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Abstract

Introduction: The aim is to test whether adding a simple physical test such as walk-

ing speed (WS) to the neuropsychological assessment increases the predictive ability

to detect dementia.

Methods: The 2546 dementia-free people from the SNAC-K study were grouped into

four profiles: (1) healthy profile; (2) isolated cognitive impairment, no dementia (CIND,

scoring 1.5 standard deviation below age-specific means on ≥1 cognitive domains); (3)

isolated slowWS (<0.8 m/s); (4) CIND+ slowWS. The hazard of dementia (Cox regres-

sion), the positive and negative predictive values (PPV, NPV), and the area under the

curve (AUC) were estimated.

Results:Participantswith CIND+slowWSdemonstrated the highest hazard of demen-

tia (3.4; 95%confidence interval [CI]: 2.5–4.8). TheAUC increased from0.69 for isolated

CIND to 0.83 for CIND+ slowWS. Such an increase was due to the improvement of the

PPV, the NPV remaining optimal.

Discussion:AddingWS to the cognitive assessment dramatically increases the diagnos-

tic accuracy of prodromal dementia.
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1 INTRODUCTION

Cognitive impairment, no dementia (CIND) has been consistently

shown to be strongly associated with further cognitive decline and to

be a relevant at-risk condition for incident dementia.1,2 Consequently,

CIND has the potential of becoming a useful clinical marker to identify

older adults with a higher probability of developing dementia.3,4 How-

ever, the actual significance of this cognitive stage, as well as several

issues related to its progression, are not yet fully clarified.5 Many older
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individuals with CINDwill remain cognitively stable or even revert to a

normal state of cognition, with a reversion rate as high as 30%.6 Such

heterogeneity is one of the major reasons for the low level of predic-

tivity as concerns dementia. To overcome this limitation, research has

recently focused on the identification of biomarkers that may help to

increase the prediction of cognitive impairment.7 However, their costs

and the necessity of a specialist clinical setting limit their applicability

at population level. In other words, a clinically valid filter for dementia

is still lacking.
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Recently, some researchers have focused their attention on the

physical functions of older people with cognitive impairment, suggest-

ing that simple measurements such as walking speed (WS) may help in

separate CIND individuals who will progress to dementia from those

who will not.8–12 However, some questions remain unanswered:What

is the added value of WS on top of the cognitive assessment in the

prediction of dementia? Does its discriminative power decline over

longer follow-up? Strong evidence indicates WS as a clinical marker of

accelerated aging13 and a good predictor of negative health-related

outcomes such as mortality and disability.14,15 A number of studies

have shown also that slow WS might predict poorer cognitive perfor-

mance and subsequent dementia.16–18 Although largely an automatic

movement and considered a relatively simplemotor task, gait demands

the coordination of different cortical and subcortical brain regions

and networks and some researchers have shown that slower WS is

strongly related to decreasing perceptual speed.13,19 All these findings

provide a good biologic rationale to the hypothesis that gait speed

could be a useful complement to standard neuropsychological tests in

the detection of prodromal dementia.20

In line with this hypothesis, over the last few years we have

started to explore the body–mind connection in the development of

dementia.21–23 In this study, focus is on both cognitive and physi-

cal impairments and the ability to detect individuals with prodromal

dementia. The specific aims are (1) to quantify the hazard of demen-

tia of isolated CIND, isolated slow WS, and their combination over a

12-year period; and (2) to testwhether addingWS to the neuropsycho-

logical assessment improves the predictive power of CIND as concerns

dementia.

2 MATERIALS AND METHODS

2.1 Study population

We used data from the Swedish National Study on Aging and Care

in Kungsholmen (SNAC-K), an ongoing population-based longitudinal

study, detailed elsewhere.24 The study includes people aged 60+ liv-

ing either at home or in institutions and resident in the Kungshol-

men district of Stockholm. Of 5111 people randomly selected from

11 age cohorts, 73.3% (n = 3363) were examined. Participants have

been followed up regularly, namely every 6 years (≤78 years) and every

3 years (78+).
People with prevalent dementia, severe vision or hearing problems

that prevented them fromundergoing the neuropsychological test bat-

tery, and those with missing data in the neuropsychological battery or

in the WS test were excluded, and the final sample was 2546 partic-

ipants. Of those, 538 took part only in the baseline assessment, due

to death or refusal. Those participants were more likely to be older,

female, with a lower level of education, andwith a higher burden of dis-

eases than the participantswho showed at least two time-point assess-

ments (P< 0.001 for all).

