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Abstract

Background: A gap in research about the trajectories of function among men and women aging 

with functional limitations due to multiple sclerosis (MS) hinders ability to plan for future needs.

Objectives: Using a biopsychosocial model, we characterize how men and women with MS 

report changes over time in their function and test how person-level differences in age, diagnosis 

duration, and sex influence perceived function.

Methods: A longitudinal study with multiple waves of surveys was used to collect data on 

participant perceptions of function, as well as demographic and contextual variables. Self-reported 

functional limitation was measured over a decade. The study participants were community 

residing with physician diagnosed MS.

Results: The people with MS had a diagnosis duration of about 13 years and were around 51 

years of age, on average, at the start of the study. They were primarily women and non-Hispanic 

White. We analyzed the data using mixed-effects models. Subject-specific, functional limitation 

trajectories were described best with a quadratic growth model. Relative to men, women reported 

lower functional limitation and greater between-person variation and rates of acceleration in 

functional limitation scores.

Discussion: Results suggest function progressed through two pathways for over a decade, 

particularly closer to diagnoses. Variability in trajectories between individuals based on sex 

and years since diagnosis of disease indicates that men and women with MS may experience 

perceptions of their function with age differently. This has implications for clinician advice to men 

and women with MS.
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Variability in function over time with age and by sex has been studied (Kim & Won, 2022). 

Variations in disease pathology over time by sex leaves no doubt as to the importance 

of studying differences (McSweeney et al., 2003); however, few have studied functional 

limitation by sex in people aging with chronic functional limitation. People with multiple 

sclerosis (MS) over age 60 are increasing in numbers resulting in difficulties in medical and 

therapeutic management (Ostolaza et al., 2021). Research is needed on variations in function 

with age, including sex difference, to guide rehabilitation.

Rice et al.’s (2021) feminist-disability perspective on studying nonnormative body image, 

Yaghmaian and Miller Smedema’s (2019) definitions of psychosocial stigma/barriers, 

and disability theorists’ enabling/disabling environmental barriers perspective (Institute of 

Medicine [IOM], 1997) were used to posit and interpret how age, disease, and sex contribute 

to functional limitations with time for people with MS (Figure 1). While Rice’s feminist 

disability perspective challenges women to move past one-dimensional conceptualizations of 

the body to allow for change and reinterpretation of function with time, external attitudinal 

barriers from psychosocial factors affect function (IOM, 1997; Harrison et al., 2008) and 

continue to influence the perceptions of disease, age, and sex.

By also including the enabling–disabling theory of function that considers the body 

within an environment that supports or hinders function (IOM, 1997), we provide the 

possibility for a feminist biopsychosocial rehabilitation framework. Unlike the rehabilitation 

frameworks that view function “within biomedicine, [where] the aged body is increasingly 

constructed as a set of age-related diseases, as well as a site for continual restoration 

and improvement” (Joyce & Mamo, 2006, p. 99), our feminist rehabilitative approach 

assumes that function can change with the environment without negative implications for 

the individual. Nonaccommodating environments may create stress and trigger biological 

inflammatory illnesses that limit function but may also be corrected (Correale & Ysrraelit, 

2022). Instead of a biomedical model of aging and disease decline, our feminist model 

posits a varied trajectory fluctuating over time. Here, we follow perceptions of change in 

function for over a decade and examine function within and between people with MS while 

examining predictive effects of age, diagnosis duration, and sex (Ram et al., 2010).

MS, a chronic inflammatory disease, is diagnostic of a nervous system disease, notable to 

the person after cells of the myelin sheath that coat nerves are modified (Backner & Levin, 

2018). A T-cell-mediated autoimmune condition involving all cell types within the immune 

system, including B-cells (Bittner et al., 2017), manifestation may range from a sudden loss 

of vision to weakness in the leg. Impulses sent along the myelin sheath of high-capacity 

nerve cells are stopped, leaving the person gradually unable to move the innervated muscle 

(Grzegorski & Losy, 2017). Global prevalence of MS is estimated to be between 2 to 3 

million people, with the majority diagnosed before 50 years (Vaughn, Jakimovski, Kavak, 

et al., 2019) and living longer (Ostolaza et al., 2021). Across the population with MS, the 

disease can manifest as a range of functional limitations, including an inability to walk 

(see Backner & Levin, 2018), control emotions, remember short-term tasks (Migliore et al., 

2017), and control the bowels or bladder (Zecca et al., 2016). Because the inflammation 

of myelin can occur in many parts of the body, function in various areas is hindered 

(Grzegorski & Losy, 2017).
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Age at diagnosis has been used as criterion for differentiating and studying MS (Tutuncu 

et al., 2013). The diagnosis of MS with presenting symptoms prior to age 19 is considered 

early, representing 5% of cases, while a diagnosis after age 50 years is considered late-onset, 

representing 5% to 10% of cases (Cossburn et al., 2012; Yeh et al., 2009). Most people are 

diagnosed before age 50 (Awad & Stüve, 2010). Of those diagnosed after age 50, 10%–34% 

may experience increased functional limitation despite studies suggesting there may be little 

to no worsening of disease pathology after age 75 (Tutuncu et al., 2013).

