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Abstract

Objective: To validate subgroups of cognitive impairment on the Montreal Cognitive Assessment 

(MoCA)—defined as Normal (score of 25–30), Mildly Impaired (score of 20–24), and Moderately 

Impaired (score less than 19)—by determining whether they differ in rehabilitation gain during 

inpatient stroke rehabilitation.

Design: Observational study. Linear regression models were conducted and predictors included 

MoCA subgroups and relevant baseline demographic and clinical covariates. Separate models 

included the Cognitive subscale of the Functional Independence Measure (FIM) as a predictor.

Setting: Inpatient rehabilitation facility of an urban, academic medical center.

Participants: 334 inpatients with mild-moderate strokes who were administered the MoCA on 

admission.

Interventions: N/A

Main Outcome Measures: mean relative functional gain (mRFG) and mean relative functional 

efficiency (mRFE, which adjusts for length of stay) on the FIM Total.

Results: MoCA subgroups significantly predicted mRFG and mRFE after accounting for age, 

gender, education, stroke severity, and recurrent vs. first stroke. The Normal group exhibited 

greater mRFG and mRFE than the Mildly Impaired group, while the Moderately Impaired had 

significantly worse mRFG and mRFE than the Mildly Impaired group. The Moderately Impaired 

group had a significantly smaller proportion of individuals who made a clinically meaningful 

change on the Total FIM than the Mildly Impaired and Normal groups. MoCA subgroups better 

accounted for mRFG and mRFE than a standard-of-care cognitive assessment (Cognitive FIM).
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Conclusion: Use of MoCA-defined subgroups can assist providers in predicting functional gain 

in stroke survivors being treated in inpatient rehabilitation.

ClinicalTrials.gov Identifier: NCT02876783.
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Post-stroke cognitive impairment is associated with poorer outcome and greater disability. 

41% of stroke survivors demonstrate cognitive deficits at six months and 39% are impaired 

at two years post-stroke1. The presence of cognitive deficits in the first week following 

stroke predicts cognitive and functional disability at 6, 12, and 36 months2. Accurate 

identification and meaningful gradation of cognitive deficits in the early period after stroke 

can facilitate tailored management and treatment in the acute inpatient rehabilitation setting.

The Montreal Cognitive Assessment (MoCA)3 has emerged as a preferred screening tool in 

stroke rehabilitation. In the acute/subacute setting, the MoCA is feasible to administer4,5, 

sensitive to cognitive impairment6, and predicts long-term cognitive dysfunction7. Worse 

performance on the MoCA is associated with greater dependence in activities of daily living 

on the Barthel Index assessed cross-sectionally8. Higher MoCA score is also associated 

longitudinally with better functional outcome at 3–6 months on the modified Rankin Scale9. 

In the acute inpatient rehabilitation setting specifically, MoCA score is associated with 

discharge independence in instrumental activities of daily living10 and improvement on the 

Functional Independence Measures (FIM)11.

Cognitive screening measures often employ a single cutoff point that maximizes sensitivity 

and specificity and classifies individuals as “impaired” or “not impaired.” However, it may 

be more clinically useful to quantify the extent of impairment to provide information that 

extends beyond “is an individual cognitively impaired” to “how impaired is an individual.” 

The identification of clinically meaningful subgroups based on ranges of scores on the 

MoCA would allow rehabilitation professionals to better understand and manage cognitive 

impairments and to more precisely ascertain the functional impact of a particular score on 

the MoCA.

Previous research has demonstrated clinical utility of MoCA subgroups. Outpatients with 

vascular disease (including but not limited to stroke) can be stratified into three MoCA 

subgroups that correspond to low (MoCA = 28–30), intermediate (23–27), and high (≤ 22) 

risk of cognitive impairment on a criterion neuropsychological test battery12. Patients 6+ 

months post-stroke or TIA classified on the MoCA as normal (25–30), mildly impaired (20–

24), and “significantly” impaired (≤ 19) differ on markers of underlying vascular disease 

such as hypertensive arteriopathy13. The original developers of the MoCA themselves 

suggest that scores between 18–25 constitute mild impairment, 10–17 moderate impairment, 

and 0–10 severe impairment (www.mocatest.org); however, they state specifically that 

empirical research to validate subgroups is necessary.
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There is a need for the investigation of the clinical utility of subgroups specifically in acute 

inpatient rehabilitation. Previously, we proposed the creation of three subgroups as Normal 