TheRegional Ethical ReviewBoard in Stockholm, Sweden, approved

the protocols of the SNAC-K Study. All participants or next of

RESEARCH INCONTEXT

1. Systematic review: After conducting a systematic review

of the literature (PubMed and Web of Science) we

retrieved three studies reporting a significant interplay

between cognitive and physical impairments in the devel-

opment of dementia, and two studies reporting nega-

tive results. Short follow-ups, the utilization of subjective

measures of cognitive impairment, and the involvement

of samples non-representative of the general population

limit the comparability and generalizability of these—yet

contrasting—results.

2. Interpretation: People presenting concurrently with cog-

nitive and physical impairments experience the highest

hazard of developing dementia over time. Adding walk-

ing speed to the cognitive battery improved the diagnos-

tic accuracy of cognitive impairment in identifying inci-

dent dementia, suggesting that an easy-to-perform phys-

ical test reliably identifies patients who will progress to

dementia.

3. Future directions: Studies on the biologic mechanisms

underlying both cognitive and physical decline might

open new research avenues for the prevention and treat-

ment of dementia.

kin (for cognitively impaired individuals) provided written informed

consent.

The results follows the STROBE Recommendations.25

2.2 Data collection and definitions

In all waves, data were collected at the research center following stan-

dard procedures. At baseline and at each follow-up assessment, nurses,

physicians, and psychologists examined the participants and collected

clinical, functional, laboratory, and cognitive data.

2.2.1 Cognitive impairment, no dementia

As previously described,12 we operationalized CIND when an objec-

tive impairment in cognition was detected (participants’ scores below

1.5 standard deviations [SDs] or more in age-specific means in at

least one cognitive domain), without meeting the diagnostic criteria

of dementia.2 The following cognitive tests were administered: free

recall (episodic memory), Trail Making Test Part B (executive function),

Category and Letter Fluency (language), mental rotation (visuo-spatial

abilities), digit cancellation, and pattern comparison (perceptual

speed). The raw scores were standardized into z scores using the

baseline mean and SD of a random sample. In case of more than one
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test, we created the cognitive domain by averaging the z scores of the

tests. The same procedurewas used to create CIND at follow-up, using

the baseline cut-offs.

2.2.2 Walking speed

Participants walked at usual pace over 6 or 2.4 m (if the individual

reported to walk slowly or if space was restricted).19,26 When the

participant was unable to walk a value of zero was computed.We used

a cutoff of<0.8m/s to define slowWS.13,27

2.2.3 Functional profiles

We grouped participants into four, mutually exclusive functional pro-

files basedon thepresenceofCINDand slowWS: (1) healthy functional

profile—without CIND and with a WS ≥ 0.8 m/s (reference group), (2)

isolatedCIND, (3) isolated slowWS, and (4) bothCINDand slowWS.As

sensitivity analyses,weused analternative operationalizationof cogni-

tive impairment, by using a cutoff of 27 on theMiniMental State Exam-

ination (MMSE), which is a commonly used screening tool in primary

care and specialist clinical settings.28 Thus, we obtained the following

four functional profiles: (1) healthy functional profile—MMSE≥ 27 and

WS ≥ 0.8 m/s (reference group), (2) isolated MMSE < 27, (3) isolated

slowWS, and (4) bothMMSE< 27 and slowWS.

