BMI) in all multivariable regression models, which are assumed to function as independent variables in each model. We aimed to avoid that independent variables not included in the model compensate a causal effect by indirect correlations. In comparison to some other association studies, this study included all major potentially influencing variables at the same time. The ambitious aim led, among other factors as explained in detail in the limitations section, to the small number of included pwMS in each regression analysis.

Our study also had some limitations. First, recruitment in a clinical sample is prone to missing data, which was aggravated by difficulties in clinical routine due to the Covid-19 pandemic. Secondly, missing data in the regression analyses has arisen due to the strict data completeness criterium explained in the previous paragraph, we applied for a case to be included: for conducting a regression analysis not just each question for the outcome variable (e.g., cardiovascular comorbidities with six questions) but also all 22 questions/measurements representing the independent variables (sDQS, Smoking, GLTEQ and BMI) and the four variables (age, sex, school education and disease duration) for adjustment had to be completed. The high number of questions that needed to be completed, apparently led to the limited case number. This resulted in lower numbers of participants that could be included in the regression analyses, which resulted in reduced statistical power. Hence, we cannot completely rule out that issues of participation bias have contributed to the lack of associations between health behaviors and outcomes in this study. Although we could show that the studied convenience sample was representative for pwMS presenting at a large university-based outpatient clinic did not meaningfully differ from the whole patient cohort treated in the MS Outpatient Clinic during the same time period, it cannot be assumed that the sample examined is representative of the general MS population in Germany and results consequently can only be partially transferred.

Moreover, we did not validate self-reported comorbidities with clinical records or insurance company data and relied on self-report data for health behaviors. Although validated tools were used, findings might be confounded by treated comorbidities, which pwMS might not have reported as they are controlled under treatment. This could have affected the accuracy of data. A general issue in this field is the use of different scales and measurement tools when assessing health behaviors and outcomes, e.g., health related QoL. A defined set of scales used across all MS studies in different settings and countries is lacking. This might be an explanation for differing results of our study compared to other studies. Finally, causal inferences cannot be drawn due to the cross-sectional design of the study.




5. Conclusion

This relatively young clinical cohort of pwMS shows a high prevalence of critical health behaviors and cardiovascular comorbidities, which is of concern. While associations between modifiable risk factors and physical impairment, QoL and cardiovascular comorbidities were small or not significantly evident, we believe that the relatively short disease duration and relatively young age substantially contributed to this result. The negative effects of poor health behaviors might only become apparent with older age and longer disease duration. Hence, from a clinical point of view, it still seems warranted to further investigate associations of health behaviors with MS outcomes in clinical populations. Accordingly, we believe that there is an urgent need for targeted interventions to improve health behaviors among pwMS, especially smoking cessation programs and interventions that aim at regaining or maintaining normal body weight. In addition to DMTs, pwMS should be motivated and supported to implement long-term health behavior changes at an early stage of disease such as a healthy diet, regular physical activity and smoking cessation.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

This study involving humans was carried out in accordance with the recommendations of Ethics Committee of Ärztekammer Hamburg. The protocol was approved by the Ethics Committee of Ärztekammer Hamburg (PV 4405). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

KG: writing—original draft and investigation. CH, KG, and KR-L: conceptualization. AD, CH, HS, JP, KG, KR-L, and NK: methodology. AD and KG: formal analysis. JP and KG: data curation. CH and KR-L: supervision, project administration, and funding acquisition. AD, CH, HS, JP, KR-L, and NK: writing—reviewing and editing. All authors contributed to the article and approved the submitted version.



Funding

This work was funded by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) project no. -495901503. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.



