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A B S T R A C T

Introduction: Cognitive impairment and frailty are important health determinants, independently associated
with increased dementia risk. In this meta-analysis we aimed to quantify the association of the co-occurrence of
cognitive impairment no dementia (CIND) and physical frailty with incident dementia.
Methods: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were used
when reporting this review. We performed a systematic search on PubMed, Web of Science, and Embase da-
tabases for relevant articles. Longitudinal studies enrolling individuals with both CIND and physical frailty and
reporting dementia incidence were eligible. Pooled estimates were obtained through random effect models and
Mantel-Haenszel weighting.
Results: Out of 3684 articles, five (14302 participants) were included in the meta-analysis. In comparison to
participants free from frailty and CIND, the pooled hazard ratio for dementia was 3.83 (95% confidence interval
[CI]: 2.64–5.56) for isolated CIND, 1.47 (95%CI: 0.89–2.40) for isolated physical frailty, and 5.36 (95%CI:
3.26–8.81) for their co-occurrence.
Discussion: The co-occurrence of cognitive impairment and physical frailty is a clinical marker of incident de-
mentia.

1. Introduction

The integrity of mental and physical functioning is crucial to
maintain a good health status (World Report on Ageing and Health
WHO, 2015; Grande et al., 2019a). A number of biological changes that
affect the organism homeostasis accumulate during the aging process,
resulting in cognitive and physical decline. This process contributes to
the more rapid accrual of morbidities, higher incidence of disability,
and shorter survival experienced in older age (Santoni et al., 2015).
Socioeconomic factors, as well as psychological and environmental is-
sues further contribute to the development of frailty, and modulate the
association between frailty and several negative outcomes (Gobbens
et al., 2012; De Witte et al., 2013). Later in life, physical and cognitive
problems often co-occur and interact, mutually boosting their negative
effects on a person’s health, generating complex health profiles (Bullain

et al., 2016; Vetrano et al., 2018b). Recently, in aging research, an
increasing amount of attention has been given to such body-mind in-
teractions (Qiu and Fratiglioni, 2015; Vetrano et al., 2018b).
Cognitive impairment no dementia (CIND) has been consistently

shown to be a robust predictor of further cognitive decline and incident
dementia (Caracciolo et al., 2008). The definition of CIND requires the
presence of an objective impairment in cognition, without meeting the
diagnostic criteria of dementia. At the same time, a number of long-
itudinal studies have reported that a decreased physical function in-
creases the risk of cognitive decline and dementia (Boyle et al., 2009;
Buracchio et al., 2010; Kueper et al., 2017; Calderon-Larranaga et al.,
2018). Physical frailty is a construct that captures well such physical
decline, and has attracted a great deal of scientific and clinical interest
during the last years (Fried et al., 2001; Clegg et al., 2013). Physical
frailty, as operationalized by Fried et al, is defined as the presence of at
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least three of the following conditions: unintentional weight loss, ex-
haustion, muscle weakness, slowness while walking, and low levels of
activity (Fried et al., 2001). Frailty may be thought as an indicator of
biological age, a transversal measure of reduced resilience to negative
events, which underlies multiple impairments across different organs
and systems (Clegg et al., 2013). The concept of frailty has been em-
bedded in several medical areas beyond geriatrics, being currently
implemented also in neurological settings, and, in particular, in the
field of cognitive disorders (Canevelli et al., 2017). Frailty has been
shown to be a reliable predictor of several negative health-related
outcomes, such as falls, institutionalization, hospitalization, and shorter
survival (Zucchelli et al., 2018). Moreover, a meta-analysis reported a
greater risk of all-cause dementia in older people presenting with
physical frailty (Kojima et al., 2016).
The concept of frailty may have important implications in the

clinical approach to people with cognitive problems. Additionally,
different research groups have recently investigated the co-occurrence
of physical frailty and cognitive impairment, and their impact on sev-
eral clinical and functional outcomes, including dementia (Avila-Funes
et al., 2009; Montero-Odasso et al., 2016). However, those studies have
not always led to significant results. We hypothesize that including a
measure of physical frailty in the assessment of people with initial
cognitive impairment, may help to detect a special group of individuals
at even higher risk of dementia. Hence, the aim of the present study is
to systematically review the literature and to provide pooled estima-
tions regarding the combined effect of cognitive impairment and phy-
sical frailty on dementia incidence.

2. Materials and methods

We reviewed studies assessing the combined effect of CIND and
physical frailty on dementia incidence in adult persons (i.e.18 years old
or older). The protocol of the present study was a priori registered in the
international prospective register of systematic reviews PROSPERO (re-
gistration number CRD42018093794). This systematic review and meta-
analysis was reported in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) recommendations.
For the present study, no ethics committee approval was necessary.

2.1. Data sources and searching

We searched the PubMed electronic database of the National Library
of Medicine, the Web of Science database, and Embase for relevant ar-
ticles published up to the 15th of August 2019. MeSH terms and free
words referring to frailty, CIND (including the concept of mild cognitive
impairment, MCI) and dementia were used as keywords. The detailed
search queries are reported as supplementary material. References from
selected papers and from other relevant articles were screened for po-
tential additional studies in accordance with the snowball principle.

