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Abstract 

Precariously housed and homeless individuals are exposed to adverse factors negatively 

impacting neurocognitive functioning. Intraindividual variability (IIV) across 

neuropsychological tests (i.e., IIV dispersion) has been used as a marker of frontal system 

pathology. Increased IIV dispersion has been associated with worse cognitive functioning, 

everyday functioning, and mortality in a range of older adult and clinical populations. The 

current study was the first to examine IIV dispersion as a predictor of functioning and mortality 

in persons who are homeless or precariously housed. Participants were 407 community-dwelling 

adults, followed for up to 12 years. Neurocognition was assessed at baseline and IIV dispersion 

was derived using a battery of standardized tests. Functional outcomes (social, physical) were 

obtained at baseline and last follow-up. Mortality was confirmed with coroner’s reports and 

hospital records (N = 103 deaths). Linear regressions were used to predict current and long-term 

social and physical functioning from IIV dispersion. Cox regression models were used to 

examine the relation between IIV dispersion and mortality. Covariates included global cognition, 

age, and education. Greater IIV dispersion predicted worse current physical functioning (B = -

0.37 p = .021), while greater global cognition predicted better current (B = 0.22, p = .012) and 

long-term social functioning (B = 0.42, p < .001). Global cognition, but not IIV dispersion, 

predicted mortality in individuals less than 55 years old (HR = 0.50, p = .013). IIV dispersion 

may be a unique marker of emergent physical health dysfunction in precariously housed adults 

and may be best used in conjunction with traditional neuropsychological indices. 

Keywords: intraindividual variability dispersion, global cognition, psychosocial 

functioning, physical functioning, mortality, homelessness 
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Introduction 

Precariously housed individuals living in single-room occupancy hotels (SROs) represent 

a marginalized group who are at risk for homelessness. Critically, precariously housed 

individuals are at a greater risk of developing mental and physical health problems compared to 

the general population (Gutwinski et al., 2021). Moreover, prevalence rates of substance use 

disorders are notably higher in this population (Fazel et al., 2008; Strehlau et al., 2017). These 

individuals also experience a high rate of multimorbidity (i.e., the presence of two or more 

chronic conditions) characterized by increased rates of psychosis (42%), HIV infection (21%), 

traumatic brain injury (TBI; 53%), alcohol dependence (58%), and substance dependence (54%) 

(Fazel et al., 2014). These findings are in line with other studies describing homeless populations 

in Canada (e.g., Hwang et al., 2009; O’Campo et al., 2016).  

The multitude of adverse factors that precariously housed individuals experience 

negatively impact neurocognitive functioning (Mahmood et al., 2021; Roy et al., 2020). The 

estimated prevalence of any neurocognitive impairment is as high as 80% (Spence et al., 2004), 

and global cognitive impairment has been reported in approximately 25% of homeless 

individuals (Depp et al., 2015). Selective deficits in attention (Burra et al., 2009), executive 

functioning (Hurstak et al., 2017), verbal memory (Ennis et al., 2015; Stergiopoulos et al., 2015) 

as well as clusters of domain-specific deficits (Gicas et al., 2014) have also been observed. In 

addition to impaired neurocognitive functioning, this population experiences poor life outcomes, 

such as impaired psychosocial functioning (Hwang et al., 2009; O’Campo et al., 2016) and 

premature mortality (Aldridge et al., 2018). Neurocognitive functioning plays an important role 

in psychosocial functioning in psychiatric populations (Fett et al., 2011; Harvey, 2010; 
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Kalechstein & van Gorp, 2007) and may be especially critical for precariously housed 

individuals who face numerous social and economic barriers in their daily lives (Stone et al., 

2019).  

Neurocognitive functioning is important for adequate psychosocial and daily functioning 

(Fett et al., 2011; Gorman et al., 2009), yet few studies have explicitly examined the relationship 

between objective cognitive functioning and functional outcomes in precariously housed 

populations. There is some evidence that better verbal memory (Gicas et al., 2021; Stergiopoulos 

et al., 2011) and executive functioning (Gicas et al., 2021; Schutt et al., 2007; Stergiopoulos et 

al., 2011) are associated with better functional outcomes (e.g., community functioning and 

performance-based functional capacity) in homeless and precariously housed adults. Moreover, 

worse composite cognition has been shown to be associated with poorer performance-based 

functional capacity (Mahmood et al., 2021). In contrast, one study examined whether subgroups 

characterized by distinct neurocognitive profiles could predict social and role functioning in a 

sample of precariously housed individuals and found no meaningful differences across the 

subgroups (Gicas et al., 2014). Taken together, results across a limited number of studies are 

mixed, and it is unclear whether individual neurocognitive domains or composite neurocognitive 

indices better predict functional outcomes in this population.  

 Investigations regarding neuropsychological functioning have predominantly involved 

mean-based measures. Mean performance measures may conceal true intraindividual variability 

which is important for characterizing neurocognitive impairments in clinical populations 

(Wojtowicz et al., 2012). However, other methods to investigate neuropsychological functioning 

have been proposed. Particularly in the aging literature, cognitive intraindividual variability (IIV) 

has been established as a useful index of neurocognitive functioning (Halliday et al., 2019; 
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Hilborn et al., 2009; Holtzer et al., 2008). IIV involves the study of within-person differences in 

neurocognitive functioning and has been used as a marker of frontal system pathology (Hill & 

Rohling, 2011; Holtzer et al., 2008). It has been proposed that variability in performance on 

behavioural tasks may be an indicator of central nervous system (CNS) dysfunction, and 

therefore IIV in cognitive functioning may be a useful marker in this regard (Hultsch et al., 

2008). Evidence for the relationship between IIV and CNS dysfunction comes from studies 

demonstrating that variability in neuropsychological test performance is associated with 

conditions characterized by neurological disturbance, such as Parkinson’s disease (e.g., Burton et 

al., 2006), TBI (e.g., Stuss et al., 1994), and dementia (e.g., Gordon & Carson, 1990). Studies 

have also suggested that variability in neurocognitive performance may be a source of influence 

driving a variety of age-related cognitive changes (Lindenberger & von Oertzen, 2006). 