2.2.4 Covariates

Data on age, sex, and education (highest level of formal education)

were collected from the nurse’s interview. A body mass index (BMI,

kg/m2) <18.5 kg/m2 was considered indicative of malnutrition.29 Mar-

ital status was categorized as: partnered, widowed, unmarried, or

divorced. Data from clinical interviews and examination, laboratory

tests, use of medications, and inpatient and outpatient registers from

the Swedish National Patient Register were used to identify chronic

conditions,30 coded following the International Classification of Dis-

eases, 10th edition. We considered cardio- and cerebrovascular dis-

eases (ie, ischemic heart disease, heart failure, atrial fibrillation, dia-

betes, or stroke), chronic obstructive pulmonary disorders, solid neo-

plasms, and depression. As measure of global cognition we used the

MMSE. DNA was extracted from peripheral blood samples and the

apolipoprotein E (APOE) alleleswere genotyped. Participantswere cat-

egorized as 𝜀4-carriers (≥𝜀4 allele) and 𝜀4-no-carriers.

2.2.5 Dementia diagnosis

The diagnosis of dementia was made both at baseline and at each

follow-up in accordance with the DSM-IV-TR,31 following a three-step

procedure. First, a preliminary diagnosis was made by the examin-

ing physician, followed by second preliminary diagnosis by a review-

ing physician also involved in data collection. In cases of disagree-

ment between the first and the second diagnoses, the final diag-

nosis was made by a neurologist who was external to the data-

collection process.3 For those participants who died between two

follow-up assessments, we complemented the diagnosis of demen-

tia by: (1) linking the SNAC-K database with the Swedish National

Cause of Death Register, and (2) reviewing the clinical charts and

medical records of the participants who died between two follow-up

assessments.

2.3 Statistical analysis

Multiplicative interaction between baseline CIND and slow WS was

tested including both as indicator variables in the model (P for

interaction <0.001). The association between the functional profiles

and dementia was tested through Cox regression models. The pro-

portional hazard assumption was assessed by regressing the scaled

Schoenfeld residuals against survival time. No deviation from the pro-

portional hazard assumption was detected. Because both the expo-

sures and the outcome of this study are strongly influenced by age, age

was used as time scale in the model. Adjusted hazard ratios (HRs) and

95% confidence interval (CI) were obtained. First, the functional pro-

files were considered only at baseline. Second, the same association

was assessedby entering the functional profiles and the covariates into

the model as time-changing variables. This analysis assessed the stud-

ied association, accounting for the evolution of the exposure and the

covariates over time.

Diagnostic accuracy measures (sensitivity, specificity, positive and

negative predictive values [PPV, NPV], positive and negative likelihood

ratios [LR+, LR−] and area under the curve [AUC] and their 95% CIs)

were obtained for each functional profile, using the clinical diagnosis

of dementia as reference standard within the first 6 years of follow-

up. Because age is strongly associatedwith both functional profiles and

dementia, we tested the interaction between functional profiles and

age (<78 and 78+ years, following the design of SNAC-K) and we con-

ducted stratified analyses (P for interaction<0.001).

2.3.1 Sensitivity analyses

The following sensitivity analyses for the survival and the prediction

models were conducted. For the survival analysis: (1) we excluded the

individuals with a MMSE<27 at baseline, (2) we repeated the analy-

ses by using the MMSE to operationalize cognitive impairment, and

(3) we performed a competing-risk model to estimate the association

between the functional profiles and dementia while considering death

without dementia as a competing event. Concerning the accuracymea-

surements: (1) we repeated the analyses for the long-term follow-up

(6–12years) consideringbothonly thebaselineassessmentof the func-

tional profiles and their change within the first 6 years, (2) we used a

different cutoff of slowWS (ie, 1m/s), and (3) we repeated the analyses

using theMMSE to operationalize cognitive impairment.
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To test whether attrition might have affected the findings we

repeated: (1) the survival analyses using competing risk regression

models considering drop-out status as a competing event and (2) the

predictionmodels excluding thosewhodropped-out. The proportion of

missing covariates was 5.7% for APOE genotype; no other missing data

have beendetected. A complete data analysiswas carried out on94.3%

of the cohort.