2.2. Study selection and data extraction

Two assessors (GG and MLH) independently screened the titles and
abstracts of the retrieved studies. Original contributions with long-
itudinal design, reporting information on physical frailty and CIND, and
their impact on dementia were included. CIND, as compared with mild
cognitive impairment (MCI), is a broader definition of cognitive im-
pairment, which includes the concept of MCI and does not require the
presence of cognitive complaints, and allows the presence of functional
disability. Studies on both CIND and MCI have been included in the
present review. Articles were excluded if they a) investigated topics
outside the aims of the review; b) had a cross-sectional or intervention
design (e.g.randomized controlled trials); c) did not present original
data (i.e.reviews, guidelines/recommendations, letters to editor, com-
mentaries, editorials, case reports); d) did not provide an explicit de-
finition, and an objective evaluation of physical frailty (Fried’s criteria)

and CIND; e) evaluated frailty through a single measure (e.g.only
walking speed, muscle weakness, weight loss); f) were conducted in
vitro or in animals; g) were written in languages other than English; and
h) included people affected by dementia at baseline. The full text of the
articles selected at least by one of the assessors was further evaluated.
The same assessors extracted independently the information from the
selected studies. Any disagreement was solved through consensus.
When more than one measure of association was provided, the most
adjusted estimate was used for the purposes of the present study.

2.3. Assessment of risk of bias

Study quality was evaluated independently by the two assessors
through the tool for the qualitative evaluation of observational studies,
the Newcastle Ottawa Scale (NOS) (Lo et al., 2014). Any disagreement in
quality assessment was solved through consensus. Studies scoring>7
were considered to pose a low risk of bias, scores of 5–7 indicated
moderate risk of bias, while scores of<5 indicated high risk of bias.
Likelihood of publication bias was also assessed (see statistical analysis).

2.4. Data analysis

Considering the observational design of the retrieved studies, and the
methodological differences potentially responsible for a significant share
of the variance among the measures of interest, pooled estimates were
obtained through random effect models and Mantel-Haenszel weighting.
Lack of homogeneity among the pooled studies was assessed through the
I2 statistics (significant if ≥50%). I2 represents the percentage of varia-
bility in the risk estimate owed to methodological heterogeneity rather
than chance. Pooled hazard ratio estimations (HR) and 95% Confidence
Intervals (95% CI) were examined in relation to the presence of isolated
physical frailty, isolated CIND, and their co-occurrence. Publication bias
was assessed by mean of the Egger’s and the Begg’s tests.
All statistical analyses were performed with Stata version 15.0

(StataCorp, TX, USA). A p value<0.05 was considered statistically sig-
nificant.

3. Results

We retrieved a total of 3684 articles (Fig. 1), of which 3671 (99%)
were excluded after title and abstract screening, and eight articles after
full-text reading (reasons for exclusions are reported in Fig. 1). Five
articles were part of the final qualitative assessment and were analyzed
in the meta-analysis.

3.1. Study description

Table 1 summarizes the main characteristics and findings of the se-
lected studies. The overall number of participants was 14302, with the
mean age ranging between 66–76 years, and the proportion of females
from 44% to 65%. The mean follow-up time of the studies was between
three to five years. Four studies included community-dwelling people
(Avila-Funes et al., 2009; Feng et al., 2017; Solfrizzi et al., 2017; Shimada
et al., 2018), and one study included geriatric outpatients (Montero-
Odasso et al., 2016). Two studies were carried out in Europe (Avila-Funes
et al., 2009; Solfrizzi et al., 2017), one in Canada (Montero-Odasso et al.,
2016), and two in Asia (Feng et al., 2017; Shimada et al., 2018). One
study reported results stratified by inflammatory (fibrinogen values)
status (Solfrizzi et al., 2017). The results from the two strata have been
included separately in the meta-analysis.

3.2. CIND and frailty assessment

All the studies included in the meta-analysis assessed cognition via
objective tests. Two studies defined CIND using the Mini-Mental State
Examination (MMSE), either with a cutoff of 24 out of 30 (Feng et al.,
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2017) or by using the lowest quartile of the MMSE score (Avila-Funes
et al., 2009). One study (Montero-Odasso et al., 2016) used the Mon-
treal Cognitive Assessment (MoCA), and two (Solfrizzi et al., 2017;
Shimada et al., 2018) based the cognitive assessment on an extensive
neuropsychological battery. To note, in contrast to the other studies,
Solfrizzi et al. operationalized cognitive impairment according to the
diagnostic criteria of MCI, therefore including the presence of sub-
jective cognitive complaints and the evaluation of daily functioning
(Winblad et al., 2004). When only community-based studies (n= 4)
were considered, the presence of CIND ranged from 3.5% to 11.8% in
the study populations. On the other hand, in a clinical based setting the
presence of CIND reached 55%. In line with previous findings (Di Carlo
et al., 2007), the lowest proportion of cognitive impairment was de-
tected when the diagnostic criteria for MCI were adopted.
All the studies defined physical frailty in accordance with the

Cardiovascular Health Study (CHS) criteria, proposed by Fried et al.,
which defined frailty as the presence of at least three of the following
conditions: weight loss, low handgrip strength, slow walking speed,
exhaustion, and reduced physical activity (Fried et al., 2001). When
only community-based studies were considered, physical frailty pre-
valence spanned from 2.0% to 8.0%. In the study by Montero-Odasso,
the only one carried out in a clinical setting, the proportion of people
with physical frailty was 13%.