Acknowledgments

Thank you to all involved persons with Multiple Sclerosis and professionals in the MS Outpatient Clinic of the University Medical Center Hamburg Eppendorf for the good cooperation.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Koch-Henriksen, N, and Magyari, M. Apparent changes in the epidemiology and severity of multiple sclerosis. Nat Rev Neurol (2021) 17:676–88. doi: 10.1038/s41582-021-00556-y 

 2. Holstiege, J, Akmatov, MK, Klimke, K, Dammertz, L, Kohring, C, Marx, C , et al. Trends in administrative prevalence of multiple sclerosis and utilization patterns of disease modifying drugs in Germany. Mult Scler Relat Disord (2022) 59:103534. doi: 10.1016/j.msard.2022.103534 

 3. Reich, DS, Lucchinetti, CF, and Calabresi, PA. Multiple sclerosis. N Engl J Med (2018) 378:169–80. doi: 10.1056/NEJMra1401483 

 4. Thompson, AJ, Baranzini, SE, Geurts, J, Hemmer, B, and Ciccarelli, O. Multiple sclerosis. Lancet (2018) 391:1622–36. doi: 10.1016/S0140-6736(18)30481-1 

 5. Alfredsson, L, and Olsson, T. Lifestyle and environmental factors in multiple sclerosis. Cold Spring Harb Perspect Med (2019) 9:1–12. doi: 10.1101/cshperspect.a028944


 6. Bjornevik, K, Cortese, M, Healy, BC, Kuhle, J, Mina, MJ, Leng, Y , et al. Longitudinal analysis reveals high prevalence of Epstein-Barr virus associated with multiple sclerosis. Science (2022) 375:296–301. doi: 10.1126/science.abj8222 

 7. Olsson, T, Barcellos, LF, and Alfredsson, L. Interactions between genetic, lifestyle and environmental risk factors for multiple sclerosis. Nat Rev Neurol (2017) 13:25–36. doi: 10.1038/nrneurol.2016.187 

 8. Fitzgerald, KC, Tyry, T, Salter, A, Cofield, SS, Cutter, G, Fox, R , et al. Diet quality is associated with disability and symptom severity in multiple sclerosis. Neurology (2018) 90:e1–e11. doi: 10.1212/WNL.0000000000004768


 9. Coe, S, Tektonidis, TG, Coverdale, C, Penny, S, Collett, J, Chu, BTY , et al. A cross sectional assessment of nutrient intake and the association of the inflammatory properties of nutrients and foods with symptom severity in a large cohort from the UK multiple sclerosis registry. Nutr Res (2021) 85:31–9. doi: 10.1016/j.nutres.2020.11.006 

 10. Katz, SI
. The role of diet in multiple sclerosis: mechanistic connections and current evidence. Curr Nutr Rep (2018) 7:150–60. doi: 10.1007/s13668-018-0236-z 

 11. Hadgkiss, EJ, Jelinek, GA, Weiland, TJ, Pereira, NG, Marck, CH, and van der Meer, DM. The association of diet with quality of life, disability, and relapse rate in an international sample of people with multiple sclerosis. Nutr Neurosci (2015) 18:125–36. doi: 10.1179/1476830514Y.0000000117


 12. Marck, CH, Probst, Y, Chen, J, Taylor, B, and van der Mei, I. Dietary patterns and associations with health outcomes in Australian people with multiple sclerosis. Eur J Clin Nutr (2021) 75:1506–14. doi: 10.1038/s41430-021-00864-y 

 13. Jayasinghe, M, Prathiraja, O, Kayani, AMA, Jena, R, Caldera, D, Silva, MS , et al. The role of diet and gut microbiome in multiple sclerosis. Cureus (2022) 14:e28975. doi: 10.7759/cureus.28975 

 14. Talhout, R, Schulz, T, Florek, E, van Benthem, J, Wester, P, and Opperhuizen, A. Hazardous compounds in tobacco smoke. Int J Environ Res Public Health (2011) 8:613–28. doi: 10.3390/ijerph8020613 

 15. Hedström, AK
. Smoking and its interaction with genetics in MS etiology. Mult Scler J (2019) 25:180–6. doi: 10.1177/1352458518801727 

 16. Briggs, FBS, Gunzler, DD, Ontaneda, D, and Marrie, RA. Smokers with MS have greater decrements in quality of life and disability than non-smokers. Mult Scler (2017) 23:1772–81. doi: 10.1177/1352458516685169 