A P-value <0.05 was considered statistically significant in all anal-

yses. All analyses were performed using Stata version 14 (StataCorp,

College Station, Texas, USA).

3 RESULTS

During the follow-up (mean 8.5 years ± 4.0), of the 2546 people, 787

individuals died (n=239among the younger cohort; n=548among the

older); 538 people dropped out (n = 330 among the younger cohorts;

n = 208 among the older), and 193 incident dementia cases were

identified. Among those who died between follow-up assessments,

by analysis of their clinical charts and the death register, 117 new

dementia cases were retrieved. Overall, 310 incident dementia cases

were identified (n= 78 among the younger cohorts; n= 232 among the

older). Table S1 in supporting information shows the incident rate (IR)

of dementia per 100 person years by functional profiles stratified by

age. CIND+ slow WS had the following IR: 2.40 per 100 person-years

in the younger group and 7.68 per 100 person-years in the older group.

Incident cases were more likely to be women and with a high school

educational level or below, older, with a greater number of chronic

conditions, with a lower score at theMMSE, andweremore likely to be

carriers of the allele 𝜀4 of APOE (p< 0.001 for all).

Figure S1 in supporting information depicts the study participation

flow chart over the 12-year follow-up.

At study entry, the mean (±SD) age of the population was 72 (±9.9),
61% were female, and 14% had elementary-level education. Sample

baseline characteristics by functional profiles are shown in Table 1.

People with co-occurring CIND and slow WS were more likely to be

older, women, to have a lower level of education, a greater number of

chronic diseases, and a lower MMSE score than those in the healthy

functional profile.

Figure 1 shows the association between the functional profiles and

dementia. In a fully adjusted model (for sex, education, chronic dis-

eases, malnutrition, and APOE genotype) with age as time scale and

considering the functional profiles and the covariates only at baseline,

thosewith co-occurringCINDand slowWS showedmore than a three-

fold higher risk of dementia (HR: 3.4; 95% CI: 2.5−4.8) compared to

those in the healthy functional profile. Isolated CIND was associated

with a two-fold higher risk of dementia (HR: 2.2; 95% CI: 1.6−3.0); no
statistically significant association was detected between the isolated

slow WS profile and dementia (HR: 1.2; 95% CI: 0.8−1.7). Consistent
but attenuated results were obtained when we excluded those with a

MMSE <27 (HR for isolated CIND: 2.0; 95% CI: 1.4−2.8; HR for iso-

lated slowWS: 1.0; 95% CI: 0.7−1.6; HR for combined CIND and slow

WS: 2.7; 95%CI: 1.8−4.1).

Consistent but stronger results were found when the functional

profiles were considered time-changing variables. People with both

CIND and slow WS showed a five-fold higher risk of dementia (HR:

4.9; 95%CI: 3.1–8.1), those with isolated CIND had a three-fold higher

risk of dementia (HR: 3.2; 95% CI: 1.9–5.3), and people with isolated

slow WS had 50% increased risk of dementia (HR: 1.50; 95% CI: 0.9–

2.6), although not statistically significant, with respect to the reference

group.When the analyseswere repeated excluding thosewith aMMSE

lower than 27 at baseline, similar but attenuated results were found

(HR for isolated CIND: 2.6; 95% CI: 1.6–4.1; HR for isolated slowWS:

1.9; 95%CI: 1.2–3.1; HR for combinedCIND and slowWS: 4.0; 95%CI:

2.4–6.6).

Figure 2 depicts the predictive accuracy of functional profiles (AUC:

area under the ROC curve) as concerns the identification of demen-

tia within the first 6 years of follow-up. Table S2 in supporting infor-

mation shows the diagnostic accuracy measurements of the different

functional profiles. All the accuracy measurements became stronger

when CIND and slowWSwere combined, achieving the best AUC. The

presence of isolated CIND was more accurate in predicting incident

dementia among the younger cohort with an AUC of 0.75 (95% CI:

0.61–0.88), while the AUC for isolated CIND in the older group was

0.70 (95% CI: 0.62–0.77). In the younger cohort, adding WS led to a

minor improvement in the AUC in the prediction of dementia (0.76;

