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Abstract

This study examined the relationship between cognitive change and instrumental activities of daily 

living (IADL) in a large, national, population-based sample. Cognitive change was assessed via 

verbal fluency, word list learning (WLL), and word list delayed recall (WLD). Incident cognitive 

impairment was defined by change in Six-Item Screener (SIS) status over a period of 10 years. 

Impaired IADL was defined as self-reported difficulty or needing assistance performing any IADL 

at Year 10. A one-word decrease in WLL over a 10-year span increased the odds of impaired 

IADL by 16% (95% CI 1.08–1.24) and incident cognitive impairment increased the odds of 

impaired IADL by 59% (95% CI 1.36–1.85) when adjusting for demographic factors, health-

related behaviors, vascular risk factors and disease, and depressive symptoms. Cognitive change 

most strongly predicted impairment in managing finances (OR 2.47, 95% CI 2.04–3.00) and 

driving (OR 2.06, 95% CI 1.73–2.44).
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INTRODUCTION

Instrumental activities of daily living (IADL) include complex daily tasks necessary for 

independent living (e.g., doing household chores, shopping, preparing meals, using 
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transportation, managing finances and medications). Decline in IADL is significantly related 

to cognitive impairment and has been shown to predict both MCI and dementia-level 

cognitive impairment (Bangen et al., 2010; Barberger-Gateau et al., 1992; Peres et al., 2008; 

Perneczky et al., 2006; Rajan, Hebert, Scherr, Mendes de Leon, & Evans, 2013; 

Reppermund et al., 2013; Reppermund et al., 2011). This relationship is bidirectional; 

cognitive decline predicts the onset and rate of progression of functional deficits and 

disability (Cahn-Weiner et al., 2007; Rajan et al., 2012; Tomaszewski Farias et al., 2009). 

However, most of the research in this area has focused on IADL decline as a predictor of 

cognitive impairment; there is a relative lack of research prospectively examining cognition 

over time as a predictor of IADL impairment, especially in population-based samples.

The studies that have examined cognition as a predictor of IADL impairment have notable 

limitations: they utilized smaller samples of convenience (e.g., patients attending memory 

disorders clinics oversampling Alzheimer disease pathology, retirement communities 

oversampling affluent residents and healthy aging, or those comprised only of older adults) 

resulting in selection bias and limiting generalizability of results (Cahn-Weiner et al., 2007; 

Royall, Palmer, Chiodo, & Polk, 2004; Tomaszewski Farias et al., 2009); some of these 

studies did not control for relevant health variables, including depression, which have a 

significant impact on functional ability (Cahn-Weiner et al., 2007; Tomaszewski Farias et al., 

2009); two of the published studies examined informant/clinical-rated functioning via the 

Blessed-Roth Dementia Rating Scale, which covers memory and orientation and is 

comprised of only two items relating to actual IADL as typically conceptualized (i.e., 

“perform household tasks”; “cope with small amounts of money”) (Cahn-Weiner et al., 

2007; Tomaszewski Farias et al., 2009).

In the present study, we examined the relationship between longitudinally-assessed cognitive 

functioning and subsequent self-reported IADL functioning in a national, population-based 

sample. IADL are commonly assessed via self-report measures and have been shown to be 

valid in an MCI sample and less biased than informant-ratings in a non-demented sample 

(Dorevitch et al., 1992; Farias, Mungas, & Jagust, 2005), although informant-reported 

functional ability may better predict progression to dementia (McAlister, Schmitter-

Edgecombe, & Lamb, 2016; Tabert et al., 2002). Furthermore, informant report is limited by 

the availability of a reliable informant; in one study up to 40% of informants either 

underreported or overreported the cognitive ability of older adults with memory difficulties 

(Kemp, Brodaty, Pond, & Luscombe, 2002). We hypothesized that incident cognitive 

impairment and cognitive decline over a 10-year period would result in significantly 

increased odds of IADL impairment (i.e., self-reported difficulty and/or assistance 

performing IADL) at follow-up, after controlling for variables that are potential 

confounders.

METHODS

Sample.