(MoCA = 25–30), Mildly Impaired (20–24), or Moderately Impaired (≤ 19)6. These 

subgroups were empirically-defined based on the most sensitive and specific cutoff point 

(24/25) for identifying mild cognitive impairment6, and the optimal cutoff point (19/20) for 

identifying deficits in cognitively-based instrumental activities of daily living (bill-paying)10 

in stroke inpatients. Initial validation of these three subgroups revealed group differences on 

neuropsychological measures of processing speed, executive functioning, and memory6.

The goal of the current study was to further validate the clinical utility of these subgroups in 

individuals with stroke undergoing acute inpatient rehabilitation. We sought to determine 

whether stroke inpatients classified as Normal, Mildly Impaired, or Moderately Impaired on 

the MoCA differed in their functional gain during rehabilitation. We hypothesized that 

individuals in the Moderately Impaired group would make less functional gain than those in 

the Mildly Impaired group, who in turn would make less functional gain than the Normal 

group. We additionally explored whether MoCA subgroups would be more predictive of 

functional gain than a standard-of-care cognitive assessment measure (the cognitive subscale 

of the Functional Independence Measure [FIM]).

Methods

Participants

The study was conducted in the acute inpatient general rehabilitation unit of a large urban 

academic medical center. Participants were individuals with stroke admitted to our unit 

between August, 2012 and July, 2016 who were either identified prospectively and provided 

informed consent to have their data entered into a clinical research database, or (for those 

who were not or could not be formally consented) had their clinical data retrospectively 

collected in a de-identified manner. Both study procedures were approved by the medical 

center’s Institutional Review Board. Inclusion criteria were 18 years of age or older, 

medically able to participate in inpatient rehabilitation therapies for three hours daily, and 

reasonable chance of making functional gains.

Assessments

Demographic variables collected included age, education, gender, ethnicity, employment 

status, and prior living situation. Stroke severity was assessed using the National Institutes of 

Health Stroke Scale (NIHSS) in the emergency department or assessed retrospectively. 

Medical comorbidity was assessed using the Charlson Comorbidity Index (CCI). We also 

evaluated days post stroke at admission, side of lesion, first ever stroke vs. recurrent stroke, 

length of stay, and stroke type (ischemic vs. hemorrhagic).

We used the MoCA and MoCA-defined subgroups as our primary predictor of interest. The 

MoCA is composed of brief cognitive tasks that assess visuospatial/executive skills, 

attention, naming, language, abstraction, delayed recall, and orientation3. Administration 

time is approximately 10 minutes. Scores range from 0–30, with lower scores indicating 

greater cognitive impairment. Per the standard administration criteria, 1 point was added for 
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individuals whose education level was less than 12 years. The MoCA was administered 

within 72 hours of rehabilitation admission by the treating occupational therapist to all 

individuals that could maintain attention and could follow simple commands. Patients did 

not complete the MoCA if the clinician determined that severe attention/arousal deficits 

precluded administration. Individuals with a total MoCA score of 25–30 were classified as 

Normal (N = 55), those with a total MoCA score of 20–24 were classified as Mildly 

Impaired (N = 109), and those with a total MoCA score less than or equal to 19 were 

classified as Moderately Impaired (N = 170).

We assessed functional gain in rehabilitation using the FIM14 total score. The FIM is a 

standardized, clinician-rated instrument for assessing and tracking functioning during 

rehabilitation. Each item on the FIM is rated on a 1–7 scale, with higher scores representing 

increased levels of functional independence. It is completed at admission and at discharge. 

Items assess eating, grooming, bathing, dressing, toileting, transfers, locomotion, 

communication, and social cognition.