 17. Wu, J, Olsson, T, Hillert, J, Alfredsson, L, and Hedström, AK. Influence of oral tobacco versus smoking on multiple sclerosis disease activity and progression. J Neurol Neurosurg Psychiatry (2023) 94:589–96. doi: 10.1136/jnnp-2022-330848 

 18. Latimer-Cheung, AE, Pilutti, LA, Hicks, AL, Ginis, KAM, Fenuta, AM, MacKibbon, KA , et al. Effects of exercise training on fitness, mobility, fatigue, and health-related quality of life among adults with multiple sclerosis: a systematic review to inform guideline development. Arch Phys Med Rehabil (2013) 94:1800–1828.e3. doi: 10.1016/j.apmr.2013.04.020 

 19. Latimer-Cheung, AE, Martin Ginis, KA, Hicks, AL, Motl, RW, Pilutti, LA, Duggan, M , et al. Development of evidence-informed physical activity guidelines for adults with multiple sclerosis. Arch Phys Med Rehabil (2013) 94:1829–1836.e7. doi: 10.1016/j.apmr.2013.05.015 

 20. Dalgas, U, Hvid, LG, Kwakkel, G, Motl, RW, de Groot, V, Feys, P , et al. Moving exercise research in multiple sclerosis forward (the MoXFo initiative): developing consensus statements for research. Mult Scler (2020) 26:1303–8. doi: 10.1177/1352458520910360 

 21. Lutfullin, I, Eveslage, M, Bittner, S, Antony, G, Flaskamp, M, Luessi, F , et al. Association of obesity with disease outcome in multiple sclerosis. J Neurol Neurosurg Psychiatry (2022) 94:57–61. doi: 10.1136/jnnp-2022-329685


 22. Clemente-Suárez, VJ, Redondo-Flórez, L, Beltrán-Velasco, AI, Martín-Rodríguez, A, Martínez-Guardado, I, Navarro-Jiménez, E , et al. The role of Adipokines in health and disease. Biomedicine (2023) 11:1290. doi: 10.3390/biomedicines11051290 

 23. Maric, G, Pekmezovic, T, Tamas, O, Veselinovic, N, Jovanovic, A, Lalic, K , et al. Impact of comorbidities on the disability progression in multiple sclerosis. Acta Neurol Scand (2022) 145:24–9. doi: 10.1111/ane.13516 

 24. Lo, LMP, Taylor, BV, Winzenberg, T, Palmer, AJ, Blizzard, L, and van der Mei, I. Comorbidities contribute substantially to the severity of common multiple sclerosis symptoms. J Neurol (2021) 268:559–68. doi: 10.1007/s00415-020-10192-z 

 25. Marrie, RA, Fisk, JD, Fitzgerald, K, Kowalec, K, Maxwell, C, Rotstein, D , et al. Etiology, effects and management of comorbidities in multiple sclerosis: recent advances. Front Immunol (2023) 14:1197195. doi: 10.3389/fimmu.2023.1197195 

 26. Marrie, RA, Rudick, R, Horwitz, R, Cutter, G, Tyry, T, Campagnolo, D , et al. Vascular comorbidity is associated with more rapid disability progression in multiple sclerosis. Neurology (2010) 74:1041–7. doi: 10.1212/WNL.0b013e3181d6b125 

 27. Hempel, S, Graham, GD, Fu, N, Estrada, E, Chen, AY, Miake-Lye, I , et al. A systematic review of the effects of modifiable risk factor interventions on the progression of multiple sclerosis. Mult Scler (2017) 23:513–24. doi: 10.1177/1352458517690271 

 28. McKay, KA, Jahanfar, S, Duggan, T, Tkachuk, S, and Tremlett, H. Factors associated with onset, relapses or progression in multiple sclerosis: a systematic review. Neurotoxicology (2017) 61:189–212. doi: 10.1016/j.neuro.2016.03.020


 29. Amato, MP, Fonderico, M, Portaccio, E, Pastò, L, Razzolini, L, Prestipino, E , et al. Disease-modifying drugs can reduce disability progression in relapsing multiple sclerosis. Brain (2020) 143:3013–24. doi: 10.1093/brain/awaa251 

