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Abstract

Background: concurrent declines in gait speed and cognition have been associated with future dementia. However, the clinical
profile of ‘dual decliners’, those with concomitant decline in both gait speed and cognition, has not been yet described. We
aimed to describe the phenotype and the risk for incident dementia of those who present with dual decline in comparison
with non-dual decliners.
Methods: prospective cohort of community-dwelling older adults free of dementia at baseline. We evaluated participants’
gait speed, cognition, medical status, functionality, incidence of adverse events and dementia, biannually over 7 years. Gait
speed was assessed with a 6-m electronic walkway and global cognition using the MoCA test. We compared characteristics
between dual decliners and non-dual decliners using t-test, chi-square and hierarchical regression models. We estimated
incident dementia using Cox models.
Results: among 144 participants (mean age 74.23 ± 6.72 years, 54% women), 17% progressed to dementia. Dual decliners
had a 3-fold risk (HR: 3.12, 95%CI: 1.23–7.93, P = 0.017) of progression to dementia compared with non-dual decliners.
Dual decliners were significantly older with a higher prevalence of hypertension and dyslipidemia (P = 0.002). Hierarchical
regression models show that age and sex alone explained 3% of the variation in the dual decliners group. Adding hypertension
and dyslipidemia increased the explained variation by 8 and 10%, respectively. The risk of becoming a dual decliner was 4-fold
higher if hypertension was present.
Conclusion: older adults with a concurrent decline in gait speed and cognition represent a group at the highest risk of
progression to dementia. Older adults with dual decline have a distinct phenotype with a higher prevalence of hypertension,
a treatable condition.
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Key points

• Concurrent decline in both cognition and gait speed with ageing is associated with a 3-fold risk of progression to dementia.
• Older adults with dual decline exhibit a simple four-factor phenotype, being older and having hypertension, dyslipidemia,

and a high vascular index
• Dual decline in older adults may be a distinct and easily recognised target for dementia prevention
• Those with dual decline may represent a subgroup of older adults with a high vascular and metabolic component in their

dementia risk.
• Older adults with dual decline may benefit from prompt targeting their reversible dementia risk factors.

Introduction

Gait speed (i.e. walking performance) and cognition both
decline with ageing and are associated with the development
of adverse events, including future disability and mortality
[1–3]. Studies have shown that the coexistence of gait and
cognitive impairment is more prevalent in older adults at
risk of dementia [4, 5]. Cognitive decline precedes pro-
gression to dementia by several years, and a decline in gait
speed can precede cognitive decline by more than a decade
[4, 6–10]. A recent study showed that older adults who
exhibit a concomitant decline in both gait speed and cog-
nition (‘dual decliners’) are at higher risk of progression to
dementia [11]. However, the specific clinical characteristics
or phenotype of dual decliners has not yet been described,
and direct comparisons with non-dual decliners are lacking.
This may have important clinical relevance, first, due to the
simplicity of stratifying older adults in these two categories
and, second, for the potential identification of reversible
factors in the group with dual decline that may guide specific
targeted interventions to delay progression to dementia.

Our main goal was to describe the risk for future dementia
and the clinical characteristics of dual decliners compared
with non-dual decliners in a cohort of community-dwelling
older adults free of dementia at baseline. We postulated that
dual decliners represent a distinct group with risk factors that
could be potentially targeted for intervention.

Methods

Design

The Gait and Brain Study is a longitudinal prospective
cohort study (NTC03020381) aimed to elucidate cognitive
and motor predictors of dementia. Participants were
recruited from the community and geriatric clinics and
underwent a comprehensive baseline evaluation followed
by twice-yearly assessments over 7 years of follow-up.
Assessments included a battery of cognitive tests and
quantitative gait performance testing. We systematically
recorded the following adverse events during follow-up:
falls, hospitalisations, progression to dementia and death.
Participants were eligible if they were age 65 and older,

English speaking and able to walk 10 m without a mobility
aid. Exclusion criteria included severe gait disorder due to
musculoskeletal disease or neurological motor deficit (e.g.
severe osteoarthritis, lower limb amputation, Parkinson’s
disease, major stroke with motor sequelae), the use of neu-
roleptics, major depression or clinician diagnosis of dementia
using criteria from the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Revised (DSM-IV TR) [12].