This may have been due to dissolution of MS pathology (Frischer et al., 2009; Tutuncu 

et al., 2013) or environmental adaptation (Roberts & Stuifbergen, 1998). Frischer et al. 

(2009) found that people deceased with MS (median age of 76 and median diagnosis 

duration of 31 years) had levels of inflammation and axonal injury like age-matched controls 

without MS. The MS symptoms and progression had seemingly stopped, and new functional 

limitation was attributed to comorbidity. MS inflammation and neurodegeneration may 

have just “die[d] out” (Frischer, 2009, p. 1175). This indicates an MS-disease dissolution 
hypothesis in what is otherwise known as an incurable chronic disease. For people over 

age 50, other autoimmune or aging-related diseases, such as dementia, heart disease, 

and Parkinson’s disease, make differentiating diagnoses more complex and contribute to 

functional limitations beyond the effects of MS (Chou et al., 2020). Further, by age 50, the 

reparative process between de-myelination/re-myelination tends to be unbalanced through 

intracellular and epigenetic mechanisms that are not fully understood within the complexity 

of the human with MS (see Correale & Ysrraelit, 2022 for an overview of aging cellular 

changes in MS with age), which has led to the need for longitudinal studies.

In the extant literature, two assertions for implications of aging with MS can be made. 

First, the age when first diagnosis of disease occurs may have as much significance for 

understanding the trajectory of functional limitation as does the length of the cellular 

pathology of the disease (Cottrell et al., 1999; Scalfari et al., 2010). Second, the length 

of diagnosis duration and the accumulation of comorbidity (Chou et al., 2020) combined 

with the person’s age may influence the possibility of MS disease dissolution (Scalfari et al., 

2010) despite continued functional limitation.

Sex and MS

Several studies support an influence of sex on immune response (Giefing-Kröll et al., 2015). 

Whether due to environmental, social–behavioral, occupational exposure, or genetic and 

hormonal variation, differences in outcomes between men and women with MS influence 

disease susceptibility, disease progression, and mortality (Voskuhl et al., 2018). Klistorner et 

al. (2016) propose a biologic hypothesis of worsening functional limitation in men compared 

with women with MS on MRI due to men’s microstructural change compared with women’s 

diffuse change. Evidence supports both possible reasons for varying trajectories between 

men and women with MS (Klistorner et al., 2016; Voskuhl et al., 2018).

In this study, we describe the functional limitation trajectory of MS for men and women 

based on the effects of disease compared to aging and then discuss the implications. The 

operational model in Figure 1 is the basis for three research questions:
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1. To what extent do sex, the number of years living with MS, and age influence 

perceived functional limitations?

2. Do individuals differ from each other in the year-to-year variation (intra-

individual variability) in functional limitations after accounting for change 

in limitations attributable to time and measured covariates? Given individual 

differences in year-to-year variation, do sex, the number of years living with MS, 

or age account for between-subject differences in the year-to-year variation?

3. If there is evidence of individual differences in aspects of change in functional 

limitation, do sex, the number of years living with MS, or age account for 

between-person heterogeneity of the variances of the particular aspects of change 

in functional limitation?

Methods

Data Collection, Procedures, and Sample

Community-living individuals over age 18 with self-report of physician-diagnosed MS for at 

least 1 year were recruited. Following institutional review board approval, participants of a 

cross-sectional study were invited to participate. The data were collected in two ways. First, 

participants were recruited from an earlier cross-sectional study of 807 individuals with 

useable surveys from 936 people with MS who had been recruited from national MS Society 

chapters (see Stuifbergen et al., 2000 for a detailed review of the initial sample recruitment). 

Second, recruitment was initiated through newspaper advertisements in rural areas. A total 

of 749 persons were eligible for the longitudinal study after the cross-sectional study was 

complete, and 621 enrolled again (see Stuifbergen et al., 2006 for further details).

Measures

Functional Limitations—The Incapacity Status Scale (ISS; Kurtzke, 1984) was used as 

an indicator of function with MS. A self-report version of the ISS was used, each rated 

on a 5-point scale from 0 to 4 (higher scores indicate greater limitations), with a total 

score ranging from 0 to 64. Total scores on the ISS reflect total degrees of function, which 

is significantly related to ambulation performance (r = − . 49; Stuifbergen et al., 2016). 