95%CI: 0.59–0.94); conversely, in the older cohort a statistically signif-

icantly higher AUC was detected when CIND was combined with slow

WS (0.82; 95% CI: 0.76–0.87). Such an increase was due to a signifi-

cant improvement of the PPV (from10% to 51%), NPV remaining at an

equally high level (over 98%). Table S3 in supporting information shows

the diagnostic accuracy for dementia of the different profiles, using a

cutoff of WS of 1.0 m/s. The accuracy in the prediction of dementia

improved in the younger participants, but at the expense of specificity

across age groups and in the overall population.

Concerning the AUC, consistent but attenuated results were

obtained for the longer follow-up (6–12 years), when the functional

profiles were considered time changing during the first 6 years of

observation (Table S4 in supporting information). Conversely, the sin-

gle baseline assessment of the profiles did not predict dementia in the

long run.

Regarding both the survival analysis and the prediction model, the

direction and significance of the studied association remained similar,

although slightly attenuated, when we used MMSE to operationalize

cognitive impairment (Table S5 in supporting information).

The competing risk regression model in which we considered dying

without dementia anddrop-out status as competing event, and thepre-

diction analyses repeated excluding those peoplewho dropped out, led

to consistent results.

4 DISCUSSION

Two main conclusions can be drawn from the results of this study.

First, people presenting with cognitive and physical impairments

concurrently experience the highest hazard of developing dementia
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TABLE 1 Sample baseline characteristics by functional profiles

Functional profiles

Healthy profile

N= 1613

Isolated CIND

N= 441

Isolated slowWS

N= 255

CIND+ slowWS

N= 237 P value

Women 930 (57.7) 275 (62.4) 181 (71.0) 175 (73.8) <0.001

Age (mean± SD) 69.3± 8.6 71.3± 8.6 81.1± 7.8 82.8± 9.4 0.049

Education

Elementary school 143 (8.9) 78 (17.7) 50 (19.6) 85 (35.9) <0.001

High school 744 (46.1) 244 (55.3) 145 (56.9) 114 (48.1)

University 726 (45.0) 119 (27.0) 60 (23.5) 38 (16.0)

Functional assessment

MMSE score, (mean± SD) 29.2±1.0 28.5±1.7 28.4± 1.4 27.0± 2.6 <0.001

Walking speed (m/s) (mean± SD) 1.2± 0.3 1.1± 0.2 0.5± 0.2 0.4± 0.2 <0.001

Disability, at least one ADL impaired 9 (0.6) 3 (0.7) 11 (4.4) 41 (17.4) <0.001

Clinical assessment

No. of chronic diseases (mean± SD) 3.1± 1.8 3.4± 1.8 5.0± 1.7 5.0± 1.8 0.707

No. of medications (mean± SD) 3.1± 2.9 3.3± 2.9 5.9± 3.7 5.7± 3.6 <0.001

Hypertension 1131 (70.1) 344 (78.0) 214 (83.9) 202 (85.0) <0.001

Cardio- and cerebrovascular diseasesa 338 (21.0) 125 (28.3) 123 (48.2) 137 (57.8) <0.001

Depression 46 (2.9) 30 (6.8) 19 (7.5) 25 (10.7) <0.001

Solid neoplasms 133 (8.3) 30 (6.8) 32 (12.6) 28 (11.8) 0.019

Chronic obstructive pulmonary disorders 53 (3.3) 17 (3.9) 28 (11.0) 18 (7.6) <0.001

Malnutritionb 21 (1.3) 8 (1.8) 14 (5.5) 15 (6.3) <0.001

Genetic assessment

APOE 𝜀4 carrierc 457 (29.6) 134 (32.5) 57 (24.0) 54 (26.5) 0.102

Note: Unless otherwise specified, figures show number (%). P-values were obtained through chi-squared test for categorical and analysis of variance for

continuous variables.