Ethical approval was obtained from the University of
Western Ontario Ethics Board for Health Sciences Research
Involving Human Subjects. Signed informed consent was
obtained at enrolment. Data collection occurred between
September 2008 and August 2017. This study follows the
STROBE guidelines for reporting cohort studies [13].

Medical, cognitive and gait assessments

Sociodemographic characteristics were measured at baseline.
Comorbidities, chronic medications and activities of daily
living (ADLs, Lawton Brody Scale) were collected in face-
to-face interviews at each 6-month visit (Table 1). A vascular
risk index was determined using a previously validated 7-
point scale of vascular risk factors (i.e. hypertension, dys-
lipidemia) and diseases (i.e. coronary artery disease, stroke,
diabetes mellitus, congestive heart failure and atrial fib-
rillation). The scores range from 1 to 7, with one point
added for each risk factor present in an individual [14].
Global cognition was assessed using the Montreal Cognitive
Assessment (MoCA) [15]. Three alternative versions of the
MoCA were used in consecutive assessments to minimise
learning effects [16]. The Clinical Dementia Rating (CDR)
scale [17] was also performed at all visits to assist in dementia
ascertainment. Gait performance was evaluated at all visits by
quantifying gait speed (cm/s) using an electronic walkway
(Zeno� Walkway/Protokinetics, Havertown, PA; 600 cm
long × 90 cm) following a validated gait protocol [18–20].
Participants were asked to walk at their usual pace. Start
and end points were marked on the floor 1 m from either
end of the walkway to avoid recording acceleration and
deceleration phases. Frailty was operationalised using the
Fried and Walston criteria [21], which includes slow gait
speed, low physical activity, weakness, shrinking/weight loss
and exhaustion, as previously validated [22].
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Table 1. Demographic and clinical characteristics of 144 participants at baseline, as well as adverse events at follow-up
stratified by dual decline and non-dual decline status

Non-dual decliners (n = 120) Dual decliners (N = 24) P value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Demographics

Age, mean (SD) 73.60 (6.65) 77.67 (6.15) 0.006
Women, n (%) 72 (55%) 12 (50%) 0.663
Number of years of education, mean (SD) 13.59 (3.73) 13.04 (2.70) 0.467
Number of comorbidities, mean (SD) 5.16 (2.73) 5.54 (3.13) 0.540
Number of medications, mean (SD) 6.83 (3.90) 6.37 (3.12) 0.589
ApoE4 (at least one allele), n (%) 15 (35%) 4 (50%) 0.450
ApoE4-E4, n (%) 2 (5%) 1 (13%) 0.407
BMI, mean (SD) 27.05 (8.0) 25.94 (3.19) 0.512

Vascular comorbidities
Hypertension, n (%) 65 (50%) 19 (79%) 0.008
Chronic heart failure, n (%) 1 (1%) 1 (4%) 0.287
Diabetes, n (%) 20 (15%) 5 (21%) 0.546
Smoking, n (%) 25 (58%) 5 (63%) 1.000
Heart attack, n (%) 8 (6%) 4 (17%) 0.095
Dyslipidemia, n (%) 57 (51%) 17 (74%) 0.043
Vascular risk index, mean (SD) 1.43 (1.14) 2.13 (1.10) 0.009

Other comorbidities
Osteoporosis, n (%) 17 (13%) 2 (8%) 0.524
Lung disease, n (%) 10 (8%) 1 (4%) 1.000
Osteoarthritis, n (%) 41 (31%) 9 (38%) 0.636
Cancer, n (%) 46 (35%) 6 (25%) 0.481
Hearing problems, n (%) 50 (38%) 9 (38%) 0.929
Diagnosed with depression, n (%) 25 (19%) 4 (17%) 1.000
Functionality

IADL score, mean (SD) 7.70 (0.86) 7.75 (0.71) 0.872
ADL score, mean (SD) 6.00 (0.0) 6.0 (0.0) N/A
Gait speed (cm/s), mean (SD) 113.03 (22.48) 112.16 (21.26) 0.861

Cognitive performance
MoCA, mean (SD) 24.76 (3.41) 23.92 (3.30) 0.267
TMT A, mean (SD) 49.67 (17.09) 53.72 (21.43) 0.538
TMT B, mean (SD) 129.22 (64.50) 149.68 (82.06) 0.411
RAVLT 5 m delay recall, mean (SD) 4.89 (3.09) 5.60 (3.36) 0.626
Frailty