Although cognitive IIV has not been examined in homeless and precariously housed adults, it 

has been proposed that cognitive decline may occur prematurely and may resemble cognitive 

changes observed in older adults (Gicas et al., 2020). Thus, IIV may provide new insights into 

neurocognitive functioning and other clinical outcomes commonly observed in homeless and 

precariously housed populations.  

IIV can be defined in several different ways. First, it can be represented as variability on 

repeated trials of a single cognitive task administered over a short period of time. This has been 

conceptualized as IIV inconsistency in cognitive performance (Vance et al., 2021). Increased IIV 

inconsistency has been associated with poorer performance on a range of cognitive tasks in 

healthy older adults (Benton & Blackburn, 1957; Hultsch et al., 2000; Hultsch & MacDonald, 

2004). Cross-sectional studies have shown that IIV inconsistency increases with age (West, 

2001), dementia (Hultsch et al., 2000; Knotek, 1990), and TBI (Hetherington et al., 1996; Stuss 
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et al., 1994). Moreover, it has been proposed that IIV inconsistency represents an indicator of 

processing efficiency that may provide unique information about cognitive functioning beyond 

that provided by indices of average performance (Hultsch et al., 2005).   

Second, IIV can be defined as variability in performance across various 

neuropsychological tests administered in a single session. This measure of IIV has been 

conceptualized as a measure of dispersion in performance (Vance et al., 2021). IIV dispersion is 

expected in the general population (Matarazzo et al., 1988; Matarazzo & Prifitera, 1989) as it 

reflects individuals’ relative strengths and weaknesses in cognitive performance (Holtzer et al., 

2008). However, greater IIV dispersion has been associated with increases in age, poor cognitive 

functioning (Hilborn et al., 2009), and dementia (Holtzer et al., 2008). For example, a 

longitudinal population-based study of individuals 70 years and older demonstrated that being in 

a higher IIV dispersion group (i.e., highest quartile of IIV dispersion) was associated with 2.25 

times the risk of incident dementia compared to being in the lower IIV dispersion group (i.e., 

third quartile and lower) (Holtzer et al., 2008). Critically, the prediction of dementia was 

significantly improved by adding IIV dispersion as a predictor compared to using mean 

performance on the tests alone, suggesting that IIV dispersion may provide unique information 

about neurocognitive functioning that is complementary to traditional indicators of performance 

on neuropsychological tests, and may be a useful clinical marker of decline in cerebral integrity.  

Measures of cognitive IIV have also been shown to be good predictors of functional 

outcomes in a variety of clinical populations. Studies have shown that greater IIV inconsistency 

is associated with poorer functional capacity in a range of everyday activities (Burton et al., 

2009; Hultsch et al., 2008). For instance, Burton and colleagues (2009) examined a sample of 

community-dwelling older adults who completed a series of reaction time (RT) tasks as well as 
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the Everyday Problems Test (Willis & Marsiske, 1993), a measure of everyday competence. 

After accounting for age, education, and mean performance, inconsistency in RT accounted for a 

significant proportion of the variance in everyday functioning. Studies have also demonstrated 

that higher IIV dispersion is predictive of poorer everyday functioning, such as poorer 

medication adherence (Morgan et al., 2011; Thaler et al., 2015) and impairment in activities of 

daily living (Morgan et al., 2012). Thaler and colleagues (2015) investigated whether IIV 

dispersion over time predicts functional impairments in a sample of individuals living with HIV. 

After controlling for mean performance scores, increased IIV dispersion was negatively 

associated with medication adherence. Taken together, there is evidence that measures of IIV are 

not only associated with worse neurocognitive functioning and cognitive decline but are also 

important correlates of real-world, everyday functioning.  

Increased IIV inconsistency and dispersion may also predict risk of mortality as evidence 

has demonstrated accelerated cognitive decline in proximity to death (MacDonald et al., 2011; 

Wilson et al., 2003, 2007). A systematic review investigated whether RT inconsistency can 

predict cognitive change in normal ageing, and age-related outcomes, including cognitive 

impairment and death (Haynes et al., 2017). While increased IIV inconsistency over time was 

associated with normal ageing, additional increases in inconsistency were shown to be a risk 

factor for future cognitive impairment and mortality. There is also longitudinal evidence of an 

association between increased RT inconsistency and proximity to death (MacDonald, 2002). 

Similarly, Anderson and colleagues (2018) examined whether IIV dispersion over time (i.e., up 

to 14 years) predicted more severe cognitive and functional impairment, as well as death, in a 

cohort of individuals living with HIV. The authors found that greater IIV dispersion at the last 

available testing session was predictive of mortality. Thus, longitudinal evidence of a systematic 
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association between cognitive variability and death provides further evidence that IIV dispersion 

may be an early behavioural marker of neurological dysfunction, functional decline, and risk of 

mortality. 

Current Study 

 Since neurocognitive impairment and an increased risk of premature mortality is common 

among homeless populations, IIV may be a superior approach to detecting early and subtle 

neurocognitive impairments that are not readily captured by conventional mean-based 

neuropsychological measures. The current study used data from an ongoing 20-year 

observational study investigating multimorbidity in precariously housed individuals recruited 

from an impoverished neighbourhood in Vancouver, Canada (the Hotel Study; Honer et al., 

2017; Vila-Rodriguez et al., 2013). The availability of comprehensive baseline 

neuropsychological assessments enabled the calculation of IIV dispersion and the subsequent 

prediction of baseline and distal outcomes in this population, who may be prone to the effects of 

premature or accelerated ageing (Gicas et al., 2020). Thus, the objective of the current study was 

to examine IIV dispersion as a unique index of neurocognitive contributions to functional 

outcomes and premature mortality in a large sample of precariously housed individuals. It was 

hypothesized that greater IIV dispersion would be associated with (i) poorer current (i.e., 

baseline) and long-term (i.e., up to 12 years) psychosocial functioning and (ii) increased risk of 

premature mortality.  

Methods 

Participants 

Four hundred and eighty-four precariously housed individuals were recruited from four 

different SRO hotels, from outside the downtown community courthouse, and from the hospital 
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emergency department located in the Downtown Eastside neighbourhood of Vancouver, Canada. 