Abbreviations: SD, standard deviation; CIND, cognitive impairment, no dementia; WS, walking speed. ADL, activities of daily living (analysis conducted on a

sample of 2542).
aDefined as ischemic heart disease, heart failure, diabetes, atrial fibrillation, or stroke.
bMalnutrition, defined as bodymass index<18.5 kg/m2.
cConducted on a sample of 2400 participants (94%).

F IGURE 1 Hazard ratios (HR) of dementia with 95% confidence intervals by functional profiles. Hazardmodels considering age as time scale
and adjusted for sex, education, malnutrition, chronic diseases, marital status, and APOE genotype. Abbreviations: CIND, cognitive impairment, no
dementia;WS, walking speed; HR, hazard ratio; CI, confidence interval. *Participants without CIND andwith aWS≥ 0.8m/s. Model 1: Considering
the functional profiles and covariates at baseline only. Model 2: Considering the functional profiles and covariates as time-changing variables
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F IGURE 2 Area under the curve (AUC) for dementia by functional profiles, in the entire population and by age groups

over time. Second, adding an easy-to-perform measurement of phys-

ical function—such as WS—to a standard cognitive battery can help

clinicians identify patients who will develop dementia. Such results

were particularly strong in the short term. A single assessment of

cognition and WS was not sufficient to predict long-term dementia.

Adding gait speed to the standard cognitive battery did not improve

predictive power as concerns the identification of dementia in the

younger cohort. Conversely, in the older age group the assessment

of gait speed in addition to cognitive tests significantly improved the

diagnostic accuracy of the identification of dementia. The use of a less

conservative definition of slowWS (ie,<1m/s) improved the diagnostic

accuracy in the prediction of dementia in the younger participants, but

decreased the specificity of the test.

Our findings have important implications for clinical routines involv-

ing people presenting with cognitive impairment in both primary care

and specialist settings and emphasize the importance of measuring

early functional impairment at the time of the first signs and symptoms

of cognitive impairment. Gait is a relatively simple and automatic

task,18,32 but it requires the integrity of several different organs and

systems, with a major role played by the central nervous system.20,33

It can be considered a finemeasure of motor performance, sensitive to

changes in the cognitive performance in early stages. Several studies

have shown that motor slowing may be an early marker of functional

decline,34 which precedes by many years—and predicts—the onset

of mild cognitive impairment.16 To note, functional decline in social

and occupational tasks is already part of the diagnostic process of

dementia, but those deficits appear later in the course of the disease

and, as such, are more likely to be the consequences rather than

early predictors of the disease itself. Reflecting clinical and subclinical

disorders and being associated with accelerated aging, frailty, and

adverse outcomes, WS is a valid indicator of biologic age, and in

accordancewith a recent study it performs better than themere count

of chronic diseases in the prediction of several adverse outcomes.35,36

In older adults, the presence of cognitive impairment is frequently

the result of complex and interrelated factors, such as the pres-

ence of multiple chronic conditions and poor contextual factors (eg,

social deprivation). Thus, assessing gait speed might capture some

of the non-neurological aspects that often contribute to the onset

and the progression of cognitive symptoms in older adults.21 Some

alternative physical tests usually performed in clinical settings exist
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(eg, hand-grip strength, balance test); however, it may be argued

that they may selectively assess a single motor function (eg, muscle

strength), require instruments (eg, dynamometer to assess weakness)