No frailty 52 (40%) 8 (33%) 0.632
Pre-frail 69 (53%) 15 (63%)
Frail 10 (8%) 1 (4%)

Adverse events during follow-up
Falls with injury, n (%) 18 (15%) 6 (25%) 0.293
Hospitalisation, n (%) 19 (27%) 5 (63%) 0.098
Deaths, n (%) 2 (2%) 2 (8%) 0.114
Two or more adverse events, n (%) 63 (48%) 24 (100%) <0.001
Incident Dementia, n (%) 13 (11%) 11 (46%) <0.001

Abbreviations: IADL: Instrumental activities of daily living, scores range from 1 to 7; ADL: basic activities of daily living, scores range 1 to 6; RAVLT: Rey Auditory
Verbal Learning Test; TMT A&B: Trail Making Tests A and B; ∗P-value determined using Chi square (X2) or Student t-tests, as deemed appropriate; statistically
significant values are in bold.

Ascertainment of cognitive and gait declines

Cognitive decline was operationalised as a decrease of at
least two points in MoCA scores between baseline and
the final assessment, as previously validated [23, 24]. Gait
decline was operationalised as a reduction equal to or greater
than 10 cm/s in gait speed between baseline and the final
assessment, as previously validated [25]. Participants who
developed during follow-up cognitive and gait decline were
categorised as dual decliners, and participants who had only
cognitive or gait speed decline, or neither, were categorised
as non-dual decliners.

Outcome measure

Incident dementia was the main outcome, determined by a
clinician investigator, a geriatrician with expertise in demen-
tia assessment and management, during follow-up visits
using DSM-IV TR criteria and when global CDR pro-
gressed to one or higher. DSM-IV TR and CDR were
assessed by independent raters. The geriatrician was blinded
to gait assessment and to CDR, but not blinded to MoCA
scores. Cognitive testing and CDR rating were performed
by certified research assistants. The type of dementia was
established using standardised criteria for Alzheimer’s disease
(ad) dementia [26], frontotemporal dementia [27], Lewy
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body dementia [28] and vascular dementia (VaD) [29], only
for descriptive purposes. All subtypes were analysed together
as a general outcome of conversion to dementia.

Data analysis

Demographic and clinical characteristics comparing dual
decliners and non-dual decliners were summarised using
either means and standard deviations or frequencies and
percentages, as appropriate. Statistically significant differ-
ences were determined using t-tests or chi-square tests. Cox
proportional hazards regression modelling was used to esti-
mate the risk of progression to dementia of dual decliners
compared with non-dual decliners. Models were adjusted
for covariates including baseline gait speed and cognitive
status (MoCA score), age, sex, number of comorbidities
and years of education. As a sensitivity analysis, we also
adjusted for specific comorbidities that were deemed poten-
tial confounders for increasing dementia risk, such as dys-
lipidemia, vascular risk index and hypertension. Hierarchical
logistic regression was used to estimate with odds ratios the
statistically independent contribution of each risk factor.
Adjustments to these models were made for vascular index
since it showed significant differences between dual decliners
and non-dual decliners at baseline. Statistical significance
was set at P < 0.05 (two-sided), and analyses were conducted
using SPSS (v23.0, IBM Corporation, Chicago, IL).

Results

Participant characteristics

One hundred and forty-four participants aged 65 and older
(mean age 74.23 ± 6.72; 54% women) had full data for all
biannual assessments with a mean follow-up of 28 months
(range, 6–72 months). During follow-up, 24 participants
(17%) progressed to dementia, 19 (86.4%) to Alzheimer’s
disease dementia, 1 (4.5%) to Vascular dementia and 2
(9.1%) to Lewy body dementia.

Characteristics of dual decliners

Table 1 presents the demographic and clinical characteristics
of dual and non-dual decliners. There were no significant
baseline differences between the groups for sex, years of
education, number of comorbidities, number of medications
taken, frailty status and functionality. Dual decliners were
older and had more comorbidities related to cardiovascular
disease, a high vascular index and a significantly higher preva-
lence of dyslipidemia and hypertension, even after adjust-
ment for age. Dual decliners had lower MoCA scores and
carried at least one ApoE4 allele, although these differences
were not significant. During follow-up, dual decliners expe-
rienced significantly higher incidence of two or more adverse
clinical events and more progression to dementia. Other
clinical events such as hospitalisations, falls with injuries and
mortality had also higher prevalence in dual decliners, but
these differences were not significant.