Participants were recruited as part of the Hotel Study between November 2008 and November 

2021, with full details described elsewhere (Honer et al., 2017; Vila-Rodriguez et al., 2013). 

Participants were homeless or lived in below-standard housing, defined as falling short in at least 

one of the following areas: adequacy (not in need of repairs, according to residents), affordability 

(costs <30% of before-tax household income), or suitability (makeup of bedrooms and 

household). Most SRO hotels in the Downtown Eastside are in obvious need for repairs, rents 

range from 40% to 65% of the income provided by social service benefits and comprise single 

rooms of 80 to 120 square feet. Toilet and shower facilities are typically shared by 10 to 15 

tenants. SRO hotels were over 75 years old and had evidence of bedbug, cockroach, and mouse 

infestation (Vila-Rodriguez et al., 2013). 

Clinical assessments, baseline neurocognitive functioning and psychosocial functioning 

were assessed for all participants at study enrolment. Two measures of psychosocial functioning 

(the Social and Occupational Functioning Assessment Scale (SOFAS; Goldman et al., 1992) and 

the Role Functioning Scale (RFS; Goodman et al., 1993)) were conducted at six-month intervals, 

and one measure (the 36-item Short Form Survey Instrument (SF-36; Ware Jr., 1999)) was 

administered monthly. Survey instrument scores were obtained at participants’ baseline 

assessments and at their last available follow-up assessment to represent baseline and long-term 

psychosocial functioning, respectively. Individuals 19 years of age or older who were fluent in 

English were eligible for study inclusion. All participants provided written consent and received 

financial compensation for their study involvement. The study was approved by the ethics boards 

of the University of British Columbia and Simon Fraser University. Primary analyses of the data 

were approved by the York University research ethics board. 
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Materials and Procedure 

Neurocognitive Assessment 

Participants completed neuropsychological tests assessing verbal learning and memory, 

sustained attention, mental flexibility, and cognitive control. Tests were administered by trained 

research assistants at study enrolment. Premorbid IQ was measured using the Wechsler Test of 

Adult Reading (WTAR; Wechsler, 2001). Verbal memory was assessed using the Hopkins 

Verbal Learning Test Revised (HVLT-R; Brandt & Benedict, 2001) immediate recall total score. 

Sustained attention was measured using the signal detection (A’) score from the Rapid Visual 

Information Processing (RVP) subtest of the Cambridge Neuropsychological Test Automated 

Battery (CANTAB; Fray et al., 1996). Response inhibition and processing speed were measured 

using the word-trial, color-trial, and the color-word interference trial of the Stroop Color-Word 

Test. The total adjusted errors score from the Intra-Dimensional Extra-Dimensional (IDED) 

subtest of the CANTAB (Fray et al., 1996) measured mental flexibility.  

Following the neurocognitive assessment, the examiner subjectively rated the validity of 

each measure on a scale ranging from one (clearly invalid) to five (clearly valid). Invalid ratings 

were provided for several reasons, such as participation intoxication, extreme fatigue, inability to 

adequately comply with test instructions, frustration, or equipment failure. Data rated as four 

(most likely valid) or higher were retained for analyses. 

Clinical Assessment 

Clinical assessments were conducted by trained research assistants, psychiatrists, and/or 

neurologists. A diagnostic interview with the Mini-International Neuropsychiatric Interview 

(Sheehan et al., 1998) and a mental status examination were conducted by a psychiatrist to assess 

for psychiatric and substance dependence diagnoses using criteria from the Diagnostic and 
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Statistical Manual of Mental Disorders (4th ed., text revision, DSM-IV-TR; American Psychiatric 

Association, 2000) and established through consensus with the Best Estimate Clinical Evaluation 

and Diagnosis (BECED; Endicott, 1988). To assess for exposure to viral infection, blood 

samples were taken for serological studies of antibodies to five viruses (HIV, HCV, hepatitis B, 

herpes simplex, and cytomegalovirus). A current HIV infection was determined from 

seropositive test results. Seropositivity for other viruses indicated exposure to either a past or 

current infection. To quantify cumulative comorbid medical conditions (e.g., liver disease, 

kidney disease, stroke, cancer), the Charlson Comorbidity Index was generated according to the 

Charlson weighting scheme, with one point added for each decade over 40 years of age. 

Functional Assessment 

To assess everyday functioning, the SOFAS (Goldman et al., 1992) and the RFS 

(Goodman et al., 1993) were administered. The SOFAS is used to rate social and occupational 

functioning for the current period (i.e., the level of functioning at the time of the evaluation). 

SOFAS scores are rated on a continuum from grossly impaired functioning (score of zero) to 

excellent functioning (score of 100). The RFS is comprised of four subscales for evaluating the 

functioning of individuals in specified areas of everyday life. The four functions assessed are: (1) 

work productivity, (2) independent living and self-care, (3) immediate social network 

relationships, and (4) extended social network relationships. The values on each of the four 

scales range from minimal level of role functioning (score of one) to optimal level of role 

functioning (score of seven). Scores from each measure represent ratings by trained research 

assistants based on information regarding participants’ social, occupational, and role functioning. 

Higher scores on both scales indicate better everyday functioning.  



 10 

The SF-36 (Ware Jr., 1999) was also administered, and the mental component score 

(MCS) and the physical component score (PCS) were used as measures of everyday mental 

functioning and physical functioning, respectively. The SF-36 includes 36 items covering eight 

health concepts (physical functioning, role physical, role emotional, bodily pain, vitality, social 

functioning, mental health, and general health perceptions). The MCS summarizes vitality, social 

functioning, mental health, and role emotional domains, while the PCS summarizes physical 

functioning, role physical, bodily pain, and general health perceptions domains. 

Scores from the SOFAS, RFS and SF-36 were obtained at participants’ baseline 

assessments as well as at their last available follow-up assessment to represent baseline and long-

term psychosocial functioning, respectively. Since everyday functioning was assessed at monthly 

intervals (six-month intervals for SOFAS and RFS, and one-month intervals for SF-36), 

functional assessment scores were time-locked, such that the closest functional assessment scores 

to the baseline neurocognitive assessment were obtained for each participant. Long-term 

functional outcome scores were obtained at each participant’s last available follow-up 

assessment. Mortality during the study, including date and cause of death, was recorded, and 

confirmed with Coroner’s reports and hospital records. 