 30. Heesen, C, Romberg, A, Gold, S, and Schulz, KH. Physical exercise in multiple sclerosis: supportive care or a putative disease-modifying treatment. Expert Rev Neurother (2006) 6:347–55. doi: 10.1586/14737175.6.3.347


 31. Khan, F, and Amatya, B. Rehabilitation in multiple sclerosis: a systematic review of systematic reviews. Arch Phys Med Rehabil (2017) 98:353–67. doi: 10.1016/j.apmr.2016.04.016 

 32. Marrie, R, Horwitz, R, Cutter, G, Tyry, T, Campagnolo, D, and Vollmer, T. High frequency of adverse health behaviors in multiple sclerosis. Mult Scler (2009) 15:105–13. doi: 10.1177/1352458508096680 

 33. Russell, RD, Langer-Gould, A, Gonzales, EG, Smith, JB, Brennan, V, Pereira, G , et al. Obesity, dieting, and multiple sclerosis. Mult Scler Relat Disord (2020) 39:101889. doi: 10.1016/j.msard.2019.101889


 34. Thompson, AJ, Banwell, BL, Barkhof, F, Carroll, WM, Coetzee, T, Comi, G , et al. Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. Lancet Neurol (2018) 17:162–73. doi: 10.1016/S1474-4422(17)30470-2 

 35. Mancia, G, de Backer, G, Dominiczak, A, Cifkova, R, Fagard, R, Germano, G , et al. Guidelines for the management of arterial hypertension: the task force for the management of arterial hypertension of the European Society of Hypertension (ESH) and of the European Society of Cardiology (ESC) (2007) 25:1105–87. doi: 10.1097/HJH.0b013e3281fc975a


 36. World Health Organisation (WHO)
. Body mass index - BMI. (2010). Available at: https://www.who.int/europe/news-room/fact-sheets/item/a-healthy-lifestyle---who-recommendations (Accessed September 1, 2022).


 37. World Health Organisation (WHO)
. WHO|waist circumference and waist–hip ratio. Report of a WHO expert consultation. Geneva, 8–11 December. (2008). Available at: http://www.who.int


 38. Schröder, H, Benitez Arciniega, A, Soler, C, Covas, MI, Baena-Díez, JM, and Marrugat, J. Validity of two short screeners for diet quality in time-limited settings. Public Health Nutr (2012) 15:618–26. doi: 10.1017/S1368980011001923 

 39. Funtikova, A, Baena-Díez, JM, Koebnick, C, Gomez, SF, Covas, MI, Goday, A , et al. Validity of a short diet-quality index to predict changes in anthropometric and cardiovascular risk factors: a simulation study. Eur J Clin Nutr (2012) 66:1369–71. doi: 10.1038/ejcn.2012.131 

 40. Godin, G, and Shephard, RJ. Godin Leisure-Time Exercise Questionnaire. Med Sci Sports Exerc (1997) 29:36–8. doi: 10.1097/00005768-199706001-00009


 41. Godin, G
. The Godin-Shephard leisure-time physical activity questionnaire. Health Fitness J Canada (2011) 4:18–22. doi: 10.14288/hfjc.v4i1.82


 42. Latza, U, Hoffmann, W, Terschüren, C, Chang-Claude, J, Kreuzer, M, Schaffrath Rosario, A , et al. Rauchen als möglicher Confounder in epidemiologischen Studien: Standardisierung der Erhebung, Quantifizierung und Analyse. Das Gesundheitswesen (2005) 67:795–802. doi: 10.1055/s-2005-858807 

 43. Horton, M, Rudick, RA, Hara-Cleaver, C, and Marrie, RA. Validation of a self-report comorbidity questionnaire for multiple sclerosis. Neuroepidemiology (2010) 35:83–90. doi: 10.1159/000311013 

 44. Kurtzke, JF
. Rating neurologic impairment in multiple sclerosis: an expanded disability status scale (EDSS). Neurology (1983) 33:1444–52. doi: 10.1212/WNL.33.11.1444 