Cronbach’s alpha ranged from .82 to .88 across the waves of measurement.

Diagnosis Duration—In the first wave, participants were asked the year they were 

diagnosed with MS, and from that date, the duration since disease diagnosis was calculated.

Age—Participants’ chronological age (in years) was reported at baseline.

Sex—Sex was coded as Sex = 1 if one self-identified as a woman and Sex = 0 if one 

self-identified as a man. The correlation between sex and age was r (604) = −.12 (p = . 004) 

and between sex and diagnosis duration was r (604) = −.14 (p = . 001).
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Data Analysis

Mixed-effects models were used to study individual differences in change in functional 

limitations. An introduction to this approach to analyzing longitudinal data is provided in 

Hedeker (2004). We started by fitting different growth models to characterize functional 

limitations across the 11-year period. Provisionally accepting the best-fitting model, we then 

tested the effects of sex, diagnosis duration, and age on aspects of change in functional 

limitation. Additionally, we studied individual differences in the within-person variability in 

responses about the individual’s fitted trajectories.

After identifying a growth model that described the individual’s central tendency of their 

functional limitation scores over time and accounting for the effects of sex, diagnosis 

duration, and age on aspects of change in the individual-level trajectories, the variance of 

the within-person residuals was studied according to sex, diagnosis duration, and age to test 

if these variables were related to the year-to-year variation in functional scores not captured 

by the fitted trajectory. Finally, we tested for heterogeneity of the variance in each random 

coefficient that defined the best-fitting growth model to test if sex, diagnosis duration, or 

age accounted for possible heterogeneity in aspects of change in functional limitation. Thus, 

whereas a typical application of a mixed-effects model is done to document the variances of 

the random coefficients to describe the extent to which individuals differ regarding aspects 

of change in a response variable, we tested whether the variances of the random coefficients 

were associated with sex, diagnosis duration, or age. The methods used to address these 

last two aspects of the longitudinal measures of functional limitation are described in Blozis 

(2022), Hedeker and Nordgren (2013), and Hedeker et al. (2008).

Growth Models—To study change, a decision was made on how to represent time. In 

studies of disease prognosis, disease duration is a common choice for the measure of time; 

conversely, age is often used in studies of disease incidence (Chubak et al., 2013). Diagnosis 

duration and age are naturally confounded because the two variables increase with time in 

parallel, so year of measurement was used to denote time, where year was within-person 

centered to the individual’s mean value of time (Blozis, 2008). Diagnosis duration and age, 

each centered on the sample means of 13.3 and 50.6, respectively, and sex was used as 

between-subject covariates to test their effects on aspects of change in functional limitation.

We applied four growth models representing different patterns of change: no change, linear 

change, quadratic change, and exponential change (equations are provided in Supplemental 

Table S1). The aim was to define a model that best described the individual-level trajectories 

as a function of the year of measurement. A general expression of a growth model can be 

given as

FLti = f βi, Y earti + εti,

where, for individual i, FLti is the functional limitation score at Year ti, and f ∙  denotes 

that the response is a function (e.g., a linear growth function) of Y earti and person-specific 

coefficients βi that are particular to a given growth function, plus the residual εti that is the 

difference between the individual’s observed score and the fitted response at Year ti. Across 
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years and individuals, the within-person residuals were assumed to be independent and 

normally distributed with a mean of 0 and variance σε
2. The residual variance summarizes the 

variability in functional limitation scores about the individual-level fitted trajectory. Between 

individuals, the random coefficients were assumed to be independent and multivariate 

normal with means equal to 0 and variance–covariance matrix Φ. As typically done when 

fitting a mixed-effects model, the matrix Φ was unstructured to allow the variances and 

covariances of the random coefficients to be estimated without constraints. At this stage 

of the analyses, the within-person residual variance and the variance–covariance matrix 

of the random coefficients were assumed to be homogeneous across individuals. These 

assumptions are later relaxed. Using the Akaike information criterion (AIC) and Bayesian 

information criterion (BIC) to assess relative fit between models, the one with the smallest 

values was provisionally taken as best in describing change.

Testing the Effects of Sex, Diagnosis Duration, and Age on Functional Limitation

The research questions were tested by including sex, diagnosis duration, and age as 

predictors of the (a) random coefficients that defined growth in functional limitation, (b) 

within-person residual variance, and (c) variances of each random coefficient of the selected 

growth model.