Statistical Analysis 

Prior to adjusting for the effects of demographic variables, a log-transformation was 

applied to the IDED total adjusted errors score to correct for a positive skew, and then multiplied 

by -1 so that lower scores reflected poorer performance, in line with the other measures. Then, 

raw scores on the HVLT-R, RVP, Stroop Color-Word Test, and IDED were regressed on age at 

baseline and total years of education. The unstandardized residual value of each test was then 

added to the sample mean of that test to produce adjusted scores. Resulting cognitive scores were 
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Z transformed to place them all on the same scale of measurement. Calculation of the IIV 

dispersion index was done using a procedure similar to that which has been employed in 

previous studies (e.g., Hilborn et al., 2009; Morgan et al., 2011). Specifically, dispersion was 

calculated by computing an intraindividual standard deviation across Z-scores. A global 

cognitive composite score was also derived by computing the average across Z-scores. 

Participants were excluded if they had less than three out of four possible neuropsychological 

measures to include in the calculations of IIV dispersion and the global cognitive composite 

score.   

SOFAS and RFS scores were Z transformed and then averaged to create a composite 

score as they were highly correlated with one another (r = 0.66). MCS and PCS scores were also 

Z transformed to be on the same scale as the composite SOFAS and RFS score. Correlations 

between the Charlson comorbidity index scores and each functional outcome score were 

conducted to determine whether Charlson comorbidity scores should be included as predictors in 

the analyses.  

As a supplementary analysis, we examined IIV dispersion as an index of neurocognitive 

contributions to change in functional outcomes. Therefore, we also conducted simple change 

score analyses, and calculated change in functioning from baseline to follow-up. Specifically, 

each baseline functional assessment score was subtracted from the relevant follow-up functional 

assessment score (Senn, 2006).  

All continuous variables were visually examined and observed to be normally distributed. 

Assumptions of normality and homoscedasticity of the residuals were determined to be 

acceptable. Influential cases were assessed using Cook’s distance. There were no cases with 

large standardized residuals and high Cook’s distance values. Missing data on the outcome 
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variables were imputed by predictive mean matching using the Multiple Imputation by Chained 

Equations (MICE) package in R (RStudio Team, 2021). Data were assumed to be missing at 

random. 

Cognition as a Predictor of Functional Outcomes 

In a series of multiple linear regressions, baseline IIV dispersion was used to predict 

baseline and long-term social and role functioning (average across SOFAS and RFS scores), and 

PCS and MCS scores. In all regression models, we included common predictors of functioning 

as covariates, including the global cognitive composite score, age at baseline, and total years of 

education. In the prediction of long-term functioning, we also controlled for time (in years) 

elapsed between the baseline neurocognitive assessment and the last available testing session as 

this varied by participant. Since functional outcome scores, global cognition, and IIV dispersion 

did not significantly differ between males and females, we did not include sex as a covariate in 

the models. Finally, regression analyses were also conducted to examine whether baseline IIV 

predicted change in functioning, while controlling for global cognition, age at baseline and 

overall level of functioning at baseline. Statistical analyses were performed in R (RStudio Team, 

2021). The alpha level was set to .05.  

Cognition as a Predictor of Mortality 

Survival analyses were conducted with Cox regression models using age as the timescale 

to examine the association between IIV dispersion, global cognition, and risk of mortality. A left 

truncated model was used as participants were only followed since their age at time of study 

enrollment. Participants who were lost to follow-up or who completed the study were right 

censored. Separate unadjusted models were conducted for IIV dispersion, global cognition, and 

the Charlson comorbidity index. A test of the Schoenfeld residuals (p < .05), and visual 
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inspection of plots was done to assess the assumption of proportionality. Final adjusted models 

included the Charlson comorbidity index to control for the effect of co-occurring chronic 

physical illnesses on survival outcomes. Schoenfeld residuals were examined, and age cut points 

were considered where non-proportionality was present. Analyses were conducted with R 

(RStudio Team, 2021) using survival and survminer packages. The alpha level was set to .05.  

Results 

Participant Characteristics 

 Four hundred eighty-four participants were recruited and had complete and valid baseline 

cognitive assessments. Seventy-seven participants were excluded because they had less than 

three out of four valid neuropsychological measures to include in the calculations of IIV 

dispersion and the global composite cognition score. Therefore, 407 participants were included 

in the final analyses. Mean age at baseline was 42.1 years (SD = 11.1, 77.4% male, 49.6% 

White). Participants were followed for an average of 6.5 years (median = 6.0, range = 0 – 13). 

One hundred and three participants (25.3 %) died during the study. Participant characteristics for 

the final sample are included in Table 1.  

Cognition as a Predictor of Functional Outcomes  

 A series of multiple linear regressions were conducted to examine whether baseline IIV 

dispersion predicted social and role functioning, mental functioning, and physical functioning, 

while controlling for global cognition, age, and total years of education. The Charlson 

comorbidity index was included as a covariate in the model predicting physical functioning (PCS 

scores) since Charlson comorbidity scores were correlated with PCS scores (r = -0.16), but not 

social and role functioning scores (r = -0.04) or MCS scores (r = -0.08). Baseline IIV dispersion 

did not predict baseline social and role functioning (B = -0.02, p = .878) or baseline mental 
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functioning (B = -0.08, p = .638) as it was hypothesized. However, as predicted, increased IIV 

dispersion was associated with worse baseline physical functioning (B = -0.37, p = .021). 

Additionally, higher global cognition was associated with better baseline social and role 

functioning (B = 0.22, p = .012) and was weakly associated with worse baseline mental 

functioning (B = -0.18 p = .058). Global cognition did not predict baseline physical functioning 

(B = 0.03, p = .758). Older age at baseline was associated with worse baseline PCS scores (B = -

0.02, p < .001). Results of the models predicting baseline functional outcomes are presented in 

Table 2.  