3.3. Risk of bias

Overall, the studies presented a low-moderate risk of bias. In most
cases, the absence of information regarding the loss at follow-up was
responsible for a lower score. In general, many studies applied a
modified version of the frailty phenotype, in order to adapt the

assessment to the available data. Finally, according to the Egger’s and
the Begg’s tests, no strong evidence of publication bias was detected in
our meta-analyses (P > 0.05 for all).

3.4. Overlap between CIND and physical frailty

Fig. 2 shows the proportions of people with CIND and physical
frailty, reported by the retrieved studies. In population-based studies
(four out of five, including a total of 11254 persons), 173 (1.5%) per-
sons presented with both CIND and physical frailty, 742 (6.6%) with
only physical frailty, and 990 (8.8%) with only CIND. According to
pooled estimations, among participants with physical frailty, 20% (95%
CI: 11–28%) had also CIND. Conversely, 15% (95% CI: 9–21%) of
people with CIND presented also with physical frailty.

3.5. Combined effect of CIND and physical frailty on dementia incidence

Fig. 3 depicts the association between isolated physical frailty,
isolated CIND, and the combination of CIND and physical frailty with
the incidence of dementia. In comparison to participants free from
frailty and CIND, the HR for dementia was 3.83 (95% CI: 2.64–5.56;
I2= 0%) for isolated CIND, 1.47 (95% CI: 0.89–2.40; I2= 0%) for
isolated physical frailty, and 5.36 (95% CI: 3.26–8.81; I2= 0%) for the
co-occurrence of CIND and physical frailty. The results remained con-
sistent in terms of direction and magnitude after excluding the study by
Montero-Odasso et al., which was the only one including a clinical
population (HR for isolated CIND: 3.90, 95% CI: 2.68–5.69; HR for
isolated physical frailty: 1.47, 95% CI: 0.89–2.40; HR for CIND and
physical frailty: 5.32, 95% CI: 3.21–8.84).

Fig. 1. Systematic review and meta-analysis flow-chart.
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4. Discussion

According to this systematic review and meta-analysis, including
more than fourteen thousand participants, people presenting simulta-
neously with cognitive impairment and physical frailty had more than a
five-fold higher risk of developing dementia, than people free from both
conditions. The combined effect described here, supports the existence
of an interplay between physical and cognitive dimensions in the de-
velopment of dementia. This systematic review and meta-analysis
provides for the first time a pooled estimation of such a relationship,
which has been otherwise vitiated by contrasting findings derived from
single studies.
Increasing efforts have been made to detect modifiable risk and

protective factors for dementia, and to find early predictors of its de-
velopment (Fratiglioni et al., 1993; Winblad et al., 2016). The results of
the present study suggest that impairments in cognitive and physical
domains are relevant predictors of future dementia, and call for the
need of a multidimensional approach in the assessment of older adults’
health who present an initial cognitive impairment. Notably, impair-
ments in physical domains may strengthen the association between
CIND and dementia. In fact, mental and somatic conditions frequently
coexist, interact, and affect each other (Calderon-Larranaga et al., 2018;
Vetrano et al., 2018b). Slow walking speed, one of the criteria that
define frailty, has been associated with an increased risk of incident
dementia (Grande et al., 2019b). In general, motor changes (Dodge
et al., 2012; Verghese et al., 2014), including the temporal variability in
walking speed and in the pattern of gait, are early markers of future
cognitive decline. Similarly, weight loss and reduced muscle strength –
both reflecting a poor nutritional status and an impaired multi-organ
homeostasis – have been described as risk factors for future cognitive
impairment and dementia (Boyle et al., 2009; Bell et al., 2017). Inter-
estingly, the presence of cognitive impairment seems to increase the
risk of falling in people with slow walking speed, impaired balance, and
muscle weakness, highlighting the existence of an interplay between
physical and cognitive domains (Welmer et al., 2017). In clinical set-
tings, the evaluation of such parameters of physical performance and
status is possible, even in the case of limited resources and time
(Studenski et al., 2011). Integration of such parameters with a neu-
ropsychological assessment might help to detect older adults at risk of
cognitive decline and dementia (Grande et al., 2019b).
Executive cognitive and motor functions rely on common brain re-

gions and networks. Smaller prefrontal regions have been described in
people exhibiting a slower gait speed, and smaller basal ganglia, su-
perior posterior parietal cortex, and cerebellum have been associated
with balance difficulty (Rosano et al., 2012). A possible explanation for
these associations is the fact that the same areas are also involved inTa
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Fig. 2. Cognitive impairment no dementia (CIND) and physical frailty overlap
(pooled data from four retrieved population based studies; n=11254).
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executive functioning and processing speed (Welmer et al., 2014),
which can in turn result in a slower gait speed, which is one of the main
contributors to the frailty syndrome. Sharing common underlying me-
chanisms, both physical and cognitive decline can be simply seen as two
downstream consequences of such dysfunctions (Beauchet et al., 2012;
Grande et al., 2019b). The co-occurrence of cognitive and physical
impairments – and consequently the higher associated risk of dementia
– may be interpreted as the result of a greater brain pathology burden
(Buchman et al., 2008; Yoon et al., 2018).
Frailty, which is characterized by the reduction of the individual’s