The outcome (dependent) variables included the following: the mean relative FIM gain 
(mRFG)15, which quantifies the amount of functional gain achieved as a percentage of the 

total functional gain possible, using the formula (Discharge Total FIM – Admission Total 

FIM) / (Maximum Total FIM Score [i.e., 126]) – Admission FIM) x 100%. A second 

outcome was the mean relative FIM efficiency (mRFE)15, which includes the length of stay 

in the formula and therefore quantifies the relative functional gain achieved per day as a 

measure of efficiency of rehabilitation. It is calculated as the mRFG / Length of Stay (Days). 

We included the mRFE as an additional outcome variable because it corrects for length of 

stay, which could have impacted the amount of gain made. Finally, we calculated the 

proportion of individuals who met the minimum clinically important difference (MCID) on 

the Total FIM, which has been established at a threshold of 22 points in stroke 

rehabilitation16.

Statistical Analyses

All statistical analyses were conducted using IBM SPSS Statistics version 25. One-way 

analysis of variance (ANOVA) was conducted to evaluate group differences in clinical and 

demographic variables. Post-hoc comparisons were made using Tukey’s HSD tests. When 

the homogeneity of variance assumption was violated, we confirmed the presence of 

statistical significance using a Welch ANOVA and evaluated pairwise differences using the 

post-hoc Games-Howell test.

To evaluate the effect of MoCA subgroups on rehabilitation gain and to statistically control 

for possible confounding effects of relevant demographic and clinical factors, we conducted 

separate linear regression analyses for each outcome variable (mRFG and mRFE). MoCA 

subgroups were entered as predictors using dummy coding with the Mildly Impaired group 

as the reference group to which the Moderately Impaired and Normal groups were 

compared. We also entered as covariates age, education (dummy coded with high school 

education as the reference group), gender (dummy coded with males as the reference group), 

recurrent versus first-time stroke (dummy coded with first-time stroke as the reference 

group), and NIHSS. We chose these variables as covariates because they differed by MoCA 
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subgroup and may have impacted rehabilitation gain. We then ran a secondary analysis with 

the same linear regression models substituting MoCA subgroups with Cognitive-FIM, in 

order to explore how the models with MoCA subgroups compared to a model with a 

standard of care cognitive assessment measure such as the Cognitive-FIM. All p-values are 

for two-tailed tests with alpha of .05.

Results

Comparison of Included and Excluded Participants

425 individuals with stroke were admitted to the rehabilitation unit between August 2012 

and July 2016, 273 who enrolled prospectively and 147 whose data were collected 

retrospectively. 86 individuals were excluded from analysis because they were not 

administered the MoCA. The most common reason for not being administered the MoCA 

was impaired language. Outcome data were missing for five individuals, who were also 

excluded from analysis. The final sample thus comprised N = 334 individuals with stroke. 

Compared to our included sample, individuals who were excluded were significantly 

younger (t=2.15, p=.03), had greater NIHSS scores (t=5.7, p<.001), and had greater 

functional disability on admission (Total FIM, t=5.62, p<.001; Motor-FIM, t=4.10, p<.001; 

Cognitive FIM, t=7.67, p<.001). There was also a difference in side of lesion (χ2=9.15, 

p=.01; higher percentage of left hemisphere strokes in the excluded group).

Demographic Characteristics

As shown in Table 1, individuals in the Moderately Impaired group were older than those in 

the Mildly Impaired group and Normal group. Education levels differed by group (χ2=23.2, 

p=.01). The Moderately Impaired group had a smaller proportion of individuals with college 

or post-college education than the other two groups. Pre-admission employment status 

differed by group (χ2=17.1, p=.009). The Moderately Impaired group had a greater 

proportion of individuals who were unemployed or retired.

Clinical Characteristics

As shown in Table 2, the Moderately Impaired group had more severe strokes than the 

Mildly Impaired group and Normal group, though the magnitude of the difference was 

relatively small. The Moderately Impaired group had a greater percentage of individuals 

with recurrent stroke (30%) than the Normal group (22%) or the Mildly Impaired group 

(18%). At admission and discharge, the Moderately Impaired group had greater functional 

disability on the FIM compared to the Mildly Impaired group, which in turn had greater 

functional disability than the Normal.