Missing Data.—For some participants, functional limitation scores were missing in a 

monotonic pattern such that a participant missed a year of measurement and provided 

no data in subsequent years. For others, data were missing intermittently such that a 

measurement year was missed, but the individual provided data in one or more subsequent 

years. Inference from the models assumes that intermittently missing data are ignorable. To 

account for the timing of attrition in which a participant stopped their participation entirely, 

a variable—hereafter called maxyear—was created and was equal to the last year that the 

individual participated in the study (mean = 9 years, range = 1–11 years). Coefficients of the 

growth model were regressed on this variable.

Estimation.: Maximum likelihood (ML) estimation was carried out using SAS version 9.4 

and the NLMIXED procedure for nonlinear mixed-effects models. Tests were two-tailed 

with α = .05. In fitting a nonlinear mixed-effects model, it is generally recommended that 

starting values for parameter estimates be provided. To do this, we started by fitting a model 

with initially fixed growth coefficients and used values that seemed reasonable based on 

descriptive statistics and plots of the functional limitation scores. We then added random 

effects, starting with one and incrementally adding one more as specified for a given model. 

Starting values for the effects of covariates were set equal to 0. Estimates were obtained 

using adaptive Gaussian quadrature.

Results

Sample

The analyses reported here are based on 606 persons’ data; 15 of the original 621 were 

misdiagnosed and excluded from analysis. Of these 606 persons, 83% identified as women, 

and 93% were non-Hispanic White. At the start of the longitudinal study, 72% were married, 
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85% completed high school, and 25% were employed full-time. On average, participants 

were 50.6 years old (SD = 10.3, minimum–maximum = 21–81 years) with a mean of 13.4 

years since diagnosis (SD = 7.44, minimum–maximum = 1–50 years). Estimated correlation 

between age and years since diagnosis was r(604) = .48 (p < .001). Response rates were 63% 

in the 11th year.

Descriptive statistics of functional limitation scores by year of measurement are in Table 1. 

Supplemental Figure 1 displays functional limitation scores for all participants across the 

years. Because individual patterns of change are difficult to see in the plot that includes 

data for all individuals, Supplemental Figure 2 shows scores for a subset of nine arbitrarily 

selected individuals. Supplemental Figure 3 displays the fitted curves based on the four 

growth functions applied, with curves representing the fitted trajectories of the typical 

individual. Indices of fit for the four growth models considered are in Table 2. Relative to 

the other growth models, a quadratic growth model provided the best overall fit and was 

provisionally taken as the best-fitting model:

FLti = β0i + β1iY ear + β2iY earti
2 + εti,

where, for individual i, FLti is the functional limitation score at Year ti, β0i is the expected 

functional limitation level at Year ti, β1i is the instantaneous rate of change at Year ti, and β2i

is the acceleration rate. As discussed earlier, Year was person-centered about the individual’s 

mean years in the study, so the model’s intercept and linear slope are interpreted as aspects 

of functional limitation at a person’s midpoint of participation in this observational study. 

If change in functional limitation follows a quadratic growth function, functional limitation 

scores tended to increase with time at a nonconstant rate of change.

To account for the effects of attrition, the quadratic growth model was extended to include 

maxyear (centered at the sample mean of 9 years) as a predictor of the model’s intercept, 

the linear and quadratic slopes, and the within-person residual variance. For example, the 

person-level intercept was modeled as

β0i = β00 + β01maxyeari + b0i,

where β00 is the expected functional limitation level for individuals whose last year in the 

study was at the sample mean of 9 years, β01 is the effect of the timing of attrition on 

the intercept, and b0i is the residual of the intercept conditional on the timing of attrition. 

To model the within-person residual variance as a function of the timing of attrition, an 

exponential function was used (cf: Hedeker et al., 2008 and Hedeker & Nordgren, 2013):

σεi
2 = τ0 + τ1maxyeari ,

where the subscript I in σεi
2  indicates that the variance varies by individual. When 

exponentiated, τ0 is the residual variance for an individual whose last year of participation 

was equal to the sample mean, and τ1 is the effect of maxyear on the variance. A positive 
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value of τ1 would indicate a greater degree of year-to-year variation in the residuals for 

those who remained enrolled longer in the study, and a negative value of τ1 would indicate 

a lower degree of variation in the residuals for those who remained enrolled for less time. 

Conditional on maxyear, individual differences in all three growth coefficients were evident 

(supported by indices of model fit and deviance tests that compared models with and without 

random coefficients), suggesting significant individual differences in aspects of change in 

functional limitation.