homeostatic reserve, leading to an increased vulnerability to external
and internal minor stressors, is the cumulative consequence of declines
in several physiological systems, and is considered a strong predictor of
negative health-related events (Clegg et al., 2013; Vetrano et al., 2017,
2018a). Beyond this definition, several operationalizations have been
proposed (Cesari et al., 2016). In this study, we chose to define frailty in
accordance with the construct of the frailty phenotype, which well
captures the somatic dimensions of the frailty syndrome. Previous
studies from our group (Grande et al., 2019b; Vetrano et al., 2019) and
others (Verghese et al., 2014; Montero-Odasso et al., 2017) have de-
monstrated that walking speed alone is able to trace the deterioration in
health of older people that will develop dementia. However, the defi-
nition of physical frailty based on the frailty phenotype offers the
possibility to capture in a more holistic way several physical aspects of
the frailty syndrome, including muscle weakness, nutritional issues and

energy. The frailty index by Rockwood et al., alternatively used in a
number of studies, has received much attention both in clinical and
research contexts. However, such index embeds in its operationaliza-
tion a number of cognitive signs and symptoms, as well as mood and
affective disorders, making it less suitable to explore the somatic
components of the frailty syndrome. Systemic inflammation, cell se-
nescence, hormonal changes, and mitochondrial dysfunction have been
identified as the upstream causative conditions of physical frailty
(Franceschi and Campisi, 2014; Ferrucci and Fabbri, 2018). Interest-
ingly, the same mechanisms may promote the neurodegenerative and
vascular damages associated with cognitive decline and dementia (Qiu
and Fratiglioni, 2015; Haaksma et al., 2017). To note, one of the studies
included in our meta-analysis showed a significant association between
the combination of CIND and physical frailty and dementia only in
participants characterized by a pro-inflammatory status, identified by
higher fibrinogen blood concentration (Solfrizzi et al., 2017). This
suggests that inflammation may boost the negative prognosis of the
interplay between cognitive and physical dysfunctions.
Physical frailty may identify a special group of biologically old

persons, with a reduced ability to cope with the systemic consequences
of cognitive decline, accelerating the progression to dementia. The
frailty assessment implies carrying out a multidimensional evaluation
of those somatic aspects that may accelerate, or even cause, cognitive
impairment. To note, not only somatic conditions, but also psycho-so-
cial and environmental factors contribute to the development of frailty;

Fig. 3. Association of cognitive impairment no dementia (CIND), physical frailty, and their combination with incident dementia (reference group: participants free
from both conditions).
HR: hazard ratio; CI: confidence interval.
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given the dynamic nature of frailty, all these factors need to be reg-
ularly assessed in older persons (Gobbens et al., 2012; De Witte et al.,
2013; Vetrano et al., 2018a; Haaksma et al., 2019; Melis et al., 2019).
This holistic approach is strongly advocated by modern medicine,
especially when dealing with the complex heterogeneity encountered in
old ages. Interestingly, frailty has been shown to significantly increase
the risk of the progression towards dementia in people with MCI who
have been referred to a memory clinic. This suggests that models of
frailty might be adopted in neurological clinical settings with the aim of
improving the prediction of prognosis and the management of these
patients (Trebbastoni et al., 2017).
Similarly to frailty, different operationalizations of CIND have been

proposed. In the present review, we encountered assessments based on
either measures of global cognition (e.g.MMSE and MoCA) or on extensive
neuropsychological batteries. As discussed below, this may represent a
potential limitation of our study. At the same time, the consistency – in
terms of direction and strength of association – of the results of the single
studies, supports the idea that all these different methods are capable to
identify people with increased risk of developing dementia.
In line with previous studies supporting the existence of a body-mind

connection, our meta-analysis points to a higher risk of dementia risk in
cognitively impaired people; conversely, we do not observe a statistically
significant higher risk of dementia in persons with isolated physical
frailty. This might be due to some methodological issues of the included
studies, which, for example, did not consider death as a competing risk
for the onset of dementia. However, when considering these conditions
together, the risk of dementia was almost six times higher than in people
free from these conditions, suggesting the existence of a biological in-
teraction between cognitive impairment and frailty.

4.1. Strengths and limitations

The major strength of the present study is its comprehensive and
reproducible search strategy and the use of multiple electronic data-
bases. The screening of the titles, abstracts, and full-texts, as well as the
data extraction were conducted independently by two trained re-
searchers. Along with the careful study selection and quality assess-
ment, this provides a reliable overview of the evidence in the field.
Second, the overall quality of the studies included in the meta-analysis
was moderate to high; all studies used physical frailty to define frailty
and applied standardized criteria to diagnose dementia. Moreover, a
proper adjustment (see Table 1) was carried out in the retrieved studies.
However, some limitations need to be considered. First, we retrieved

only five longitudinal studies assessing the association of physical frailty
and CIND and the development of dementia. This small number can
represent an issue in the assessment of heterogeneity, and prevented us
from running subgroup analyses. For example, it would have been in-
teresting to check to what extent regional differences and different CIND
assessments might affect generalizability. Notwithstanding, the absence
of evident publication bias, the non-significant heterogeneity tests, and
the low-to-moderate risk of methodological bias increased the reliability
of our results. Finally, the magnitude of the association between the
concurrent presence of CIND and frailty and incident dementia was re-
plicated across the five retrieved studies, further reinforces the general-
izability of our findings. Second, several operationalization methods of
CIND have been used, and this might have led to substantial hetero-
geneity in the results. The diverse operationalization of CIND reflects the
absence of a shared definition of this construct both in the clinical and
research fields. Finally, the mean follow-up time was relatively short,
ranging from three to five years; this limited us in generating hypotheses
regarding any causal link between frailty profiles and the occurrence of
dementia. At the same time, the presence of CIND and the concurrent
presence of physical frailty – which potentially share common patholo-
gical mechanisms with cognitive impairment – may represent the clinical
marker of an ongoing neurodegenerative process that eventually will be
recognized as overt dementia. In this perspective, future studies with

longer follow-ups are needed in order to better elucidate this association,
and to further explore this relationship. In this perspective, future studies
with longer follow-ups are needed in order to better elucidate this as-
sociation, and to further explore this relationship.