 Associations with long-term functional outcomes followed a similar pattern of results as 

for baseline functional outcomes. The mean time interval between baseline and long-term 

functional assessments was 6.5 years (median = 6.0, range = 0 – 13). Baseline IIV dispersion did 

not predict long-term social and role functioning (B = -0.07, p = .622) as hypothesized. There 

was a weak association between baseline IIV dispersion and long-term physical functioning (B = 

-0.28, p = .088), but this did not meet our threshold for statistical significance. Further, higher 

global cognition was associated with better long-term social and role functioning (B = 0.42, p < 

.001), while global cognition did not predict long-term physical functioning (B = -0.12, p = 

.186). Older age at baseline was associated with worse long-term PCS scores (B = -0.02, p < 

.001). Neither global cognition (B = -0.07, p = .442), nor IIV dispersion (B = 0.13, p = .420) 

predicted long-term mental functioning. Longer time from baseline assessment was significantly 

associated with higher MCS scores (B = 0.04, p = .001). Results of the models predicting long-

term functional outcomes are presented in Table 3. 

 Baseline IIV dispersion did not predict change in functional outcomes. Global cognition 

significantly predicted change in social and role functioning (B = 0.38, p < .001), such that 
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higher global cognition at baseline was associated with improvement in social and role 

functioning from baseline to long-term functional assessment. Older age at baseline was 

associated with decline in physical functioning (B = -0.01, p = .002). Results of the models 

predicting change in functioning are presented in Table 4.  

Cognition as a Predictor of Mortality  

 As of November 2021, participants were followed for a median of 6.0 years (interquartile 

range 2.3–10.0 years). During 2442 person-years of observation, 103 of 407 (25.3%) participants 

died (Mage = 52.1, SD = 11.6). Causes of death were: physical illness (n = 24, 23.3%), accidental 

overdose (n = 35, 34.0%), trauma (n = 4, 3.9%), suicide (n = 1, 1.0%), and unknown (n = 39, 

37.9%).  

In contrast to what was hypothesized, baseline IIV dispersion was not associated with 

risk of mortality in unadjusted Cox regression. However, in the unadjusted model, there was a 

statistically significant effect of global cognition on risk of mortality (Table 5). Specifically, each 

additional increase in the global cognition score at baseline was associated with a 34% lower risk 

of mortality. For each 1-point increase in the Charlson comorbidity score at baseline, the risk of 

mortality was 13% higher. In the final model adjusted for comorbidities and IIV dispersion, 

global cognition remained a significant predictor of mortality (Table 5). In other words, higher 

global cognition scores at baseline were considered protective. 

Although Schoenfeld residuals were not significant (i.e., the effects can be interpreted 

across the entire sample), earlier reports in this sample suggest that there are age differences in 

the risk of premature mortality (Gicas et al., 2020; Jones et al., 2020). Specifically, different risk 

factors, such as a history of psychotic disorder, are associated with risk for mortality in 

individuals less than 55 years and those 55 years and older (Jones et al., 2020). Thus, we 
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conducted supplementary analyses to examine whether cognition’s role in the risk of premature 

mortality differs between younger (<55 years) and older (55 years) adults. In final models 

adjusting for comorbidities, global cognition remained a significant predictor of mortality for 

individuals younger than 55 years of age (Table 6), suggesting that higher scores at study entry 

were protective for younger individuals. This effect was not observed for individuals 55 years 

and older. IIV dispersion was not significantly associated with risk of mortality in the final 

adjusted models. 

Discussion 

Intraindividual variability across neurocognitive domains (i.e., IIV dispersion) has been 

associated with cognitive decline (e.g., Holtzer et al., 2008), functional decline (e.g., Morgan et 

al., 2012), and mortality (e.g., Anderson et al., 2018) in a range of clinical and older adult 

populations. The current study was the first to examine IIV dispersion as a predictor of 

functional outcomes and premature mortality in a large sample of precariously housed and 

homeless individuals. Our findings indicated greater baseline IIV dispersion predicted worse 

baseline physical functioning, but not mental functioning or social and role functioning, 

suggesting that IIV dispersion may be a sensitive marker for current limitations in everyday 

functioning due to physical health problems in precariously housed individuals. In contrast, 

worse baseline global cognition predicted worse baseline and long-term (i.e., up to 12 years) 

social and role functioning as well as risk of premature mortality in precariously housed 

individuals. These results suggest that different indices of neurocognitive functioning may be 

differentially sensitive to discrete dimensions of functional outcomes in at-risk populations.  

 Baseline IIV dispersion predicted concurrent physical functioning and was weakly, but 

not significantly, associated with long-term physical functioning. Although IIV indices have not 
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been investigated in homeless populations, our results converge with other studies examining IIV 

dispersion in populations that share important clinical characteristics with precariously housed 

and homeless populations (e.g., Morgan et al., 2011, 2012; Thaler et al., 2015). IIV dispersion 

may be an important marker of physical functioning through its association with compromised 

regulation and coordination of functional brain networks (Hines et al., 2016; Kelly et al., 2008). 

Specifically, it has been suggested that IIV dispersion may be a marker of deficient attentional 

control processes (Levine et al., 2008; Stuss et al., 2003) and the efficiency of the frontal cortex 

in maintaining executive control (Bellgrove et al., 2004; Morgan et al., 2011). Critically, 

previous research has highlighted the contribution of impaired executive functioning to physical 

disability in elderly populations (e.g., Cahn-Weiner et al., 2000; Desjardins-Crépeau et al., 

2014). 

Indeed, damage to the frontal cortex (Zheng et al., 2011), and corollary executive 

dysfunction, are associated with worse physical functioning in community-dwelling older adults 

(Carlson et al., 1999; Coppin et al., 2006; Desjardins-Crépeau et al., 2014; Zheng et al., 2011). 

Several mechanisms underlying the association between frontal cortex damage and physical 

impairment have been proposed (Zheng et al., 2011). For instance, it has been suggested that 

white matter lesions in frontal regions have a stronger association with postural control 

compared with other regions (Blahak et al., 2009; Novak et al., 2009; Sullivan et al., 2009). 