Estimates from the growth model are presented in two tables: Fixed effects estimates are 

in Table 3 (see Model 1), and the within-person residual variance and the variances of 

the random coefficients are in Table 4 (see Model 1). For the typical individual who 

participated in the mean number of study years, functional limitation was estimated to 

be 19.4 (95% CI: 18.6, 20.1) with an instantaneous rate of increase of 0.47 (95% CI: 

0.38, 0.57) and acceleration rate of 0.06 (95% CI: 0.02, 0.11). Longer study enrollment 

corresponded to lower functional limitation levels, slower instantaneous rates of change, 

and reduced acceleration rates. This suggests that those who dropped from the study 

earlier had higher levels overall and increased their perceptions of functional limitation 

with time. The typical within-person residual variance was estimated to be 10.1, which 

varied according to maxyear (τ1 = − 0.08 se = 0.02 , 95 % CI: − 0.11, − 0.05]), indicating 

that longer study enrollment corresponded to lower year-to-year variability in scores about 

the fitted trajectory. In the next data analysis stage, the quadratic growth function was 

extended by including sex, diagnosis duration, and age as predictors in the three main parts 

of the model. Specifically, these variables were used as predictors of (a) each coefficient of 

the growth function to test their associations with functional limitation levels and change, 

(b) the within-person residual variance to test their associations with the year-to-year 

variation in observed functional limitation levels about everyone’s fitted trajectory, and (c) 

the between-person random coefficient variances. Estimates from fitting a model are in the 

second column of estimates (Model 2) in Tables 3 and 4.

Testing the Effects of Sex, Diagnosis Duration, and Age on Changes in 
Functional Limitation—Question 1 was answered by testing the effects of sex, diagnosis 

duration, and age on the intercept, instantaneous rate of change, and acceleration rate, 

adjusting for the effects of maxyear. For instance, the level-2 regression for the intercept was

β0i = β00 + β01maxyeari + β02sexi + β03DDi + β04agei + b0i .

Similar equations were specified for the random linear and quadratic 

slopes. As shown in Table 3, the estimated effects of diagnosis duration 

(β03 = 0.15, se = 0.06, 95% CI:[0.03, 0.27]) and age (β04 = 0.09, se = 0.04, 95% CI:[0.01, 0.18]) 
on the intercept were positive and significant, suggesting that functional limitation levels 

were higher for those with a relatively greater number of years since diagnosis and older 

ages. The effect of sex on the intercept was not significant, suggesting no difference in 

the expected functional limitation levels between men and women. The estimated effects of 

diagnosis duration and age on the instantaneous linear rate of change were not statistically 

significant; however, the effect of sex was (β12 = − 0.27, se = 0.08, 95% CI:[ − 0.43, − 0.10]), 
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indicating instantaneous rate of change tended to be lower for women than men. Sex, 

diagnosis duration, and age were not related to acceleration rate.

Testing the Effects of Sex, Diagnosis Duration, and Age on Year-to-Year 
Variability in Functional Limitation—Question 2 was answered by testing the effects of 

sex, diagnosis duration, and age on the within-person variance. Variance was modeled—with 

maxyear—using an exponential function with sex, diagnosis duration, and age as predictors:

σεi
2 = τ0 + τ1maxyeari + τ2sexi+τ3DDi + τ4agei .

When exponentiated, τ0 is the residual variance for a man whose last year of participation, 

diagnosis duration, and age are equal to the respective sample means. As shown in the upper 

part of Table 4, the effects of sex (τ2 = 0.15, se = 0.065, 95% CI:[0.023, 0.28]) and diagnosis 

duration (τ3 = 0.009, se = 0.004, 95% CI:[0.001, 0.017]) were significant, indicating that the 

degree of year-to-year variation in the residuals about the individual’s fitted trajectory 

tended to be greater for women and to correspond to a greater number of years since 

diagnosis.

Testing the Effects of Sex, Diagnosis Duration, and Age on Variation in the 
Random Growth Coefficients—Question 3 was answered by testing the effects of 

sex, diagnosis duration, and age on the variances of the random intercept and linear 

and quadratic slopes (after statistically adjusting for the effects of covariates on each 

coefficient, as described earlier in the report relating to Question 1). The variance of each 

random coefficient represents the extent to which individuals differ regarding that coefficient 

after adjusting for the effects of covariates. Heterogeneity of variance of each conditional 

coefficient was tested by including sex, diagnosis duration, and age as predictors of the 

corresponding variance—adjusting for the effect of maxyear. For instance, the variance of 

the random intercept was modeled as (cf: Hedeker & Nordgren, 2013):

ϕb0
2 = exp α00 + α01maxyeari + α02sexi + α03DDi + α04agei ,

where α00, when exponentiated, is the variance of the (conditional) random intercept 

for a man whose maxyear, diagnosis duration, and age are equal to their respective 

sample means. The variances of the random linear and quadratic slopes followed similar 

equations. As shown in the lower part of Table 4, only one effect of age—specifically as 

a predictor of the random quadratic slope (α24 − 0.041, se = 0.018, 95% CI:[ − 0.078, − 0.006])

—was significant, indicating a greater degree of between-person variation in the acceleration 

rates for older ages. Older individuals were increasingly different from each other in their 

acceleration rates, whereas younger individuals tended to be relatively similar in their rates 

of acceleration.