4.2. Implications and future perspectives

Currently, healthcare systems are mostly focused on a single-disease
approach to patients. However, older people – including those with
cognitive decline – usually suffer from multi-system problems (Lakhani,
2012). In this perspective, frailty is a concept that shifts the attention
from organ-specific conditions towards a more integrated approach to
the patient. From a public health standpoint, the assessment of physical
frailty might ease the identification of a more complex group of older
people with cognitive problems, in order to provide them with person-
centered interventions and preventive care paths. At the same time,
such information may be used by clinicians to diagnose dementia at an
early stage and with better accuracy.
In conclusion, the co-occurrence of cognitive impairment and frailty

identifies a group of people with a significantly increased risk of de-
mentia, suggesting that the implementation of investigating frailty in
the assessment of people with cognitive problems may enable more
reliable risk stratifications. The study of mechanisms underlying both
cognitive and functional decline might open new research avenues for
the prevention and treatment of dementia.

Contributorship

Conception of the work: GG, MLH, DLV. Articles evaluation: GG,
MLH. Data analysis: DLV. Results interpretation: all the co-authors.
Drafting the article: GG, DLV. Critical revision of the manuscript: all the
co-authors. Final approval of the manuscript: all the co-authors. All the
authors fulfil the ICMJE criteria for authorship.

Transparency Declaration

The lead author (the manuscript’s guarantor) affirms that the
manuscript is an honest, accurate, and transparent account of the study
being reported; that no important aspects of the study have been
omitted; and that any discrepancies from the study as planned (and, if
relevant, registered) have been explained.

Declaration of Competing Interest

None declared.

Acknowledgments

This work was supported by the Swedish Research Council (2013-
08676). The authors would like to thank Emerald G Heiland for editing
the manuscript and providing useful comments.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.neubiorev.2019.09.
001.

References

Avila-Funes, J.A., Amieva, H., Barberger-Gateau, P., Le Goff, M., Raoux, N., Ritchie, K.,
Carriere, I., Tavernier, B., Tzourio, C., Gutierrez-Robledo, L.M., Dartigues, J.F., 2009.
Cognitive impairment improves the predictive validity of the phenotype of frailty for
adverse health outcomes: the three-city study. J. Am. Geriatr. Soc. 57, 453–461.

Beauchet, O., Annweiler, C., Montero-Odasso, M., Fantino, B., Herrmann, F.R., Allali, G.,
2012. Gait control: a specific subdomain of executive function? J. Neuroeng. Rehabil.
9, 12.

G. Grande, et al. Neuroscience and Biobehavioral Reviews 107 (2019) 96–103

102

https://doi.org/10.1016/j.neubiorev.2019.09.001
https://doi.org/10.1016/j.neubiorev.2019.09.001
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0005
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0005
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0005
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0005
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0010
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0010
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0010


Bell, S.P., Liu, D., Samuels, L.R., Shah, A.S., Gifford, K.A., Hohman, T.J., Jefferson, A.L.,
2017. Late-life body mass index, rapid weight loss, apolipoprotein e epsilon4 and the
risk of cognitive decline and incident dementia. J. Nutr. Health Aging 21, 1259–1267.

Boyle, P.A., Buchman, A.S., Wilson, R.S., Leurgans, S.E., Bennett, D.A., 2009. Association
of muscle strength with the risk of Alzheimer disease and the rate of cognitive decline
in community-dwelling older persons. Arch. Neurol. 66, 1339–1344.

Buchman, A.S., Schneider, J.A., Leurgans, S., Bennett, D.A., 2008. Physical frailty in older
persons is associated with Alzheimer disease pathology. Neurology 71, 499–504.

Bullain, S.S., Corrada, M.M., Perry, S.M., Kawas, C.H., 2016. Sound body sound mind?
Physical performance and the risk of dementia in the oldest-Old: the 90+ study. J.
Am. Geriatr. Soc. 64, 1408–1415.

Buracchio, T., Dodge, H.H., Howieson, D., Wasserman, D., Kaye, J., 2010. The trajectory
of gait speed preceding mild cognitive impairment. Arch. Neurol. 67, 980–986.

Calderon-Larranaga, A., Vetrano, D.L., Ferrucci, L., Mercer, S.W., Marengoni, A., Onder,
G., Eriksdotter, M., Fratiglioni, L., 2018. Multimorbidity and functional impairment:
bidirectional interplay, synergistic effects and common pathways. J. Intern. Med.

Cesari, M., Canevelli, M., Remiddi, F., Trebbastoni, A., Quarata, F., Vico, C., de Lena, C.,
Bruno, G., 2017. Promoting the assessment of frailty in the clinical approach to
cognitive disorders. Front. Aging Neurosci. 9, 36.