The REasons for Geographic and Racial Differences in Stroke (REGARDS) study is an 

ongoing national prospective cohort study of 30,239 adults aged 45 and above at baseline, 

enrolled between January 2003 and October 2007 (Howard et al., 2005). The cohort is 42% 
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non-Hispanic African Americans (AA), 58% non-Hispanic Caucasians, 56% residents of 

eight southeastern “Stroke Belt” states, and 44% residents of the other 40 contiguous United 

States. A commercially available list was used to identify individuals who were contacted by 

mail, followed by telephone calls. Eligibility criteria for REGARDS included non-Hispanic 

AA or Caucasian race, age of 45 or greater (no upper age limit), absence of conditions 

associated with a life-expectancy of less than 5 years, not being in or on a waiting list for 

nursing home care, and ability to participate in interviews.

Trained interviewers obtained demographic information, medical history, and lifestyle 

factors through a computer-assisted telephone interview (CATI). Three to four weeks after 

the CATI, a home visit was conducted including written informed consent, a physical exam 

with blood pressure measurements, collection of blood and urine samples, and an 

electrocardiogram (ECG). Follow-up is by CATI every 6 months. Starting in April of 2013, 

using a similar protocol, active participants were invited to undergo a second risk factor 

assessment approximately 10 years after the baseline. Through December 2016, 15,434 

participants completed the second in-person assessment. All participants provided informed 

consent for this follow-up visit. The study methods were approved by institutional review 

boards of all participating institutions.

In addition to participation in the Year 10 post-enrollment assessment, participants were 

required to have more than one Six-Item Screener (SIS) assessment for classification of 

incident cognitive impairment. Those with cognitive impairment at baseline (SIS ≤4) were 

excluded from analyses of incident cognitive impairment but not from analyses of cognitive 

change trajectories based on the short battery measures

Measures.

IADL.—The Minimum Data Set (MDS) is part of the United States federally mandated 

clinical assessment for those in Medicare or Medicaid certified nursing homes and reliably 

captures functional status (Hawes et al., 1995). Performance for IADL, as adapted from the 

MDS, was collected as a telephone-administered self-report measure during the Year 10 

CATI assessment. Participants were queried to select one of three responses for each of 

seven IADL (i.e., doing household chores, purchasing items at a store, planning and 

preparing meals, managing money, using a telephone or cell phone, taking medications on 

time and as prescribed, and traveling by vehicle): ‘I could do it by myself with no difficulty’

(0), ‘I could do it by myself with some difficulty’(1), or ‘I would need someone to help me 

do it’ (2). Total scores could range from 0 to 14. Impaired IADL was defined as any 

response other than ‘I could do it by myself with no difficulty’ (i.e., IADL ≥ 1).

Cognitive function assessments.—Cognitive measures, including the Six-Item 

Screener (SIS), Letter ‘F’ Fluency (LF) from the Montreal Cognitive Assessment (MoCA) 

(Kennedy et al., 2014) and the Consortium to Establish a Registry for Alzheimer’s Disease 

(CERAD) Animal Fluency (AF), Word List Learning (WLL), and Word List Delayed Recall 

(WLD) were telephone-administered longitudinally in REGARDS via standardized scripts 

by formally trained and certified interviewers. Telephone administration of these or similar 
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measures is reliable and valid in older adults, with scores practically identical to in-person 

administration (Rapp et al., 2012; Unverzagt et al., 2007; R. S. Wilson et al., 2010).

The SIS was collected annually starting in December 2003. It consists of 3-item recall and 

3-item temporal orientation (score range, 0–6). The SIS has been validated in both 

community and clinical samples and among both AA and Caucasian adults with strong 

positive and negative predictive values for the gold standard of clinically evaluated cognitive 

impairment inclusive of dementia (SIS score ≤4) (Callahan, Unverzagt, Hui, Perkins, & 

Hendrie, 2002). All other cognitive measures were collected biennially starting in 2006. The 

CERAD WLL measures list-learning ability across three trials (score range, 0–30) and WLD 

measures verbal memory (score range, 0–10) (Morris et al., 1989). AF and LF measure word 

generation with scores consisting of the number of valid responses generated in 60 seconds. 