Moreover, gait control and walking speed are supported by frontal circuitry that is also 

implicated in executive control (Blackwood et al., 2016; Zheng et al., 2011). In persons with 

Parkinson’s disease, worse executive functioning is related to worse physical functioning, such 

as poorer upper extremity functioning, decreased walking abilities, and lower physical activity 

capacity (Çekok et al., 2023). Thus, there is evidence for a relationship between the integrity of 
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the frontal cortex in maintaining executive control and physical functioning in older adult and 

clinical populations, possibly as a result of dysfunction in shared neural circuity such as the 

dorsolateral prefrontal cortex and superior medial frontal cortex, that support both cognitive and 

motor functions (Stuss et al., 2003). Greater IIV dispersion may reflect compromised 

coordination of functional networks important for attentional and executive control processes 

(Levine et al., 2008; Stuss et al., 2003), which in turn are necessary for adequate physical 

functioning (Kelly et al., 2008; Zheng et al., 2011). Our finding that IIV dispersion is associated 

with poor concurrent functioning due to physical health dysfunction in precariously housed 

adults supports this hypothesis.  

In the current study, IIV dispersion was not associated with concurrent or long-term 

social and role functioning while global cognition was. Multiple cognitive domains, including 

verbal working memory, response inhibition, processing speed, verbal long-term memory, and 

visuo-spatial long-term memory, are implicated in social functioning (e.g., Kelly et al., 2017; 

Penadés et al., 2003; Reeder et al., 2006; Tominaga et al., 2018). In other clinical populations, 

for example, Carrión and colleagues (2011) demonstrated that individuals at risk of psychosis 

displayed significant impairments in the domains of processing speed, verbal memory, executive 

functioning, and working memory. Importantly, lower mean performance across neurocognitive 

domains was a significant predictor of worse social and role functioning. Similarly, Mahmood 

and colleagues (2021) demonstrated that poorer global cognition was associated with poorer 

financial and communication skills in role-play scenarios in a sample of adults experiencing 

homelessness. Multiple cognitive domains have been shown to be impaired in homeless 

populations (e.g., Burra et al., 2009), and composite mean-based indices of neurocognitive 

functioning may be better suited to capture these broad impairments involved in poor social and 
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role functioning. In contrast, IIV dispersion may be more sensitive to selective disruptions in 

executive control processes that are stronger contributors to physical dysfunction in this 

multimorbid population with a high rate of chronic medical conditions. Nevertheless, there is a 

lack of research comparing composite indices of neurocognitive functioning and intraindividual 

variability measures, and future research is required to understand their unique contributions to 

impaired functional and clinical outcomes in at-risk populations.   

 IIV dispersion did not predict risk of mortality which was unexpected given the 

association between measures of IIV and increased risk of mortality in ageing populations 

(Shamliyan et al., 2013). Measures of IIV have been shown to be good predictors of 

neurocognitive decline, and there is evidence of accelerated cognitive decline in proximity to 

death (MacDonald et al., 2011; Wilson et al., 2003, 2007). However, the majority of studies 

investigating the relationship between IIV and mortality have used measures of inconsistency 

rather than dispersion to conceptualize variability. IIV inconsistency has been shown to predict 

the risk of mortality as early as 15 years prior to death (MacDonald et al., 2008), though the 

mechanisms relating IIV inconsistency to risk of premature mortality are not entirely clear. IIV 

inconsistency may reflect neural noise in the transmission of CNS signals (Hendrickson, 1982), a 

decrease in the frequency of neuronal oscillations reflecting the excitatory potential of neurons 

(Jensen, 1992), or the dysregulation of neurotransmitter systems (Li et al., 2001; MacDonald et 

al., 2006). Although these potential mechanisms do not directly lead to death, increased IIV 

inconsistency may represent an early behavioural marker of these neurobiological changes, 

which may reflect disease- and age-related processes that predate mortality (MacDonald et al., 

2008). In a study that did examine the association between IIV dispersion and mortality in a 

cohort of individuals living with HIV, dispersion at the last available testing session, but not at 
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earlier testing sessions, was predictive of mortality (Anderson et al., 2018). IIV inconsistency, 

therefore, may represent a more sensitive behavioural marker of future mortality compared to 

IIV dispersion, yet further research is required to better understand the relationship between 

measures of IIV, and their temporal relationship, and prediction of, mortality.  

While controlling for comorbidities and IIV dispersion, global cognition predicted 

mortality, such that each additional unit increase in the global cognition score at baseline was 

associated with a 34% lower risk of mortality. These results reinforce and extend the findings of 

previous reports from the Hotel Study (Honer et al., 2017; Vila-Rodriguez et al., 2013), which 

included smaller samples of precariously housed adults (Gicas et al., 2020; Jones et al., 2015, 

2020). For example, Gicas and colleagues (2020) found that better inhibitory control, while 

controlling for physical comorbidities, was significantly associated with a decreased risk of 

premature mortality. Thus, domain-specific and global impairments in cognition may be 

emergent markers of premature mortality in precariously housed individuals.  

 Exploratory follow-up analyses indicated that cognition may be a more important marker 

of risk for premature mortality for younger precariously housed adults (<55 years) compared to 

older precariously housed adults (55 years). Among the older group, physical comorbidities 

predicted risk of mortality. A previous study by our group demonstrated that among those under 

the age of 55 years, having a history of psychotic disorder was associated with 2.38 times the 

risk of mortality compared to having no history of psychotic disorder, while controlling for 

alcohol dependence, hepatic fibrosis, and HIV status (Jones et al., 2020). This relationship was 

not observed for older participants (55 years). Cognitive impairment is a core feature in 

schizophrenia and psychotic disorders (Barch & Sheffield, 2014; Hurford et al., 2011), affecting 

at least 85% of individuals (Gopal & Variend, 2005). Thus, cognitive impairment in younger 
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precariously housed adults may be predominantly associated with psychosis and other 

psychiatric risk factors that predict premature mortality. In older precariously housed adults, 

medical complications from chronic physical comorbidities may play a larger role in conferring 

risk for mortality with any associated cognitive impairments being less severe in nature than 

those seen in the younger participants with significant psychiatric comorbidities. This 

interpretation is supported by prior work in subsamples of the Hotel Study that indicated 

significantly higher rates of neurodevelopmental disorders in participants under the age of 50 

(Gicas et al., 2017) and, among the precariously housed youth (aged 20-29 years), 

neurodevelopmental factors were the most common contributors to cognitive impairment 

compared to health risk factors (Waclawik et al., 2019).   