Winblad, B., Caracciolo, B., Palmer, K., Monastero, R., Backman, L., Fratiglioni, L., 2008.
Occurrence of cognitive impairment and dementia in the community: a 9-year-long
prospective study. Neurology 70, 1778–1785.

Cesari, M., Nobili, A., Vitale, G., 2016. Frailty and sarcopenia: from theory to clinical
implementation and public health relevance. Eur. J. Intern. Med. 35, 1–9.

Clegg, A., Young, J., Iliffe, S., Rikkert, M.O., Rockwood, K., 2013. Frailty in elderly
people. Lancet 381, 752–762.

De Witte, N., Gobbens, R., De Donder, L., Dury, S., Buffel, T., Schols, J., Verte, D., 2013.
The comprehensive frailty assessment instrument: development, validity and relia-
bility. Geriatr. Nurs. (Minneap) 34, 274–281.

Di Carlo, A., Lamassa, M., Baldereschi, M., Inzitari, M., Scafato, E., Farchi, G., Inzitari, D.,
2007. CIND and MCI in the Italian elderly: frequency, vascular risk factors, pro-
gression to dementia. Neurology 68, 1909–1916.

Dodge, H.H., Mattek, N.C., Austin, D., Hayes, T.L., Kaye, J.A., 2012. In-home walking
speeds and variability trajectories associated with mild cognitive impairment.
Neurology 78, 1946–1952.

Feng, L., Feng, L., Nyunt, M.S., Gao, Q., Lee, T.S., Tsoi, T., Chong, M.S., Lim, W.S.,
Collinson, S., Yap, P., Yap, K.B., Ng, T.P., 2017. Physical frailty, cognitive impair-
ment, and the risk of neurocognitive disorder in the Singapore longitudinal ageing
studies. J. Gerontol. A Biol. Sci. Med. Sci. 72, 369–375.

Ferrucci, L., Fabbri, E., 2018. Inflammageing: chronic inflammation in ageing, cardio-
vascular disease, and frailty. Nat. Rev. Cardiol. 15, 505–522.

Franceschi, C., Campisi, J., 2014. Chronic inflammation (inflammaging) and its potential
contribution to age-associated diseases. J. Gerontol. A Biol. Sci. Med. Sci. 69 (Suppl.
1), S4–9.

Fratiglioni, L., Ahlbom, A., Viitanen, M., Winblad, B., 1993. Risk factors for late-onset
Alzheimer’s disease: a population-based, case-control study. Ann. Neurol. 33,
258–266.

Fried, L.P., Tangen, C.M., Walston, J., Newman, A.B., Hirsch, C., Gottdiener, J., Seeman,
T., Tracy, R., Kop, W.J., Burke, G., McBurnie, M.A., Cardiovascular Health Study
Collaborative Research G, 2001. Frailty in older adults: evidence for a phenotype. J.
Gerontol. A Biol. Sci. Med. Sci. 56, M146–156.

Gobbens, R.J., van Assen, M.A., Luijkx, K.G., Schols, J.M., 2012. Testing an integral
conceptual model of frailty. J. Adv. Nurs. 68, 2047–2060.

Grande, G., Vetrano, D.L., Fratiglioni, L., Marseglia, A., Vanacore, N., Laukka, E.J.,
Welmer, A.K., Rizzuto, D., 2019a. Disability trajectories and mortality in older adults
with different cognitive and physical profiles. Aging. Clin. Exp. Res. https://doi.org/
10.1007/s40520-019-01297-1.

Grande, G., Triolo, F., Nuara, A., Welmer, A.K., Fratiglioni, L., Vetrano, D.L., 2019b.
Measuring gait speed to better identify prodromal dementia. Exp. Gerontol.

Haaksma, M.L., Rizzuto, D., Ramakers, I., Garcia-Ptacek, S., Marengoni, A., van der Flier,
W.M., Verhey, F.R.J., Olde Rikkert, M.G.M., Melis, R.J.F., 2019. The impact of frailty
and comorbidity on institutionalization and mortality in persons with dementia: a
prospective cohort study. J. Am. Med. Dir. Assoc. 20, 165–170 e162.

Haaksma, M.L., Vilela, L.R., Marengoni, A., Calderon-Larranaga, A., Leoutsakos, J.S.,
Olde Rikkert, M.G.M., Melis, R.J.F., 2017. Comorbidity and progression of late onset
Alzheimer’s disease: a systematic review. PLoS One 12, e0177044.

Kojima, G., Taniguchi, Y., Iliffe, S., Walters, K., 2016. Frailty as a predictor of alzheimer
disease, vascular dementia, and all dementia among community-dwelling older
people: a systematic review and meta-analysis. J. Am. Med. Dir. Assoc. 17, 881–888.

Kueper, J.K., Speechley, M., Lingum, N.R., Montero-Odasso, M., 2017. Motor function
and incident dementia: a systematic review and meta-analysis. Age Ageing 46,
729–738.

Lakhani, M., 2012. 21st century health services challenges for an ageing population. Br. J.
Gen. Pract. 62, 518.

Lo, C.K., Mertz, D., Loeb, M., 2014. Newcastle-Ottawa Scale: comparing reviewers’ to
authors’ assessments. BMC Med. Res. Methodol. 14, 45.