Discussion

The sample of people with MS studied for over a decade contributes to an understanding 

of trajectories of function for people with MS across cohorts, timing of onset, and sex, 
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lending critical knowledge for men and women aging with MS, as well as both scientists and 

providers (Hirschmann, 2012; Yaghmaian & Miller Smedema, 2019). In general, if aging 

with MS were purely a process of functional decline, the variability found in the sample 

would not be significant within and between men and women, and the effects of diagnosis 

duration and age would not be variable. The biopsychosocial variables predicted distinct 

trajectories, as proposed in Figure 1, in precise and important ways.

Research questions were asked using advanced statistical analyses to control and predict 

time-dependent and -relevant measures, which will be further discussed before advancing 

the findings. Of importance, age and the diagnosis duration are time-dependent variables 

that progress together. To capture variation in progression of function, the variability in 

diagnosis duration of MS and age among individuals at the onset of the study was a 

statistical advantage. The variability in duration of MS and age as the individuals lived with 

their functional limitation provided the information for the study of time as indicators of 

between-subject change in function using mixed-effects models (Ram et al., 2010).

The three research questions led to knowledge of levels and change in function, which was 

variable over the 11-year period. It was not a trajectory of decline with age and diagnosis 

duration for men and women. More precisely, the quadratic model clarified changes in 

perceived functional limitation levels for individuals who differed in sex, age, and diagnosis 

duration. The typical individual with MS perceived that their function worsened with time 

at a nonconstant rate. In our analysis of between-individual differences, our biopsychosocial 

model included sex and diagnosis duration theorized to intertwine to influence function 

trajectories. The general findings support assertions.

Men in the study had a higher instantaneous rate of change in their scores, meaning they 

had incremental change scores estimated to be higher (e.g., worse function) than women’s 

incremental change scores. This instantaneous rate of change was estimated at each person’s 

midpoint of participation in the study. Sex was also predictive of the year-to-year variation 

in trajectories after accounting for differences in functional limitation trajectories due to 

sex, diagnosis duration, and age. Using a quadratic growth model, women in the study had 

greater individual variation in their residuals about their fitted trajectories.

The intercept of the growth model (i.e., function at one’s midpoint of participation in the 

study) was predicted by diagnosis duration. Functional limitation scores were significantly 

higher given a greater number of years since diagnosis. Diagnosis duration also predicted 

the individual variation in the year-to-year residuals about the fitted trajectories, indicating 

that after accounting for individual differences in aspects of change in functional limitation 

over time, individuals whose diagnosis duration was relatively high varied most in functional 

limitation from year to year.

The intercept of the growth model (i.e., function at one’s midpoint of participation in the 

study) was predicted by age. Functional limitation scores were higher for people who were 

older. Age predicted the random quadratic slope, indicating a greater degree of between-

person variation in acceleration rates for older people compared with younger people with 

MS.
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The variation in function is consistent with the extant literature suggesting that people 

should be valued for the variation in their ability to function in society with multiple 

biopsychosocial factors influencing their outcomes (Rice et al., 2021), including age 

(Neugarten, 1970), diagnosis duration (Chou et al., 2020), and sex (Yaghmaian & Miller 

Smedema, 2019). The hypothesized importance of accommodations in the environment 

(Harrison et al., 2010; IOM, 1997) and comorbidities/injuries were not directly measured 

but remained essential considerations. The within-person variability among women leads 

to questions about the potential fluctuating influences on function that need further 

investigation.

Two assertions based on the literature on age and diagnosis duration were crafted for 

consideration. These were based on the premise that age when first diagnosed and 

chronological age were important for predicting trajectories of function (Cottrell et al., 

1999; Scalfari et al., 2010). Indeed, the trajectory of functional limitation was predicted by 

both age and diagnosis over the 11-year study. Variations in outcomes at later age did not 

follow pathways established earlier in the disease; this could be due to greater variability 

in inflammation with age (Chou et al., 2020), leading to disease dissolution (Scalfari et al., 

2010; Tutuncu et al., 2013).