Comparison of mRFG and mRFE by MoCA Subgroup

mRFG values by group are shown in Figure 1a and results of regression analyses are shown 

in Table 3a. The overall model was significant (F=6.2, p<.001, Adjusted R2=.14). The 

Moderately Impaired group had a significantly lower mRFG relative to the Mildly Impaired 

group, while the Normal group had a significantly higher mRFG relative to the Mildly 

Impaired group. Gender, education, and stroke severity were not significant predictors of 
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mRFG, while age was a significant predictor. Recurrent stroke was a marginally significant 

predictor of mRFG.

Similar results emerged for the mRFE, for which mean values by group are shown in Figure 

1b and regression results are shown in Table 3b. The overall model was significant (F=5.1, 

p<.001, Adjusted R2=.11). The Moderately Impaired group had a significantly lower mRFE 

relative to the Mildly Impaired group, while the Normal group had a significantly higher 

mRFE relative to the Mildly Impaired group. Stroke severity was also a significant predictor 

of mRFE, while age, gender, and education were not.

Comparison of FIM MCID by MoCA Subgroup

The percentage of individuals who met the FIM Total MCID by group is shown in Figure 2. 

A chi-square test revealed a significant group difference (χ2=5.94, p=.05). Comparison of 

cell proportions indicated that the Moderately Impaired group (37% met MCID) differed 

significantly from the Mildly Impaired group (49%) and Normal group (53%).

Exploratory Comparison of MoCA Subgroups and the Cognitive-FIM.

Regressions models that replaced MoCA subgroups with the Cognitive-FIM were also 

statistically significant, but accounted for a smaller amount of variance in predicting mRFG 

(F=4.5, p<.001, Adjusted R2=.09) and mRFE (F=2.8, p<.001, Adjusted R2=.05). Within 

each model, the Cognitive-FIM predicted mRFG (Unstandardized Beta=−0.53, SE=0.25, 

95%CI=−1.02 to −0.05, t=−2.16, p=.03) and mRFE (Unstandardized Beta=−0.07, SE=0.03, 

95%CI=−0.13 to −0.01, t=−2.42, p=.02).

Discussion

We found that subgroups defined by admission MoCA score differed in their relative 

functional gain in rehabilitation, the efficiency by which they make gains, and the proportion 

of individuals who make clinically meaningful gains. As hypothesized, MoCA subgroups 

were significant predictors of relative functional gain and relative functional efficiency, 

accounting for age, gender, education, stroke severity, and recurrent stroke. Those with 

MoCA scores in the Normal range (25–30) made the greatest and most efficient functional 

gains as assessed by the FIM. This group also had the highest proportion making a clinically 

meaningful FIM gain. In contrast, those in the Moderately Impaired group (≤ 19) made the 

least functional gain and least efficient gains, as well as had the smallest proportion making 

a clinically meaningful FIM gain.

Our findings further validate the clinical utility of these subgroups in inpatient stroke 

rehabilitation. We previously demonstrated that these MoCA-defined subgroups differ 

significantly in performance on neuropsychological testing, with those in the Normal group 

performing on average within normal limits, those in Mildly Impaired group performing on 

average in the mildly impaired range, and those in the Moderately Impaired group 

performing in the moderately impaired range6. Our current results suggest that these 

subgroups also differ in their ability to distinguish among stroke inpatients who make 

differing levels of functional gain in rehabilitation. Subgroups defined by these ranges of 

scores have further been shown to differ in their degree of underlying vascular disease13. 
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The ranges that define our subgroups are somewhat different than those proposed by Swartz 

and colleagues12, although the purpose of their study was to maximize the prediction of risk 

of future cognitive impairment across a more heterogenous population, while we sought to 

derive clinically useful subgroups in the inpatient stroke rehabilitation setting. Future studies 

should directly compare our proposed subgroups with other subgroups classified by different 

score ranges, in a separate validation sample.

A secondary, exploratory analysis found that the Cognitive-FIM score was also a significant 

predictor of relative functional gain and relative functional efficiency; however, the amount 

of variance explained was smaller relative to the models with MoCA subgroups. This 

finding accords with prior research that has found significant relationships between 

Cognitive-FIM and rehabilitation outcome, but has argued for the use of performance-based 

cognitive screening tools such as the MoCA because of their minimal cost and time, relative 

to the information that can be gained quantitatively and qualitatively17,18. Similarly, we 

show here that categorizing the degree of cognitive impairment by MoCA subgroup better 

accounts for rehabilitation gain than the Cognitive-FIM. Because of its greater coverage of 

cognitive domains, the MoCA can also provide useful qualitative information to inform 

treatment. For individuals with more severe cognitive and language impairment, the 

Cognitive-FIM is nonetheless an important tool to assess cognitive status.