 45. Gold, SM, Heesen, C, Schulz, H, Guder, U, Mönch, A, Gbadamosi, J , et al. Disease specific quality of life instruments in multiple sclerosis: validation of the Hamburg quality of life questionnaire in multiple sclerosis (HAQUAMS). Mult Scler (2001) 7:119–30. doi: 10.1177/135245850100700208 

 46. Feys, P, Lamers, I, Francis, G, Benedict, R, Phillips, G, LaRocca, N , et al. The nine-hole peg test as a manual dexterity performance measure for multiple sclerosis. Mult Scler (2017) 23:711–20. doi: 10.1177/1352458517690824 

 47. Motl, RW, Cohen, JA, Benedict, R, Phillips, G, LaRocca, N, Hudson, LD , et al. Validity of the timed 25-foot walk as an ambulatory performance outcome measure for multiple sclerosis. Multiple Sclerosis J Exp Transl Clin (2017) 23:704–10. doi: 10.1177/1352458517690823 

 48. Saß, AC, Lange, C, Finger, JD, Allen, J, Born, S, Hoebel, J , et al. “Gesundheit in Deutschland aktuell”-Neue Daten für Deutschland und Europa Hintergrund und Studienmethodik von GEDA 2014/2015-EHIS. J Health Monit. (2017) 2:83–90. doi: 10.17886/RKI-GBE-2017-012


 49. Manuel Escobar, J, Cortese, M, Edan, G, Freedman, MS, Hartung, HP, Montalbán, X , et al. Body mass index as a predictor of MS activity and progression among participants in BENEFIT. Mult Scler (2022) 28:1277–85. doi: 10.1177/13524585211061861 

 50. Richter, A, Schienkiewitz, A, Starker, A, Krug, S, Domanska, O, Kuhnert, R , et al. Health-promoting behaviour among adults in Germany-results from GEDA 2019/2020-EHIS. J Health Monit (2021) 6:26–44. doi: 10.25646/8553 

 51. Kotz, D, Böckmann, M, and Kastaun, S. The use of tobacco, E-cigarettes, and methods to quit smoking in Germany. Dtsch Arztebl Int (2018) 115:235–42. doi: 10.3238/arztebl.2018.0235 

 52. Ramanujam, R, Hedström, AK, Manouchehrinia, A, Alfredsson, L, Olsson, T, Bottai, M , et al. Effect of smoking cessation on multiple sclerosis prognosis. JAMA Neurol (2015) 72:1117–23. doi: 10.1001/jamaneurol.2015.1788 

 53. Tanasescu, R, Constantinescu, CS, Tench, CR, and Manouchehrinia, A. Smoking cessation and the reduction of disability progression in multiple sclerosis: a cohort study. Nicotine Tob Res (2018) 20:589–95. doi: 10.1093/ntr/ntx084 

 54. Riemann-Lorenz, K, Motl, RW, Casey, B, Coote, S, Daubmann, A, and Heesen, C. Possible determinants of long-term adherence to physical activity in multiple sclerosis—theory-based development of a comprehensive questionnaire and results from a German survey study. Disabil Rehabil (2021) 43:3175–88. doi: 10.1080/09638288.2020.1731612 

 55. Casey, B, Coote, S, Galvin, R, and Donnelly, A. Objective physical activity levels in people with multiple sclerosis: Meta-analysis. Scand J Med Sci Sports (2018):28. doi: 10.1111/sms.13214


 56. Schienkiewitz, A, Mensink, G, Kuhnert, R, and Lange, C. Übergewicht und Adipositas bei Erwachsenen in Deutschland. J Health Monit. (2017) 2:21–8. doi: 10.17886/RKI-GBE-2017-025


 57. Fitzgerald, KC, Salter, A, Tyry, T, Fox, RJ, Cutter, G, and Marrie, RA. Measures of general and abdominal obesity and disability severity in a large population of people with multiple sclerosis. Mult Scler (2020) 26:976–86. doi: 10.1177/1352458519845836 