Associations with incident dementia

Only 11% of non-dual decliners participants progressed to
dementia (n = 13, out of 120), whereas 46% of dual decliners
progressed to dementia (n = 11, out of 24). Figure 1 graphs
these results with the prevalence of comorbidities and the
proportion of participants that progressed to dementia, in
the two groups.

Dual decliners had a 3-fold increased risk (HR: 3.48,
95%CI: 1.55–7.81, P = 0.002) of progression to dementia
compared with non-dual decliners (Figure 2). Appendix 1 in
the Supplementary data shows the risk of dementia stratified
by the two groups. When adjusted by baseline MoCA and
gait speed (Model 1), dual decliners still had a 3-fold risk
of progression to dementia (HR: 3.18, 95% CI: 1.40–7.25,
P = 0.006). Model 2 and 3 show a two and 3-fold risk when
additional adjustments were done by age and sex (HR: 2.77,
95% CI: 1.19–6.43, P = 0.018) and age, sex, comorbidities
and years of education (HR: 3.12, 95% CI: 1.23–7.93,
P = 0.017), respectively.

When the Cox models were adjusted by dyslipidemia
and vascular index, the risk of progression to dementia was
attenuated but remained significant (HR: 2.40, 95% CI:
1.01–5.69, P = 0.048, sensitivity analysis, Appendix 1b in
the Supplementary data). However, when the model was
adjusted for hypertension, the associations were no longer
significant (HR: 1.97, 95% CI: 0.74–5.21, P = 0.173, sen-
sitivity analysis, Appendix 1b in the Supplementary data).
Although hypertension and dyslipidemia are included in the
vascular index, they were included as covariates because of
their strong association with dual decliners and their low
pairwise correlation (<0.8).

Risk factors for dual decliners

Hierarchical logistic regression models were used to estimate
the contribution of selected covariates—those that showed
a significant difference between groups—in describing the
dual decliner phenotype (Appendix 2 in the Supplementary
data). Age and sex alone explained almost 3% of the variation
in the dual decliners group. Adding hypertension to the
model increased the explained variation to almost 8% and
adding dyslipidemia increased it to almost 10%. Moreover,
the risk of becoming a dual decliner was almost 4-fold higher
if the participant had hypertension and 2-fold for dyslipi-
demia, whereas age and sex did not contribute any significant
risk to the models (Appendix 2 in the Supplementary data).

Discussion

This study prospectively demonstrated that a decline in
both cognitive performance and gait speed in older adults
(dual decliners) over an average of 28 months of follow-
up is independently associated with a 3-fold higher risk of
progression to dementia compared to those without dual
decline. Phenotypically, dual decliners were older and had
more comorbidities related to cardiovascular diseases with a
higher prevalence of hypertension and dyslipidemia.
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Figure 1. Differences between the dual and non-dual decliners groups. (a) The proportion of participants that progressed to
dementia (shaded) between the groups. (b) The proportion of participants that present different comorbidities between the groups,
as well as the proportion of individuals that had those comorbidities and progressed to dementia (shaded).

Dual decline in gait speed and global cognition affected
almost half of the participants who progressed to dementia
versus only 10% of non-dual decliners, suggesting that it
might represent a recognisable prodromal phase of demen-
tia. A parsimonious explanation is that cognitive and gait
functions are not true causal risk factors for one another
but rather that both are affected by a common underlying
pathophysiology. Thus, older adults who manifest both cog-
nitive and gait speed declines might have a greater burden
of a shared underlying pathology. Operationally, modelling
both declines together provided simplicity in our study,
and from a diagnostic perspective, our results suggest that
the prediction of dementia can be improved by combining
cognitive and gait decline, which can easily be done clinically
with minimal cost and time.

It has been proposed that this concurrent dual decline is
related to specific mechanisms including vascular damage,

chronic inflammation, neurodegeneration and micronutri-
ent deficiencies [11, 30, 31]. Recently, it has been suggested
that frailty may mediate the association between brain neu-
ropathology and impending dementia [32]. In our cohort,
pre-frailty was more common in dual decliners, although
not significantly. Thus, this phenotype can represent an early
stage in the continuum before frailty can be fully expressed.
Aligned with these potential mechanisms proposed, we were
able to detect important clinical characteristics in the dual
decliner group, such as a higher vascular index score with
a higher prevalence of chronic hypertension and dyslipi-
demia. Our hierarchical models showed that hypertension
and dyslipidemia explained most variation in the outcome,
denoting the potential key role of vascular risk factors in this
phenotype.