Our findings indicate that those individuals with greater levels of cognitive impairment on 

the MoCA—despite similar lengths of stay—achieve fewer functional gains in 

rehabilitation, make gains less efficiently, and less often make an amount of functional gain 

that is clinically meaningful. This finding is consistent with prior studies demonstrating that 

cognitive impairment predicts poor outcome during acute hospitalization8 and 

rehabilitation17,19,20. Cognitive impairment after stroke may interfere with attention to and 

processing of strategies and techniques taught in rehabilitation, with learning and recall of 

skills, and with comprehending and following multistep instructions, altogether slowing the 

amount of gain in rehabilitation. The degree of cognitive impairment may also be a marker 

of decreased neurologic reserve and neuroplastic potential, which corresponds to poorer 

recovery in rehabilitation. Stroke inpatients with moderate cognitive impairment may 

especially require additional supports or modification of interventions to promote optimal 

functional gain. Such interventions should be implemented within a rehabilitation setting 

that also addresses the unique psychosocial and medical needs of individuals with greater 

cognitive impairment and disability.

Study Limitations

Our sample of stroke patients had less severe strokes, better functional ability at admission, 

and a smaller percentage of individuals with left-hemisphere strokes compared to 

participants excluded from analysis. This limits generalizability of our findings to those who 

tend to manifest relatively milder symptoms of stroke and are less likely to be aphasic. 

Assessment of stroke severity with the NIHSS using retrospective medical record review has 

demonstrated validity21; however, additional error may have been introduced in the 

measurement of stroke severity by this method. Our Moderately Impaired group contained a 

large range of MoCA scores and it is possible that finer gradations of impairment may exist 
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within this group (i.e., a “Severely Impaired” subcategory). Additional research into the 

lower end of the MoCA and its correlates is an important avenue for future research. Our 

outcome measures of mRFG and mRFE tend to favor individuals with high admission FIM 

scores, and our results may have differed with use of a different outcome measure such as 

the raw FIM difference score. Our investigation was also limited to the inpatient 

rehabilitation setting. Because we do not have information on the mRFG or mRFE post-

discharge, the clinical utility of our MoCA subgroups in predicting functioning after 

inpatient rehabilitation is unknown and warrants further study. We did not have access to 

neuroimaging to determine how lesion characteristics map onto our MoCA subgroups. This 

would be an important avenue of future research given that performance on the MoCA is 

associated with disruption to specific structural networks after stroke22.

Conclusions

We demonstrate that MoCA subgroups differentiate the degree of functional gains and the 

likelihood of making clinically meaningful gains in inpatient stroke rehabilitation. These and 

previous findings6,13 indicate that our MoCA subgroups provide empirically-validated and 

clinically-meaningful gradations of cognitive severity. Clinicians and rehabilitation 

practitioners would derive benefit from categorizing patients’ severity of impairment based 

on our MoCA score ranges. This can enable a more individually tailored, personalized 

medicine approach to care in which individuals scoring between 20–24 and particularly 

below 20 may require additional cognitive remediation interventions, intensive practice, 

and/or modification and tailoring of standard of care treatment strategies to mitigate the risk 

of poorer functional gain. Future research should target cognitive and rehabilitation 

strategies specifically at these individuals who score in the mildly impaired or moderately 

impaired range on the MoCA. Future studies should also directly compare the categorization 

proposed here with others proposed in the literature.
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Figure 1. 
(a) Mean relative functional gain (mRFG) and (b) mean relative functional efficiency 

(mRFE) as a function of subgroup on the Montreal Cognitive Assessment (MoCA).
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Figure 2. 
The percentage of individuals in each subgroup of the Montreal Cognitive Assessment 

(MoCA) who met the minimal clinically important difference (MCID; 22 points) on the total 

score of the Functional Independence Measure (FIM).
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