For all measures, higher scores indicate better performance.

Covariates.—Baseline demographics included age in years, sex, race, education (‘less than 

high school’, ‘high school graduate’, ‘some college’, or ‘college graduate and above’), 

income (<$20k, $20k-$34k, $35k-$74k, ≥$75k per year, or refuse to answer), and region of 

residence (stroke belt or other). Baseline health covariates included self-reported physical 

activity (any bouts per week of intense physical activity sufficient to work up a sweat, or 

none), diabetes (fasting glucose >126 mL/dL, nonfasting glucose >200 mL/dL, or self-

reported use of diabetes medications), hypertension (systolic blood pressure >140 mm Hg, 

diastolic blood pressure >90 mm Hg, or self-reported use of hypertension medications), 

coronary artery disease (self-reported physician diagnosis of myocardial infarction, self-

reported coronary revascularization, or evidence of myocardial infarction on ECG), and self-

reported history of stroke (yes or no). Incident stroke during follow-up was adjudicated by 

study physicians using medical and hospital records (yes or no). Depressive symptoms were 

measured concurrently with the IADL assessment at the Year 10 post-enrollment visit using 

the 10-item Center for Epidemiological Studies Depression Scale (CES-D). A CES-D score 

≥10 was used to indicate high depression risk (score range 0–30) (Andresen, Malmgren, 

Carter, & Patrick, 1994).

Statistical analyses.

Missingness was examined for covariates: 11% of included participants had a least one 

missing value; with 0.63% of data points missing overall. Multiple imputation was 

conducted and regression analyses were run on each imputed data set (m=5) and pooled to 

compute parameter estimates (Rubin, 1996, 2004).

For analyses that included the short battery of continuous cognitive measures as the 

predictor of interest, a two-stage model was used with the first stage being the estimation of 

slopes using separate linear mixed-effect models for each continuous cognitive measure (AF, 

LF, WLL, WLD) while controlling for age at baseline (Diggle, 2002). Time was computed 

as years from individual baseline date to date of respective assessments. The second stage 

used the individual estimated slopes from the mixed models (multiplied by −1 to code for 

decline in performance) in regression models (Diggle, 2002). For analyses that included 

incident cognitive impairment as the predictor of interest, incident cognitive impairment was 
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defined as a shift from a SIS score ≥5 at the first assessment to a SIS score ≤4 at the latest 

available assessment. Time between the first and last SIS assessment was controlled for in 

respective models. Analyses were also performed for a stratified sample of those ≥65 years 

of age, of interest due increased risk of neurodegenerative dementia. Incrementally-adjusted 

logistic regression models were conducted for the cognitive predictors of interest.

Several sensitivity analyses were conducted. For analyses with the SIS as a predictor 

variable, we examined more rigorous definitions of incident cognitive impairment (i.e., a 

shift to ≤4 at the last two available assessments) as well as incident dementia-level 

impairment (i.e., a shift to ≤3 at the latest available assessment). Analyses were conducted 

using IBM SPSS Statistics Version 24.0 (Armonk, NY: IBM Corp.) and SAS Version 9.4 

(SAS Institute, Cary, NC).

RESULTS

A total of 14,453 participants with complete outcome data at the Year 10 visit post-

enrollment comprised the analysis cohort. Figure 1 displays a graphical representation of the 

participants. Table 1 presents the sample’s descriptive characteristics by IADL status; 33.6% 

endorsed IADL impairment. Those with impaired IADL were older, more likely to be 

women and AA, have lower education and income, less likely to engage in physical activity, 

have higher prevalence of cardiovascular risk factors/disease, and endorsed higher 

depressive symptom. Table 2 presents individual IADL item frequencies, including item 

frequencies by incident cognitive impairment status. The most endorsed impaired IADL 

item was “doing household chores” (21.5%) and the least endorsed item was “using a 

telephone or cell phone” (3.9%).