The Canadian Study of Health and Aging has also shown
an increased progression to dementia among subjects with
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Figure 2. Kaplan–Meier curve showing the proportion of dementia-free participants during follow-up between dual and non-dual
decliners (Model 3, fully adjusted).

hypertension [33]. Similarly, the Cardiovascular Health
Study and the Mobilize Boston Study has shown that
the presence of vascular risk factors and hypertension in
community older adults is cross-sectionally associated with
slowing gait and with low cognition, executive function and
low mood [34–36]. Thus, dual decliners may represent a
subgroup with higher vascular components in their dementia
risk. Emerging evidence shows that the most common form
of clinical dementia, late-onset ad, presents mixed pathology
with significant vascular pathology [37].

Mechanistically, our results provide empirical evidence for
the hypothesis that concomitant declines in gait speed and
cognition may result from vascular burden in shared brain
neural substrates [3]. High-level cognitive abilities like atten-
tion, executive function and memory rely on specific brain
regions and their connections [2, 38, 39] that also regulate
planning and monitoring goal-directed behaviour, including
gait [3, 40]. Anatomically, concurrent cognitive and gait
deficits have been attributed to damage to the fronto-parietal
and cingulate cortical areas and striatal and hippocampal
networks [2, 3] including the hippocampus itself [2, 41].
Because of their watershed vascularisation, frontal and
subcortical neuronal networks are susceptible to vascular
risk factors, microvascular disease and blood oxygenation,
resulting in white matter hyperintensities [3]. These
hyperintensities may reflect ischemia due to occlusive lesions
of deep penetrating arteries; however, they possibly have
heterogeneous aetiologies including blood–brain barrier
dysfunction, inflammation and immunological mechanisms
[42].

Our findings have clinical relevance for detecting early
signs of an underlying dementia. Older adults with dual
decline in cognition and gait speed should receive further
attention to address their cardiovascular and metabolic risk
factors to potentially attenuate their risk of dementia. In
light of the findings from the SPRINT MIND [43] study
that showed that intensive control of blood pressure in older
adults with hypertension can reduce progressions to mild
cognitive impairment and dementia, our results support the
rationale for hypertension to be intensively targeted in dual
decliners, to temper their dementia risk [43]. Noteworthy,
aggressive treatments for hypertension in older adults are
not widely recommended since they may increase the risk of
postural hypotension, which may cause subtle brain damage
and cognitive impairment. However, the benefits of intensive
blood pressure treatment may outweigh the harms in dual
decliners. This approach may help to appropriately target
patients for hypertension-intensive treatment when the goal
is improving brain health and cognition. Future studies are
needed to test this hypothesis.

Our study is not free of limitations. Participants were
mainly recruited from geriatric medicine clinics, and, thus,
our results are only generalisable to clinic-based populations.
Replication of our findings in general population samples is
required. The low number of participants who progressed
to dementia may also affect generalisability. Although the
requirement of serial gait speed measures to detect decline
currently represents a practical limitation, this may change
if gait speed testing becomes routinely available in clinics or
through increased use of actigraphy sensors. At a minimum,
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gait speed can be adequately measured using a stopwatch
[44]. Strengths include a well-characterised cohort purposely
designed to assess cognitive and gait speed changes over close
follow-up intervals to accurately detect early decline and to
adequately monitor time to progression to dementia. We
used a robust multivariable longitudinal modelling analysis
adjusted for known covariates. We chose readily available
tests, such as the MoCA and gait speed, due to their sim-
plicity and good psychometric responsiveness. In addition
this can facilitate future testing of the external validity of our
results in larger samples.

In conclusion, concurrent dual decline in gait speed and
cognition in older adults increases the risk of progression
to dementia by three times. Dual decliners were older and
had a higher prevalence of cardiovascular risk factors such
as hypertension and dyslipidemia that, if managed, may
temper their risk of progression to dementia. Identification
of dual decliners may point to a group of older adults at
heightened risk for future dementia who may benefit from
prompt targeting of their potentially reversible risk factors.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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