not always available in non-geriatric settings, and may be affected

by floor or ceiling effects (eg, balance tests).37 Gait speed, beyond

being influenced by such measures (ie, strength, balance), is greatly

influenced by the central nervous system21 and can be assessed by

non-professionals using only a walkway and a stopwatch, making gait

speed an easy-to-perform, non-invasive, and inexpensive test that can

be easily incorporated into routine clinical practice. Our results are in

linewith the studies that identify theMotoric Cognitive Risk syndrome

(ie, co-occurrence of cognitive complaints and slow WS) as an at-risk

profile for developing dementia. Also, they complement the evidence

coming from the Gait and Brain Study that suggests that the dual task

test can be considered a reliable tool to detect incident dementia in

people with mild cognitive impairment.9,10 The biologic and structural

basis of the dual task resides in the fact that motor control and some

cognitive processes rely on common neural circuits and, as a result,

challenging gait with a cognitive task provides valuable information on

the motor–cognitive interface and allows the detection of even milder

cognitive deficits.38 Using gait speed alone may sometimes be insuf-

ficient to detect these minor cognitive impairments, as indicated by

Montero-Odasso in a recent study conducted on people withmild cog-

nitive impairment.10,39 Interestingly, this study was able to uncover a

greater dementia risk in people with cognitive impairment through the

assessment ofWS, which is even easier to evaluate than the dual task.

Several biologic mechanisms support these results. The bidi-

rectional interaction between body and mind in the development

of dementia, although not completely understood, is universally

recognized,22,40 at least in older people. Different pathways may

link cognition with motor functions and the complex coexistence of

damage in several organs and systems might be the most plausi-

ble explanation.21 On one hand, several brain areas and networks—

including the prefrontal cortex, the hippocampus, and the basal

ganglia—with crucial roles to play in higher level cognitive perfor-

mance, are also essential for gait control, and damage in these areas

might be associated with both impairments in cognition and physi-

cal functioning.19,41 A greater neuropathological burden (ie, amyloid

plaques and neurofibrillary tangles) has been found in cognitively

intact people with slow gait speed, suggesting that a slower WS might

be an early marker of cognitive dysfunction.32,42,43 However, a high

brain burden cannot usually completely explain the clinical picture.44 It

is indeed well known that amyloid deposition and brain atrophy do not

linearly correlatewith cognition and functional decline, suggesting that

other factors are implicated in the physiopathology of dementia.45,46 A

greater cardiovascular and metabolic burden together with a systemic

inflammation status is likely to co-occur and mixed pathology in older

adults is the most plausible subtype.22,47 This is in line with the idea

that dementia in older adultsmight be considered a complex disease of

aging rather than linked only to a neurodegenerative process.46,48 Fol-

lowing this concept, gait speedmay be considered a surrogate for such

age-related complexity and might serve clinicians in capturing a frailer

subgroup of people.

4.1 Strengths and limitations

The results of this study come from a well-characterized, large-scale

population-based study with a 12-year follow-up. These aspects,

together with the clinical assessment made by physicians and

nurses, the extensive neuropsychological battery to assess cognitive

performance, and the repeated measurement of functional profiles

over time are the strengths—and the novelties—of this study. More-

over, few previous studies considered death as a competing risk for

dementia, but we had the unique opportunity of identifying dementia

cases also among those who died during the follow-up assessments by

performing a comprehensive review of clinical records and death reg-

isters, thus minimizing the influence of death on dementia incidence.

Despite that, somemilder cases might not have been captured, making

it more likely that our results might have underestimated the associ-

ation between the profiles and the dementia risk.49 Some limitations

need to be acknowledged. First, the inclusion of participants with the

neuropsychological battery only might have led to a selected study

population. This, together with the fact that SNAC-K participants are

fit, well educated, andwealthymight have affected the generalizability

of our findings. However, given that it was possible to characterize

these people (older, female, and with a greater number of chronic

diseases) our results are more likely to be an underestimation of the

studied association. Finally, although the analyses were adjusted for

major confounders and also the time variation of these confounders

was taken into consideration in the analyses, the presence of residual

confounding cannot be completely ruled out.

In conclusion, co-occurring cognitive and motor impairments iden-

tify people with significantly higher dementia risk, suggesting that

adding a simple measurement of physical function to the assessment

of people with cognitive impairment may refine risk stratifications. In

addition, it might help clinicians in the clinical management and care

of people with cognitive problems. Biomarkers for Alzheimer’s disease

are increasingly promising, but are expensive and require specialist set-

tings; consequently, a clinically validmarker is advocated.WS together

with cognitive testing seems to meet such requirements. Future stud-

ies are needed to better understand the biologic mechanisms underly-

ing both cognitive and physical decline to delineate new research lines

for the prevention and treatment of dementia.
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