Melis, R.J.F., Haaksma, M.L., Muniz-Terrera, G., 2019. Understanding and predicting the
longitudinal course of dementia. Curr. Opin. Psychiatry 32, 123–129.

Montero-Odasso, M.M., Barnes, B., Speechley, M., Muir Hunter, S.W., Doherty, T.J.,

Duque, G., Gopaul, K., Sposato, L.A., Casas-Herrero, A., Borrie, M.J., Camicioli, R.,
Wells, J.L., 2016. Disentangling cognitive-frailty: results from the gait and brain
study. J. Gerontol. A Biol. Sci. Med. Sci. 71, 1476–1482.

Montero-Odasso, M.M., Sarquis-Adamson, Y., Speechley, M., Borrie, M.J., Hachinski,
V.C., Wells, J., Riccio, P.M., Schapira, M., Sejdic, E., Camicioli, R.M., Bartha, R.,
McIlroy, W.E., Muir-Hunter, S., 2017. Association of dual-task gait with incident
dementia in mild cognitive impairment: results from the gait and brain study. JAMA
Neurol. 74, 857–865.

Qiu, C., Fratiglioni, L., 2015. A major role for cardiovascular burden in age-related
cognitive decline. Nat. Rev. Cardiol. 12, 267–277.

Rosano, C., Studenski, S.A., Aizenstein, H.J., Boudreau, R.M., Longstreth Jr., W.T.,
Newman, A.B., 2012. Slower gait, slower information processing and smaller pre-
frontal area in older adults. Age Ageing 41, 58–64.

Santoni, G., Angleman, S., Welmer, A.K., Mangialasche, F., Marengoni, A., Fratiglioni, L.,
2015. Age-related variation in health status after age 60. PLoS One 10, e0120077.

Shimada, H., Makizako, H., Tsutsumimoto, K., Doi, T., Lee, S., Suzuki, T., 2018. Cognitive
frailty and incidence of dementia in older persons. J. Prev. Alzheimers Dis. 5, 42–48.

Solfrizzi, V., Scafato, E., Lozupone, M., Seripa, D., Giannini, M., Sardone, R., Bonfiglio, C.,
Abbrescia, D.I., Galluzzo, L., Gandin, C., Baldereschi, M., Di Carlo, A., Inzitari, D.,
Daniele, A., Sabbà, C., Logroscino, G., Panza, F., Italian Longitudinal Study on Aging
Working Group, 2017. Additive role of a potentially reversible cognitive frailty model
and inflammatory state on the risk of disability: the italian longitudinal study on
aging. Am. J. Geriatr. Psychiatry 25, 1236–1248.

Kritchevsky, S., Studenski, S., Perera, S., Patel, K., Rosano, C., Faulkner, K., Inzitari, M.,
Brach, J., Chandler, J., Cawthon, P., Connor, E.B., Nevitt, M., Visser, M., Badinelli, S.,
Harris, T., Newman, A.B., Cauley, J., Ferrucci, L., Guralnik, J., 2011. Gait speed and
survival in older adults. Jama 305, 50–58.

Trebbastoni, A., Canevelli, M., D’Antonio, F., Imbriano, L., Podda, L., Rendace, L.,
Campanelli, A., Celano, V., Bruno, G., de Lena, C., 2017. The impact of frailty on the
risk of conversion from mild cognitive impairment to alzheimer’s disease: evidences
from a 5-Year observational study. Front. Med. (Lausanne) 4, 178.

Welmer, A.K., Rizzuto, D., Laukka, E.J., Johnell, K., Fratiglioni, L., 2017. Cognitive and
physical function in relation to the risk of injurious falls in older adults: a population-
based study. J. Gerontol. A Biol. Sci. Med. Sci. 72, 669–675.

Welmer, A.K., Rizzuto, D., Qiu, C., Caracciolo, B., Laukka, E.J., 2014. Walking speed,
processing speed, and dementia: a population-based longitudinal study. J. Gerontol.
A Biol. Sci. Med. Sci. 69, 1503–1510.

Verghese, J., Annweiler, C., Ayers, E., Barzilai, N., Beauchet, O., Bennett, D.A.,
Bridenbaugh, S.A., Buchman, A.S., Callisaya, M.L., Camicioli, R., Capistrant, B.,
Chatterji, S., De Cock, A.M., Ferrucci, L., Giladi, N., Guralnik, J.M., Hausdorff, J.M.,
Holtzer, R., Kim, K.W., Kowal, P., Kressig, R.W., Lim, J.Y., Lord, S., Meguro, K.,
Montero-Odasso, M., Muir-Hunter, S.W., Noone, M.L., Rochester, L., Srikanth, V.,
Wang, C., 2014. Motoric cognitive risk syndrome: multicountry prevalence and de-
mentia risk. Neurology 83, 718–726.

Vetrano, D.L., Calderon-Larranaga, A., Marengoni, A., Onder, G., Bauer, J.M., Cesari, M.,
Ferrucci, L., Fratiglioni, L., 2017. An international perspective on chronic multi-
morbidity: approaching the elephant in the room. The journals of gerontology Series
A. Biol. Sci. Med. Sci.

Vetrano, D.L., Palmer, K., Marengoni, A., Marzetti, E., Lattanzio, F., Roller-Wirnsberger,
R., Lopez Samaniego, L., Rodriguez-Manas, L., Bernabei, R., Onder, G., Joint Action
AWPg, 2018a. Frailty and multimorbidity: a systematic review and meta-analysis. J.
Gerontol. A Biol. Sci. Med. Sci.