The between-person instantaneous rates of change in functional limitation according to 

the fitted quadratic model were similar for men and women and those with similar 

diagnosis duration. Between-person differences due to age were found, with an increase in 

differences for older ages. Variability in function increased among older individuals relative 

to younger individuals. The finding that age predicted a greater degree of between-person 

variation could be due to increased susceptibility to nondisease related perceptions of age 

(Levy, 2017) that ultimately change function quickly and reversibly (e.g., falls) as well as 

comorbidity (Chou et al., 2020).

This finding leads us to consider the importance of a feminist rehabilitation approach 

to the care of people with MS. Multiple risks for decline in function exists in the 

environment; there is not one best rehabilitation approach (Inouye et al., 2007) based 

upon sex that will improve intervention outcomes for MS. If disease dissolution were 

possible, it would not be due to diagnosis duration but most likely triggered at an older 

age, which requires aging. Ensuring the possibility for best function without decline while 

accepting the person at their current capacity is recommended. Differences in the capacity 

for variation in function might be due to inflammatory processes or environmental barriers 

that can have individual differences, especially in women. A longitudinal, biological study 

of inflammatory processes is yet to be done but is needed.

Limitations include few racial minorities and more women than men in the study. We cannot 

make inferences about the population of people with MS. Moreover, although these numbers 

reflect the demographic population of people with MS, our future goal is to make studies 

capture the nature of illness experience for all subgroups over time. Finally, the study was 

started a decade ago, and better measures and predictors may exist.
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Conclusion

People with MS had a trajectory of function explained best by a quadratic model. Women 

had more variability in their individual scores, and men had worse changes in their 

individual scores with time. Age was predictive of the individual trajectories, specifically 

concerning the acceleration in functional limitation that was faster for those older. The 

pathways of function were best predicted along two pathways closer to diagnosis. The 

variability in function with increasing age supported that disease dissolution may occur, but 

not all people age into a stable or improved function. Feminist approaches to rehabilitation 

might be helpful for both sexes.
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Figure 1. 
Function with MS over 11 years as moderated by Sex, Age, and Diagnosis Duration
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Table 1

Summary Statistics of Functional Limitation Scores, Diagnosis Duration and Age by sex

Year 1 2 3 4 5 6 7 8 9 10 11

Women n 502 455 438 418 397 395 371 367 365 348 325

%1 100 91 87 83 79 79 74 73 73 69 65

Men n 104 88 81 80 79 77 68 71 69 64 59

%1 100 85 78 77 76 74 65 68 66 62 57

Functional Limitations

Women Mean 18.0 18.0 18.1 18.0 17.8 18.1 17.8 18.0 18.3 17.8 18.3

Median 17.0 17.0 16.0 17.0 16.0 17.0 17.0 17.0 17.0 17.0 17.0

SD 9.9 9.8 9.5 9.5 9.7 9.8 9.6 9.4 9.8 9.6 10.0

Min 1.0 0 0 0 0 0 0 0 0 0 1.0

Max 54.0 49.0 46.0 45.9 45.9 51.4 53.7 43.7 48.0 50.1 49.1

Men Mean 20.1 20.2 19.3 20.0 18.9 20.2 19.6 20.8 19.9 20.3 20.8

Median 19.0 19.0 19.0 21.0 19.0 20.3 21.0 21.0 21.0 19.5 19.4

SD 10.8 10.9 10.1 10.5 9.9 10.8 10.6 10.6 9.7 10.4 10.5

Min 0 1.0 0 1.0 0 3.0 1.0 1.0 1.0 1.0 3.0

Max 48.0 48.0 49.1 45.0 44.0 46.9 44.0 45.0 44.0 45.0 46.0

Age

Women Mean 50.0

Median 50

SD 10.3

Min 21

Max 81

Men Mean 53.2

Median 52

SD 9.7

Min 29

Max 74

Diagnosis Duration

Women Mean 12.9

Median 12

SD 7.1

Min 1

Max 49

Men Mean 15.6

Median 14
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Year 1 2 3 4 5 6 7 8 9 10 11

SD 8.4

Min 5

Max 43

Note: 

1
% is calculated within group (e.g., 91% of women responded in Year 2).
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Table 2

Indices of Model Fit and Comparisons between Growth Models (n = 606)

Growth Function q −2lnL AIC BIC Model comparison X2 df p value

1 No growth 3 31099 31105 31118

2 Linear 6 30086 30098 30124 1 v. 2 1013(3) <.001

3a Quadratic 10 30000 30020 30064 2 v. 3 86(4) <.001

4 Exponential 10 30041 30059 30099

3b Quadratic 14 29880 29908 29970 3a v. 3b 119.6(4) <.001

Note. q = the number of model parameters; −2lnL = −2 times the log-likelihood; AIC = Akaike information criterion; BIC = Bayesian information 
criterion. Deviance tests are reported for nested models. AIC and BIC may be used to compare all models from each other, with lower values 
indicating relatively better fitting models. Models 1, 2, 3a and 4 exclude the effect of the last year of observation (maxyear). Model 3b includes 
the effect of the last year of observation as a predictor of all growth coefficients and the within-person residual variance. Maximum likelihood 
eestimation was carried out using adaptive Gaussian quadrature.
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Table 3