Change slopes for the effect of each decade of time on cognitive measures revealed 

approximately 2 less AF words generated per decade of follow up (b= −0.23), 1 less LF 

word generated (b= −0.08), 0.4 additional words learned for WLL (b=0.04), and 0.2 

additional words recalled for WLD (b=0.02) (p<.001 for all models). Table 3 presents the 

logistic regression summaries for models including estimated cognitive change slopes as the 

predictors of interest for impaired IADL; only WLL decline significantly predicted impaired 

IADL in the fully adjusted model. In the fully adjusted model for the full sample, a one-

word decrease in WLL over a 10-year span increased the odds of impaired IADL by 19% 

(95% CI 1.11–1.27). The association of a one-word decrease in WLL over a 10-year span 

with impairment of specific IADL items, when accounting for control variables, was: ‘using 

a telephone or cell phone’ (OR 1.33, 95% CI 1.14–1.54); ‘managing your money, such as 

paying bills’ (OR 1.32, 95% CI 1.18–1.48); ‘purchasing items at a store’ (OR 1.28, 95% CI 

1.16–1.41); ‘traveling by vehicle to places beyond walking distance’ (OR 1.21, 95% CI 

1.10–1.33); ‘doing household chores’ (OR 1.13, 95% CI 1.05–1.22); and ‘planning and 

preparing meals’ (OR 1.13, 95% CI 1.04–1.24). ‘Taking medications on time and as 

prescribed by the doctor’ was not significantly related to a one-word decrease in WLL score.

Table 4 presents the model summaries for incident cognitive impairment as the predictor of 

interest. In the fully adjusted model, incident cognitive impairment increased the odds of 

impaired IADL by 64% (95% CI 1.41–1.90). In fully-adjusted sensitivity analyses, the 
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association was larger for the more rigorous definition of persisting incident cognitive 

impairment on the SIS at the last two assessments (OR 2.14, 95% CI 1.65–2.78) and for 

incident dementia-level impairment (OR 1.91, 95% CI 1.53–2.39) (supplemental table). The 

association of incident cognitive impairment with impairment of specific IADL items, when 

accounting for control variables, was as follows: ‘managing your money, such as paying 

bills’ (OR 2.47, 95% CI 2.04–3.00); ‘traveling by vehicle to places beyond walking 

distance’ (OR 2.06, 95% CI 1.73–2.44); ‘purchasing items at a store’ (OR 1.51, 95% CI 

1.25–1.83); ‘taking medications on time and as prescribed by the doctor’ (OR 1.50, 95% CI 

1.19–1.89); ‘using a telephone or cell phone’ (OR 1.44, 95% CI 1.10–1.88); and ‘planning 

and preparing meals’ (OR 1.36, 95% CI 1.14–1.62). ‘Doing household chores’ was not 

significantly related to incident impairment.

DISCUSSION

We examined the association of cognitive change with subsequent self-reported IADL 

functioning in a national, population-based sample and demonstrated that incident cognitive 

impairment and decline in word list learning lead to self-reported IADL impairment 

(difficulty and/or assistance) in a national sample of adults from the 48 contiguous United 

States. This is also the first study we are aware of to delineate longitudinal cognitive change 

to impairments on specific IADL items in a national, population-based sample.

Managing finances and driving showed the largest discrepancies between those with incident 

cognitive impairment vs. those without, suggesting that these self-reported IADL may be 

particularly indicative of impaired cognition in this sample, which is concordant with the 

research showing that financial ability is the earliest IADL impacted by cognitive decline, 

likely due to its complex and multifaceted nature. It is also the IADL that most strongly 

predicts conversion to dementia (Gold, 2012). In fact, impairments for more cognitively 

demanding IADL, such as managing finances, has been shown to precede MCI diagnosis 

(Reppermund et al., 2013). This underlines the importance of examining specific IADL 

impairments in addition to broad functional ability in both healthy older adults and those 

with cognitive impairment, which is a strength of the present study.