 58. Parks, NE, Jackson-Tarlton, CS, Vacchi, L, Merdad, R, and Johnston, BC. Dietary interventions for multiple sclerosis-related outcomes. Cochrane Database Syst Rev (2020) 5:CD004192. doi: 10.1002/14651858.CD004192.pub4 

 59. Tredinnick, AR, and Probst, YC. Evaluating the effects of dietary interventions on disease progression and symptoms of adults with multiple sclerosis: an umbrella review. Adv Nutr (2020) 11:1603–15. doi: 10.1093/advances/nmaa063 

 60. Gunn, H, Markevics, S, Haas, B, Marsden, J, and Freeman, J. Systematic review: the effectiveness of interventions to reduce falls and improve balance in adults with multiple sclerosis. Arch Phys Med Rehabil (2015) 96:1898–912. doi: 10.1016/j.apmr.2015.05.018 

 61. Heine, M, van de Port, I, Rietberg, MB, van Wegen, EEH, and Kwakkel, G. Exercise therapy for fatigue in multiple sclerosis. Cochrane Database Syst Rev (2015) 9:CD009956. doi: 10.1002/14651858.CD009956.pub2


 62. Manouchehrinia, A, Tench, CR, Maxted, J, Bibani, RH, Britton, J, and Constantinescu, CS. Tobacco smoking and disability progression in multiple sclerosis: United Kingdom cohort study. Brain (2013) 136:2298–304. doi: 10.1093/brain/awt139 

 63. Turner, AP, Hartoonian, N, Maynard, C, Leipertz, SL, and Haselkorn, JK. Smoking and physical activity: examining health behaviors and 15-year mortality among individuals with multiple sclerosis. Arch Phys Med Rehabil (2015) 96:402–9. doi: 10.1016/j.apmr.2014.10.014


 64. Snetselaar, LG, Cheek, JJ, Fox, SS, Healy, HS, Schweizer, ML, Bao, W , et al. Efficacy of diet on fatigue and quality of life in multiple sclerosis: a systematic review and network Meta-analysis of randomized trials. Neurology (2023) 100:e357–66. doi: 10.1212/WNL.0000000000201371 

 65. Motl, RW, and Gosney, JL. Effect of exercise training on quality of life in multiple sclerosis: a meta-analysis. Mult Scler J (2008) 14:129–35. doi: 10.1177/1352458507080464 

 66. Edwards, T, Michelsen, AS, Fakolade, AO, Dalgas, U, and Pilutti, LA. Exercise training improves participation in persons with multiple sclerosis: a systematic review and meta-analysis. J Sport Health Sci (2022) 11:393–402. doi: 10.1016/j.jshs.2021.07.007 

 67. Marrie, RA, Cohen, J, Stuve, O, Trojano, M, Sørensen, PS, Reingold, S , et al. A systematic review of the incidence and prevalence of comorbidity in multiple sclerosis: overview. Mult Scler J (2015) 21:263–81. doi: 10.1177/1352458514564491 

 68. Frahm, N, Fneish, F, Ellenberger, D, Peters, M, and Temmes, H. Rolle von Komorbiditäten bei Multipler Sklerose nicht unterschätzen. Neuro Transmitter (2022) 33:40–4.


 69. Neuhauser, H, and Kuhnert, R. 12-month prevalence of hypertension in Germany. J Health Monit (2017) 2:51–7. doi: 10.17886/RKI-GBE-2017-016 

 70. Vaughn, CB, Jakimovski, D, Kavak, KS, Ramanathan, M, Benedict, RHB, Zivadinov, R , et al. Epidemiology and treatment of multiple sclerosis in elderly populations. Nat Rev Neurol (2019) 15:329–42. doi: 10.1038/s41582-019-0183-3 

 71. Ewanchuk, BW, Gharagozloo, M, Peelen, E, and Pilutti, LA. Exploring the role of physical activity and exercise for managing vascular comorbidities in people with multiple sclerosis: a scoping review. Mult Scler Relat Disord (2018) 26:19–32. doi: 10.1016/j.msard.2018.08.022 