Estimated Fixed Effects of the Quadratic Growth Models (n = 606)

Model 1 Model 2

Fixed Effect MLE (SE) 95% CI MLE (SE) 95% CI

Intercept, β00 19.4(0.39) [18.6, 20.1] 20.5(0.96) [18.6, 22.3]

maxyear, β01 −0.95 [−1.2, −0.71] −0.91(0.14) [−1.2, −0.64]

sex, β02 −1.3(1.1) [−3.3, 0.78]

DD, β03 0.15(0.06) [0.03, 0.27]

age, β04 0.09(0.04) [0.01, 0.18]

Linear slope, β10 0.69(0.09) [0.52, 0.87]

maxyear, β11 0.47(0.05) [0.38, 0.57] −0.12(0.03) [−0.17, −0.06]

sex, β12 −0.27(0.08) [−0.43, −0.10]

DD,β13 −0.001(0.005) [−0.01, 0.01]

age, β14 0.002(.004) [−0.01, 0.01]

Quadratic slope, β20 0.06(0.02) [0.02, 0.11] 0.066(0.025) [0.016,0.12]

maxyear, β21 −0.03(0.01) [−0.05, −0.01] −0.024(0.011) [−0.045,−0.003]

sex, β22 −0.012(0.018) [−0.05,0.02]

DD,β23 −0.000(0.001) [−0.002,0.002]

age, β24 0.001(0.001) [−0.001,0.002]

−2lnL 29880 29775

AIC 29908 29851

BIC 29970 30019

Note. DD= diagnosis duration; MLE = maximum likelihood estimates; SE = standard error. 95% CI = the estimated 95% confidence interval.
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Table 4

Estimated Within- and Between-Person Variances and Covariances of the Quadratic Growth Models (n = 606)

Model 1 Model 2

Within-person variance MLE(SE) 95% CI MLE(SE) 95% CI

τ0 2.31(0.03) [2.25, 2.37] 2.11(0.06) [1.98, 2.23]

maxyear, τ1 −0.08(0.02) [−0.11, −0.05] −0.045(0.016) [−0.076, −0.013]

sex, τ2 0.15(0.065) [0.023, 0.28]

DD, τ3 0.009(0.004) [0.001, 0.017]

age, τ4 −0.001(0.003) [−0.006, 0.004]

Between-person variances

Intercept, β0i

α00 4.47(0.06) [4.35, 4.59] 4.5(0.14) [4.2, 4.8]

maxyear, α01 −0.069(0.019) [−0.11, −0.03]

sex, α02 −0.099(0.15) [−0.40, 0.20]

DD, α03 0.02(0.01) [−0.003, 0.035]

age, α04 −0.010.01 [−0.025, 0.003]

Linear slope, β1i

α10 −0.96(0.08) [−1.13, −0.80] −0.61(0.21) [−1.02, −0.20]

maxyear, α11 −0.24(0.05) [−0.34, −0.14]

sex, α12 −0.004(0.22) [−0.45, 0.44]

DD, α13 −0.02(0.01) [−0.05, 0.01]

age, α14 0.02(0.01) [−0.004, 0.033]

Quadratic slope, β2i

α20 −4.7(0.16) [−5.0, −4.4] −3.2(0.35) [−3.9, −2.6]

maxyear, α21 −0.61(0.10) [−0.82, −0.41]

sex, α22 −0.50(0.35) [−1.2, 0.18]

DD, α23 0.002(0.028) [−0.05, 0.06]

age, α24 −0.041(0.018) [−0.078, −0.006]

Calculated variance estimates

Within-person variance, σεi
2 10.1 8.2

Intercept variance, ϕb0
2 87 91

Linear slope variance, ϕb1
2 0.38 0.54

Quadratic slope variance, ϕb2
2 0.009 0.039

−lnL 5836.6 29775

AIC 5864.6 29851
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Model 1 Model 2

Within-person variance MLE(SE) 95% CI MLE(SE) 95% CI

BIC 5926.3 30019

Notes: AIC = Akaike information criterion; BIC = Bayesian information criterion; DD= diagnosis duration. The calculated variance estimates are 

obtained by exponentiating the intercept of the corresponding variance model. For example, σεi
2 = exp τ0 .
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