Limitations and Future Directions 

 Several limitations should be considered. First, we were not able to evaluate IIV 

inconsistency based on the available cognitive test data. Thus, intraindividual variability 

measures cannot be calculated within a single cognitive task. This is important as there is a lack 

of studies including both IIV inconsistency and dispersion measures. Consequently, it is not well 

understood whether these measures represent similar or distinct constructs, and whether they are 

similarly or differentially related to clinical outcomes in at-risk populations. Future studies 

should include tests of RT in addition to the traditional neuropsychological battery to examine 

which measure, inconsistency or dispersion, has better predictive value for important clinical 

outcomes. Second, our calculation of IIV dispersion was based on four neurocognitive variables. 

Existing studies examining dispersion in neurocognitive test performance have included three to 

14 tasks assessing a broad range of cognitive domains (e.g., Christensen et al., 1999; Hilborn et 

al., 2009; Holtzer et al., 2008; Morgan et al., 2011, 2012). Including a greater number of 
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neurocognitive measures may provide a more robust index of overall cognitive variability. 

Limiting the number of test scores in the computation of dispersion may influence the stability of 

the measurement construct, and therefore generalizability, and may have reduced sensitivity to 

brain and behavioural dysfunction (Hines et al., 2016). However, using a large battery of 

cognitive tasks may generate noise, and therefore, variability that is not reflective of true 

variability in cognitive performance. Future studies are needed to clarify the influence of these 

measurement constructs on study outcomes. Third, our sample included a relatively young group 

of precariously housed adults (on average 42 years old). Measures of IIV have been more 

thoroughly investigated and utilized in ageing populations, and it may be that IIV is a more 

sensitive index of cognitive and functional impairment in older homeless and precariously 

housed adults. Thus, future studies should include an equal distribution of younger and older 

homeless adults where these effects can be examined more precisely. 

Implications  

The sociodemographic and clinical characteristics of our sample are in line with other 

Canadian studies of precariously housed and homeless adults (e.g., Gicas et al., 2020; 

Stergiopoulos et al., 2015), suggesting that our findings could generalize across Canadian 

settings. Understanding the factors that contribute to poor functional outcomes in precariously 

housed individuals is critical so that we can appropriately adapt existing interventions to mitigate 

poor functional outcomes in this population. If cognitive IIV is associated with poor physical 

functioning, increased IIV dispersion on neuropsychological testing may help to identify when 

greater support for those with physical impairments is required where resources are limited and 

more comprehensive functional capacity assessments cannot be performed. Moreover, poor 

global cognition is associated with long-term decreases in social and role functioning as well as 
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risk of premature mortality. In general, early interventions that aim to enhance or maintain 

cognitive functioning could be protective for decline in psychosocial functioning and premature 

mortality in this marginalized population.  

Conclusions 

 The current study is the first to examine the utility of IIV dispersion as a predictor of 

outcomes in precariously housed and homeless individuals. Overall, the results revealed 

differential sensitivities of IIV dispersion and global cognition for predicting functional 

outcomes and premature mortality in this population. Increased levels of dispersion are related to 

dysfunction in the frontal system required for executive control, and our result that IIV 

dispersion predicts concurrent physical functioning supports this hypothesis. Importantly, IIV 

dispersion may be a unique marker of emergent physical health dysfunction in precariously 

housed adults and may be best used in conjunction with traditional neuropsychological indices. 

Future studies are required to clarify the relationship between IIV dispersion and other indices of 

neurocognitive functioning, such as IIV inconsistency and global cognition, and their relative 

contributions to clinical outcomes in at-risk populations. 
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Tables 

Table 1 

 

Sample Characteristics at Baseline (N = 407) 

 

Characteristic 

 

% M (SD) Mdn Range 

Age (years)  42.08 (11.13) 43.00 20 – 75 

Education (years)  10.45 (2.32) 10.00 3 – 18 

Premorbid IQ (WTAR)  98.17 (8.93) 98.00 77 – 122 

Social Functioning (SOFAS)  40.29 (10.92) 40.00 15 – 80 

Role Functioning (RFS)  12.01 (3.34) 12.00 4 – 25 

Mental Functioning (MCS)  41.92 (13.00) 43.30 3 – 65 

Physical Functioning (PCS)  44.29 (10.31) 44.46 9 – 70 

Charlson Comorbidity Index  3.06 (2.96) 2.50 0 – 12  

IIV Dispersion  0.65 (0.30) 0.62 0.03 – 2.17 

Sex (male) 77.4    

Ethnicity     

     White 49.6    

     Aboriginal or Mixed Aboriginal 25.6    

     Other 9.7    

     Unknown 15.1    

Psychiatric diagnosis     

     Schizophrenia spectrum 19.2    

     Other psychoses 36.9    

     Major depression 12.9    

     Bipolar disorder I or NOS 2.8    

     Bipolar disorder II 4.3    

Substance dependence disorder     

     Alcohol 19.4    

     Cannabis 36.3    

     Cocaine 56.4    

     Methamphetamine 33.5    

     Heroin 38.2    

Viral infection     

     HIVa 14.6    

     Hepatitis Cb 62.5    

     Hepatitis Bc 35.2    

     Herpes simplexd 85.9    

     Cytomegaloviruse 65.2    

 

Note. WTAR = Wechsler Test of Adult Reading; SOFAS = Social and Occupational 

Functioning Assessment Scale; RFS = Role Functioning Scale; MCS = Mental Component 

Score; PCS = Physical Component Score; IIV = Intraindividual Variability 
an = 376; bn = 371; cn = 375; dn = 369; en = 348 
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Table 2 

 

Predicting Baseline Functional Outcomes 

 

Variable 

 

B SE (B) t p 95% CI for B 

Model 1: Social and Role Functioning    

IIV Dispersion   -0.02 0.16 -0.15 .878 [-0.33, 0.28] 