 72. Jakimovski, D, Gandhi, S, Paunkoski, I, Bergsland, N, Hagemeier, J, Ramasamy, DP , et al. Hypertension and heart disease are associated with development of brain atrophy in multiple sclerosis: a 5-year longitudinal study. Eur J Neurol (2019) 26:87–e8. doi: 10.1111/ene.13769 

 73. Kappus, N, Weinstock-Guttman, B, Hagemeier, J, Kennedy, C, Melia, R, Carl, E , et al. Cardiovascular risk factors are associated with increased lesion burden and brain atrophy in multiple sclerosis. J Neurol Psychiatry (2015) 87:181–7. doi: 10.1136/jnnp-2014-310051 



Appendix



TABLE A1 Scoring method for the Diet Quality Index.
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95% ClI

Constant term 379 2528 5052 <0.001
Variables

sDQS ~030 -0.58 -002 0033
Non-smoker vs. ex-smoker ~0.46 -304 222 0733
Smoker vs. ex-smoker -286 -6.18 045 0.090
GLTEQ -0.06 0.04 0.658
BMI -0.32 007 0216

Corrected R*=0.18.
SDQs: short Diet Quality Screener, GLTEQ: Godin Leisure Time Exercise Questionnaire, BMI: Body Mass Index, b unstandardized regression coefficient, CI: confidence interval.
Adjusted for age, sex, duration of disease and school education.
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95% ClI

Constant term 116 -294 526 0577
Variables

sDQS -001 ~0.97 083 0875
Non-smoker vs. ex-smoker 067 -0.21 1255 0.134
Smoker vs. ex-smoker ~001 ~108 106 0.986
GLTEQ 0.002 -0.01 0.02 0.785
BMI 002 -0.05 0.08 0629

Corrected R=0.14,

sDQS, short Diet Quality Screener; GLTEQ, Godin Leisure Time Exercise Questionnaire; BMI: Body Mass Index.
b: unstandardized regression coefficient, CI: confidence interval,
Adjusted for age, sex, duration of disease and school education.
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1. Daily frequency consumption during the last 4 weeks
Please think about the last 4 weeks. How often per day did you eat the following foods in the specified amounts?

Food Amount <1 time/day 1time/day >2 times/day Never
Whole grain bread 1-2lices 1 2 3 1
Vegetables/salad 1 serving 1 2 3 1
Fruits 1 piece or serving 1 2 3 1
Yoghurt/milk/cheese 1 b1 glass/1 slice 1 2 3 1
Whole grain products (e.g., Pasta, rice) 1serving 1 2 3 1
Plant oil (e.g, olive or sunflower) 1 tablespoon 1 2 3 1
Calorie free drinks (¢.g., water, tea) 3 glasses of 250 ml. 1 2 3 1

2. Weekly frequency consumption during the last 4 weeks

Please think about the last 4weeks. How often per week did you eat the following foods in the specified amounts?

Food Amount <4 times/week 4-6 times/week 27 times/week Never
Meat 1 serving ~150g 3 2 1 3
Cold cuts, sausages/ meat products (e.g. meatball) | 1-3 slices, 1 serving 3 2 1 3
Pastry or cake 1-2 pieces 3 2 1 3
Sweets 1 serving 3 2 1 3
Butter or lard 1 teaspoon 3 2 1 3
Sweetened beverages (¢.g. Cola) 1 glass 3 2 1 3
Fast food 1 serving 3 2 1 3
Food Amount <1 time/week 1 time/week 22 times/weck Never
Fish 1 serving 1 2 3 1
Legumes 1 serving 1 2 3 1
Food Amount <2 times/weck 2-3 times/week 24 times/week Never

Unsalted nuts, oilseeds 1 handful 1 2 3 1
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Convenience sample Clinical cohort not

N=399 included in study N = 495

Socio-demographic characteristics

Age in years, mean (SD) 41.8(1238) 42.1(128) 070"
Missing, n 1 0

Sex, n (%) 055"
Males 135 (34) 177 (36)

Females 263 (66) 317(64)

Missing, n 1 1 0.83
School education, n (%) 021
<L2years 192 (49) 12(54)

>L2years 200(51) 94 (46)

Missing, n* 7 289 <0.01°

MS-specific data

EDSS, mean (SD) 2.77(19) 2.56(2.0) 012"
Missing, 1 2 7

MS: Multipe sclerosis, SD: Standard deviation, EDSS: Expanded Disability Status Scale.