Vetrano, D.L., Rizzuto, D., Calderon-Larranaga, A., Onder, G., Welmer, A.K., Bernabei, R.,
Marengoni, A., Fratiglioni, L., 2018b. Trajectories of functional decline in older
adults with neuropsychiatric and cardiovascular multimorbidity: a Swedish cohort
study. PLoS Med. 15, e1002503.

Vetrano, D.L., Rizzuto, D., Calderon-Larranaga, A., Onder, G., Welmer, A.K., Qiu, C.,
Bernabei, R., Marengoni, A., Fratiglioni, L., 2019. Walking speed drives the prognosis
of older adults with cardiovascular and neuropsychiatric multimorbidity. Am. J. Med.

Dubois, B., Winblad, B., Amouyel, P., Andrieu, S., Ballard, C., Brayne, C., Brodaty, H.,
Cedazo-Minguez, A., Edvardsson, D., Feldman, H., Fratiglioni, L., Frisoni, G.B.,
Gauthier, S., Georges, J., Graff, C., Iqbal, K., Jessen, F., Johansson, G., Jonsson, L.,
Kivipelto, M., Knapp, M., Mangialasche, F., Melis, R., Nordberg, A., Rikkert, M.O.,
Qiu, C., Sakmar, T.P., Scheltens, P., Schneider, L.S., Sperling, R., Tjernberg, L.O.,
Waldemar, G., Wimo, A., Zetterberg, H., 2016. Defeating Alzheimer’s disease and
other dementias: a priority for European science and society. Lancet Neurol. 15,
455–532.

Winblad, B., Palmer, K., Kivipelto, M., Jelic, V., Fratiglioni, L., Wahlund, L.O., Nordberg,
A., Backman, L., Albert, M., Almkvist, O., Arai, H., Basun, H., Blennow, K., de Leon,
M., DeCarli, C., Erkinjuntti, T., Giacobini, E., Graff, C., Hardy, J., Jack, C., Jorm, A.,
Ritchie, K., van Duijn, C., Visser, P., Petersen, R.C., 2004. Mild cognitive impairment–
beyond controversies, towards a consensus: report of the International Working
Group on Mild Cognitive Impairment. J. Intern. Med. 256, 240–246.

World Report on Ageing and Health WHO, 2015. (accessed August, 2019).
Yoon, D.H., Lee, J.Y., Shin, S.A., Kim, Y.K., Song, W., 2018. Physical frailty and amyloid-

beta deposits in the brains of older adults with cognitive frailty. J. Clin. Med. 7.
Marengoni, A., Zucchelli, A., Vetrano, D.L., Grande, G., Romanelli, G., Calderon-

Larranaga, A., Fratiglioni, L., Rizzuto, D., 2018. Frailty predicts short-term survival
even in older adults without multimorbidity. Eur. J. Intern. Med.

G. Grande, et al. Neuroscience and Biobehavioral Reviews 107 (2019) 96–103

103

http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0015
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0015
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0015
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0020
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0020
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0020
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0025
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0025
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0030
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0030
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0030
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0035
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0035
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0040
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0040
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0040
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0045
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0045
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0045
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0050
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0050
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0050
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0055
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0055
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0060
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0060
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0065
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0065
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0065
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0070
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0070
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0070
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0075
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0075
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0075
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0080
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0080
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0080
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0080
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0085
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0085
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0090
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0090
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0090
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0095
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0095
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0095
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0100
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0100
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0100
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0100
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0105
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0105
https://doi.org/10.1007/s40520-019-01297-1
https://doi.org/10.1007/s40520-019-01297-1
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0115
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0115
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0120
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0120
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0120
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0120
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0125
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0125
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0125
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0130
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0130
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0130
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0135
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0135
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0135
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0140
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0140
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0145
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0145
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0150
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0150
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0155
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0155
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0155
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0155
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0160
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0160
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0160
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0160
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0160
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0165
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0165
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0170
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0170
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0170
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0175
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0175
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0180
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0180
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0185
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0185
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0185
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0185
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0185
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0185
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0190
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0190
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0190
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0190
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0195
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0195
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0195
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0195
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0200
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0200
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0200
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0205
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0205
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0205
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0210
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0210
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0210
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0210
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0210
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0210
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0210
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0215
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0215
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0215
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0215
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0220
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0220
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0220
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0220
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0225
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0225
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0225
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0225
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0230
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0230
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0230
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0235
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0235
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0235
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0235
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0235
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0235
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0235
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0235
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0240
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0240
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0240
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0240
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0240
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0240
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0250
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0250
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0255
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0255
http://refhub.elsevier.com/S0149-7634(18)30938-2/sbref0255

	Co-occurrence of cognitive impairment and physical frailty, and incidence of dementia: Systematic review and meta-analysis
	Introduction
	Materials and methods
	Data sources and searching
	Study selection and data extraction
	Assessment of risk of bias
	Data analysis

	Results
	Study description
	CIND and frailty assessment
	Risk of bias
	Overlap between CIND and physical frailty
	Combined effect of CIND and physical frailty on dementia incidence

	Discussion
	Strengths and limitations
	Implications and future perspectives

	Contributorship
	Transparency Declaration
	mk:H1_18
	Acknowledgments
	Supplementary data
	References