Among the variables that were significantly related to IADL impairment in the models, high 

depression risk, health conditions (especially history of stroke and incident stroke), incident 

cognitive impairment, income level (i.e., high income was a protective factor), and being 

female showed the largest effect sizes. Interestingly, having lower education and being 

African American were not strongly associated with IADL impairment in the REGARDS 

sample despite a consistent relationship in the literature, suggesting that other variables (e.g., 

income, health status) may be in part responsible for this finding or that the magnitude of 

effect of education may be decreasing as the rate of functional impairment over time 

decreases (Freedman, Martin, & Schoeni, 2002). Being female is a well-established risk 

factor for functional impairment, which has been explained by the higher prevalence of 

chronic but nonfatal diseases and the higher prevalence of Alzheimer’s disease in females 

(Alzheimer’s, 2015; Murtagh & Hubert, 2004).
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Despite variability across studies, deficits in executive functioning (namely, executive 

components of attention and working memory as opposed to word generation) and memory 

domains are the most implicated in functional impairment (Gold, 2012; McAlister et al., 

2016). This is consistent with our findings, which showed that a decline in word list learning 

ability, an index of attention and working memory, was the only significant predictor of 

functional impairment among the four short battery measures. Long-delay and more 

contextually-based memory measures (e.g., narratives) seem to better predict functional 

ability (McAlister et al., 2016), which may explain in part why a modest decline in episodic 

memory (CERAD word list recall following a 5 minute delay) was not strongly associated 

with functional impairment in the current study. Although change slopes for continuous 

cognitive measures were coded for decline for the purposes of predictive models, the sample 

showed a very slight increase in WLL and WLD scores over time (i.e., less than 1 word 

increase over a 10-year time span). This was also true in a separate study utilizing the 

REGARDS sample (Levine et al., 2015), which is suggestive of a small practice effect that is 

characteristic of healthy survivors and not unexpected for a cohort study.

Although there is an established relationship between depression and IADL (Freedman et 

al., 2002; Rajan et al., 2013), this study highlighted the importance of depressive symptom 

burden and self-reported IADL impairment. The strong relationship between these variables 

is likely due in part to the fact that depressive symptoms and IADL were collected at the 

same time, depressive symptoms (e.g., amotivation) impact participation in day-to-day 

activities, and that depression as a state produces a strong tendency towards negative 

appraisals and symptom endorsement. This is important as there also is strong association 

between depression and dementia in older adults (Byers & Yaffe, 2011), such as an 

increased risk of developing Alzheimer’s disease (Robert S Wilson et al., 2002). A proposed 

mechanism for this association conceives of depression as contributing to both the 

unmasking of clinical symptoms and hippocampal damage (Jorm, 2001).

Primary strengths of this study are the large population-based sample and the long duration 

of follow-up. While etiology of cognitive impairment was not clinically determined, the 

inclusion of multiple medical comorbidities enabled us to control for common conditions 

such as hypertension and diabetes, and relatively rare conditions such as stroke. Therefore, 

the relationship of cognitive change over time to self-reported IADL status as elucidated in 

this study is highly generalizable to the population, both across the continuum of severity of 

cognitive decrements and encompassing both medical and all-cause cognitive change. This 

is important as poor cognitive functioning has been shown to be related to sharp functional 

decline, followed by death, even in the absence of dementia (Dodge, Du, Saxton, & Ganguli, 

2006).

A limitation of this study was the lack of informant-reported IADL status, which would have 

helped assess the validity of the results. The preservation of insight is a complex and 

heterogeneous construct related to multiple variables (Howorth & Saper, 2003). Etiology of 

cognitive decline is important when considering level of insight, especially given that clinic 

studies tend to oversample amnestic MCI populations. Generally speaking, the validity of 

self-reported status decreases as the severity of cognitive impairment increases. However, 

evaluation of self-reported functional ability is important and widely used as a reliable 
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informant may not always be available (particularly in the context of cohort studies) and the 

validity of informant-report may vary depending on the relationship to the individual in 

question. As in any longitudinal study examining health and older adults, participants are 

lost to follow-up due to increasing age, declining health, cognitive impairment, or death 

(Chatfield, Brayne, & Matthews, 2005). However, in a separate REGARDS study, 

longitudinal change was not different among returning participants and those lost to follow-

up (Levine et al., 2015). Overall, attrition does not appear to affect relationships between 

variables and therefore does not necessarily limit generalizability (Goodman & Blum, 1996; 

Gustavson, von Soest, Karevold, & Roysamb, 2012; Salthouse, 2014).