Lest

"Chi-squared test.

Chi-squared test with missing as a separate category:
*Education in the clinical cohort (1 = 495) was often not recorded due to a communication error.
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Variables Convenience sample N = 399 N missing

Socio-demographic characteristics

Age in years, mean (SD) 418 (1238) 1
Sex 1
Males, n (%) 135 (34)
Females, 1 (%) 236 (66)

Behavioral characteristics

Diet (sDQS) 13
sDQS score, mean (SD) 38.82 (4.3)

Insufficiently healthy, 1 (%) 2(1)

Moderately healthy, 1 (%) 154 (54)

Healthy, (%) 130 (46)

Fruit and vegetable intake 1
Daily fruit and vegetable consumption, 1 (%) 254 (64)

Males, 1 (%) 82(61)

Females, 7 (%) 172 (65)

Physical activity (GLTEQ) 70
Health contribution score, mean (SD) 2007 (21.1)

Insufficiently active (%) 143 (44)

Moderately active (%) 65(20)

Active (%) 12137)

Tobacco smoking 9
Smoker, 1 (%) 95(24)

Non-smoker, 1 (%) 171 (44)

Ex-smoker, 1 (%) 124(32)

Cardiovascular risk factors

Blood pressure n
Systolic blood pressure, mean (SD) 13248 (19.1)

Diastolic blood pressure, mean (SD) 8174 (114)

Measured hypertension, n (%) 80/(20.6)

Body Mass Index (BMI) 9
BMI, mean (SD) 2588 (538)

Underweight, 1 (%) 10(3)

Normal weight, 1 (%) 186 (48)

Pre-obesity, 1 (%) 12231

Obesity, 1 (%) 72(19)

Waist circumference 5
Waist circumference females, mean (SD) 83.66 (16.04)

High waist circumference females >80 cm, n (%) 138 (53)

‘Waist circumference males, mean (SD) 90.72 (15.15)

High waist circumference males >94cm, 1 (%) 54 (40)

Self-reported cardiovascular comorbidities

Hyperlipedemia, n (%) 37(9) 21
Hypertension, n (%) 70(18) 21
Diabetes type 1, n (%) 92 3
Diabetes type 2, n (%) 100) 23
Peripheral vascular disease, n (%) 2(1) %
Heart disease, 1 (%) 15(4) 25

No comorbidities, 1 (%) 200 (73) 0

One or more comorbidities, 1 (%) 10927) 0

MS-specific data

Duration of disease, mean in years (SD) 7.38 (3.44) a4
Disease course 59

SPMS, 7 (%) 44.(13)

RRMS, 1 (%) 177(52)

PPMS, 1 (%) 55(16)

MS type not yet defined, n (%) 56(17)

Other, 1 (%) 8@
Expanded Disability Status Scale, mean (SD) 277(199) 2
Timed 25 foot walk, mean in sec. (SD) 558(25) 2
9 Hole Peg Test, mean in sec. (SD) 2415 (8.86) 9
Quality of life (HAQUAMS)
Total score, mean (SD) 222(077) 9
Subscore mood, mean (SD) 254(092) 3
Subscore fatigue, mean (SD) 259 (1.18) 48
Subscore cognition, mean (SD) 236 (1.13) 55

SD, Standard deviation. MS: Multple sclerosis, sDQS: short Diet Quality Screener, GLTEQ: Godin Leisure Time Exercise Questionnaire, SPMS: Secondary progressive MS, RRMS: Relapsing-
remitting MS, PPMS: Primary progressive MS.





OPS/images/cover.jpg
, frontiers | Frontiers in Neurology

Health behaviors of people with
multiple sclerosis and its
associations with MS related
outcomes: a German clinical
cohort












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
¥ frontiers = Frontiers in Neurology