Global Cognition 0.22 0.09 2.52 .012 [0.05, 0.39] 

Age  -0.002 0.004 -0.53 .595 [-0.01, 0.006] 

Education 0.02 0.02 0.80 .427 [-0.02, 0.06] 

Model 2: Mental Functioning    

IIV Dispersion -0.08 0.17 -0.47 .638 [-0.40, 0.25] 

Global Cognition -0.18 0.09 -1.90 .058 [-0.36, 0.01] 

Age 0.01 0.004 1.85 .065 [-0.001, 0.02] 

Education -0.03 0.02 -1.35 .177 [-0.07, 0.01] 

Model 3: Physical Functioning      

IIV Dispersion -0.37 0.16 -2.31 .021 [-0.69, -0.06] 

Global Cognition 0.03 0.09 0.31 .758 [-0.15, 0.20] 

Age -0.02 0.004 -4.67 <.001 [-0.03, -0.01] 

Education 0.02 0.02 1.11 .270 [-0.02, 0.06] 

Charlson Index -0.03 0.02 -1.80 .073 [-0.06, 0.003] 
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Table 3 

 

Predicting Long-Term Functional Outcomes 

 

Variable 

 

B SE (B) t p 95% CI for B 

Model 1: Social and Role Functioning    

IIV Dispersion -0.07 0.14 -0.49 .622 [-0.35, 0.21] 

Global Cognition 0.42 0.08 5.33 <.001 [0.27, 0.58] 

Age 0.003 0.004 0.08 .821 [-0.004, 0.01] 

Education 0.02 0.02 1.10 .272 [-0.02, 0.06] 

Time from Baseline 0.003 0.01 0.31 .761 [-0.02, 0.02] 

Model 2: Mental Functioning    

IIV Dispersion 0.13 0.17 0.81 .420 [-0.19, 0.46] 

Global Cognition -0.07 0.09 -0.77 .442 [-0.25, 0.11] 

Age 0.01 0.004 1.64 .102 [-0.001, 0.02] 

Education -0.01 0.02 -0.60 .552 [-0.05, 0.03] 

Time from Baseline 0.04 0.01 3.30 .001 [0.20, 0.79] 

Model 3: Physical Functioning      

IIV Dispersion -0.28 0.16 -1.71 .088 [-0.59, -0.04] 

Global Cognition -0.12 0.09 -1.33 .186 [-0.30, 0.06] 

Age -0.02 0.005 -4.95 <.001 [-0.03, -0.01] 

Education 0.01 0.02 0.57 .571 [-0.03, 0.05] 

Charlson Index -0.02 0.02 -1.30 .194 [-0.06, 0.01] 

Time from Baseline -0.0002 0.01 -0.01 .989 [-0.02, 0.02] 
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Table 4 

 

Predicting Change in Functional Outcomes  

 

Variable 

 

B SE (B) t p 95% CI for B 

Model 1: Social and Role Functioning    

IIV Dispersion -0.05 0.14 -0.36 .716 [-0.32, 0.22] 

Global Cognition 0.38 0.08 4.88 <.001 [0.22, 0.53] 

Age 0.004 0.004 1.04 .301 [-0.005, 0.008] 

Baseline Social and  

Role Functioning 

-0.77 0.04 -17.54 <.001 [-0.86, -0.69] 

Model 2: Mental Functioning    

IIV Dispersion 0.08 0.14 0.62 .539 [-0.18, 0.35] 

Global Cognition 0.02 0.08 0.29 .774 [-0.13, 0.17] 

Age 0.003 0.004 0.70 .482 [-0.005, 0.01] 

Baseline Mental 

Functioning 

-0.05 0.003 -14.68 <.001 [-0.05, -0.04] 

Model 3: Physical Functioning      

IIV Dispersion -0.05 0.15 -0.31 .756 [-0.34, 0.25] 

Global Cognition -0.13 0.08 -1.54 .125 [-0.29, 0.04] 

Age -0.01 0.05 -3.06 .002 [-0.02, -0.005] 

Charlson Index -0.006 0.02 -0.39 .697 [-0.04, 0.02] 

Baseline Physical 

Functioning 

-0.05 0.004 -10.99 <.001 [-0.06, -0.04] 
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Table 5 

 
Cox Regression Models of Association Between Cognition and Risk of Mortality 

 

Variable 

 

n HR (95% CI) Log-rank  

p-value 

Schoenfeld  

p-value 

Unadjusted Models     

IIV Dispersion 406 1.27 (0.65-2.47) .486 .460 

Global Cognition 406 0.66 (0.45-0.95) .025 .160 

Charlson Index 405 1.13 (1.06-1.20) <.001 .570 

Adjusted Model a 405    

    Global Cognition  0.70 (0.48-1.01) .054 - 

    IIV Dispersion  1.32 (0.62-2.33) .570 - 

    Charlson Index  1.12 (1.05-1.19) <.001 - 

Note. HR: Hazard ratio; IIV: Intraindividual Variability 

          a. Number of events = 102 
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Table 6 

 

Cox Regression Models of Association Between Cognition and Risk of Mortality by Age Group 

 

Variable 

 

n HR (95% CI) Log-rank  

p-value 

Schoenfeld  

p-value 

Unadjusted Models     

IIV 406 1.27 (0.65-2.47) .486 .460 

Global Cognition 406 0.66 (0.45-0.95) .025 .160 

Charlson Index 405 1.13 (1.06-1.20) <.001 .570 

Adjusted Models     

Model 1a: < 55 years 270    

    IIV  1.03 (0.41-2.59) .944 - 

    Global Cognition  0.50 (0.29-0.86) .013 - 

    Charlson Index  1.08 (1.00-1.18) .050 - 

Model 2b:  55 years 135    

    IIV  1.24 (0.48-3.20) .655 - 

    Global Cognition  0.92 (0.59-1.46) .733 - 

    Charlson Index  1.14 (1.05-1.25) .003 - 

Note. HR: Hazard ratio; IIV: Intraindividual Variability 

          a. Number of events = 48 

          b. Number of events = 54 
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