IADL was measured at one time point in the present study. Research is lacking regarding the 

validity of self-reported severity and duration of impairment, but it is likely to be less 

accurate and more subject to recall bias as compared to self-report of current status. 

Duration of symptoms may be better ascertained by longitudinal serial assessments of 

functional status, which is an important future direction of this research. While the literature 

suggests that the association between functional and cognitive ability is comparable for 

questionnaires and performance-based measures, it is important to note that these methods 

are not highly correlated and are not equivalent to one another (McAlister et al., 2016). 

Incorporating a multimodal approach of assessing IADL status in future studies (including 

both self and informant-report questionnaires and performance-based measures) would 

increase the validity of findings and further elaborate on the relationship of cognition and 

IADL. Controversy remains as to how well any measure maps on to everyday, real-world 

functioning (McAlister et al., 2016). Given that ecological validity is essential to assessing 

functional ability, an additional important future direction would be to assess functional 

ability in-vivo when possible (e.g., on-the-road driving assessment, naturalistic in-home 

assessment).

Incident cognitive impairment significantly and strongly resulted in increased odds of self-

reported IADL impairment at 10-year follow-up after controlling for multiple demographic 

and health variables in this large, population-based sample. Our results inform the 

relationship of cognitive change to IADL and imply that screening for impaired IADL is 

useful in population-based samples. In addition, it is not cognitive decline per se that is most 

feared by older adults. Rather, it is the loss of independence in performing cognitively 

demanding activities of daily living that is the greater fear and more clinically meaningful 

loss.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1 - Participant Cohorts
A visualization of participant cohorts for the present study analysis, as derived from the total 

REasons for Geographic and Racial Differences in Stroke (REAGRDS) sample. Sample 

sizes are displayed by exclusion criteria for respective predictors of interest (i.e., incident 

cognitive impairment and cognitive change slopes).
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Table 1 -

Baseline Participant Characteristics by IADL Status

Variables IADL = 0 (n = 9,602) IADL ≥ 1 (n = 4,851) p-value

Age (at baseline), mean (SD) 62.68 (7.89) 65.46 (8.72) < .001

Female 5,161 (53.7%) 3,031 (62.5%) < .001

African American 3,340 (34.8%) 2,067 (42.6%) < .001

Education < .001

 Less than high school 536 (5.6%) 580 (12%)

 High school graduate 2,097 (21.8%) 1,321 (27.2%)

 Some college 2,534 (26.4%) 1,304 (26.9%)

 College graduate and above 4,435 (46.2%) 1,646 (33.9%)

Income < .001

 < $20,000 884 (9.2%) 962 (19.8%)

 $20,000 - $34,000 1,886 (19.6%) 1,285 (26.5%)

 $35,000 - $74,000 3,436 (35.8%) 1,407 (29%)

 $75,000 + 2,439 (25.4%) 591 (12.2%)

 Refused 957 (10%) 606 (12.5%)

Residing in stroke belt 5,278 (55%) 2,679 (55.2%) .51

Physical activity (any) 7,120 (74.2%) 3,052 (62.9%) < .001

Diabetes 1,323 (13.8%) 1,170 (24.1%) < .001

Hypertension 4,723 (49.2%) 3,129 (64.5%) < .001

Coronary artery disease 1,017 (10.6%) 873 (18%) < .001

Self-reported baseline stroke 237 (2.5%) 306 (6.3%) < .001

Incident adjudicated stroke 207 (2.2%) 266 (5.5%) < .001

Incident cognitive impairment 508 (5.3%) 624 (12.9%) < .001

High depression risk (CES-D ≥10 at Year 10) 487 (5.1) 1,174 (24.2) < .001

CES-D = Center for Epidemiological Studies Depression Scale

IADL = 0 means no difficulty or assistance needed for any IADL

IADL ≥ 1 means difficulty or assistance needed for one or more IADL
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