J Nutr Health Aging. 2019;23(10):943-948

© Serdi and Springer-Verlag International SAS, part of Springer Nature

COGNITIVE FRAILTY AND ITS ASSOCIATION WITH NUTRITION
AND DEPRESSION IN COMMUNITY-DWELLING OLDER PEOPLE

R.Y.C.KWAN' A.Y M. LEUNG', A. YEE*, L. T. LAU®, X.Y. XU', D.LK. DAT*

1. Centre for Gerontological Nursing, School of Nursing, The Hong Kong Polytechnic University, Hong Kong; 2. Avalon Genomics (Hong Kong) Limited, Hong Kong; 3. Department of
Applied Biology and Chemical Technology, The Hong Kong Polytechnic University, Hong Kong; 4. Hong Kong Alzheimer’s Disease Association, Hong Kong. Corresponding author:
David L K. Dai, Hong Kong Alzheimer’s Disease Association, G/F, Wang Yip House, Wang Tau Hom Estate, Hong Kong Email: davidlkdai@gmail.com Tel: (852) 2338 1120 Fax: (852)

23380772

Abstract: Background: Cognitive frailty is a condition where physical frailty and mild cognitive impairment
(MCI) co-exist. It is associated with increased risk of dementia and dependency. Previous studies reported that
malnutrition and depression are associated with physical frailty and MCI; however, their relationships with
cognitive frailty remained to be explored. The aims of this study were to examine the association of nutrition
and depression with cognitive frailty, in comparison to having physical frailty or MCI alone. Methods: This
study employed a cross-sectional design. Data collection was conducted in the community settings on the older
people without dementia. Dependent variables were cognitive frailty, physical frailty, and MCI. The independent
variables were depression and nutrition. Multi-nominal regression was employed to examine the relationships
between the dependent and independent variables. The associations were adjusted by four known co-variates,
including age, gender, education and APOE ¢4 carrier status. Results: A total of 185 participants were recruited
from four community centres and one elderly hostel and completed the data collection. Approximately 44.9% of
the older people with physical frailty and 82.5% of elderly with MCI belonged to cognitive frailty. Multi-nominal
regression models showed that depression is positively associated with cognitive frailty and with physical frailty,
but not associated with solely MCI. Nutrition is negatively associated with cognitive frailty, but not associated
with physical frailty or MCI alone. Conclusion: Cognitive frailty is associated with malnutrition and depression.
Therapeutic interventions managing depression and malnutrition may focus the older people with cognitive

frailty to improve efficacy and cost-effectiveness.
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Introduction

Cognitive frailty is a heterogeneous clinical manifestation
characterized by the simultaneous presence of both physical
frailty and cognitive impairment without being severe enough
to fulfil the criteria of dementia (1). Physical frailty and mild
cognitive impairment (MCI) often co-exist. Older people with
frailty show a significantly higher risk of developing MCI and
vice versa (2). These two syndromes share many common
neuro-pathologies, such as Alzheimer’s disease, Parkinson’s
disease, and cerebrovascular disease; as well as other common
potential mechanisms, such as insulin resistance, chronic
inflammation (2, 3). Cognitive frailty is commonly seen in
older people in community settings with a prevalence of 1.8-
8.9% (4, 5). It is associated with increased risk of adverse
health outcomes, such as functional disability, worsened quality
of life, hospitalization, mortality, and incidence of dementia
(6). In the Italian Longitudinal Study on Ageing, evidence
showed that the earlier cognitive frailty is identified, the more
likely it is to be reversible (7). Therefore, cognitive frailty is
increasingly recognized as a novel target for prevention of
elderly dependency and dementia (8, 9).

Nutrition is a strong and modifiable risk factor associated
with cognitive frailty (OR=8.16) (10). Obesity and insulin
resistance are associated with cognitive decline, while neuro-
inflammation and oxidative stress are some of the proposed
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underlying mechanisms that impact on older people’s cognitive
health (11). Older people with malnutrition have poorer
cognitive performance (12). Weight loss, reduced intake of
calorie and specific nutrients (e.g., protein intake, vitamin
D), and dietary pattern are associated with changes in body
composition and physical function, and also increase the risk of
physical frailty (13, 14).

Depression is another common and modifiable risk factor for
both frailty and cognitive impairment (15). Older people with
depression have a higher risk of developing frailty (OR=4.07)
(16). High levels of depressive symptoms are also associated
with cognitive decline in older people (17). A study has shown
that depression is an independent associated factor of cognitive
decline in older people with physical frailty (18).

Cognitive frailty is potentially a novel target for the
prevention of dementia and dependency. Therefore, it would
be important to further understand whether the published risk
factors are associated with cognitive frailty, or solely with
cognitive impairment, or solely with physical frailty, so as to
devise effective screening and intervention strategies. Here,
we focused on two of the most important but modifiable risk
factors, nutrition and depression, aiming to examine their
associations with cognitive frailty. Specifically, this study tests
the following null hypotheses:

1. There are no associations of depression with physical frailty,

MCI, or cognitive frailty.
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2. There are no associations of nutrition with physical frailty,
MCI, or cognitive frailty.

Methods

Study design

A cross-sectional design was employed in this study;
therefore, we report this study by adopting the Strengthening
The Reporting of OBservational studies in Epidemiology
(STROBE) checklist for cross-sectional studies (19).

Setting

This study was conducted in community settings. Subjects
were either members of elderly community centres, which
provide recreational activities for older people; or residents
of elderly hostels, which provide residential services for
functionally independent older people. Subject recruitments and
data collections were conducted during Jan 2017 — Jun 2018.

Participants

Inclusive criteria

1. Community-dwelling, living in either their own homes or
elderly hostels

2. Age = 65 years

Exclusive criteria

Established dementia, either

a. Having formal diagnosis of dementia, as documented on
their medical records; or

b. Having overt cognitive impairment, as determined by the
Clinical Dementia Rating (CDR) = 1,20 OR Mini-Mental
State Exam (MMSE) score < 18 for illiterate, < 20 for having
1-2 years formal education, and < 22 for having more than 2
years formal education (21).

Variables

The dependent variable was cognitive frailty. The
independent variables included nutrition and depression. The
demographic, clinical and genetic variables included age,
gender, marital status, living status, education, health literacy,
smoking, drinking, and the €-allele genotype of apolipoprotein
E (APOE) gene.

Measurement

Outcomes

In this study, the dependent variables are cognitive frailty,
physical frailty, and MCI. Physical frailty was defined as
having either pre-physical frailty or frailty.

Physical frailty was measured by using the FRAIL scale
(22). FRAIL comprises five dichotomous items with possible
scores from O to 5. A higher score indicates a higher level of

physical frailty. FRAIL categorizes frailty in three levels by
severity (i.e., robust=0, pre-frail=1-2, frail=4-5). Subjects’
FRAIL score = 1 were identified as having physical frailty.

MCI was defined by having subjective memory complaint,
objective cognitive impairment, and largely intact functional
activities (23). CDR was used for assessment of MCI and
Subjects’ CDR=0.5 were identified as having MCI (20, 23)

This study adopts Ruan’s definition of cognitive frailty,
which is defined as having 1) physical frailty or pre-physical
frailty, 2) MCI, and 3) no concurrent dementia.8 Subjects with
the coexistence of physical frailty or pre-physical frailty and
MCI were identified as having cognitive frailty.

Subjects with CDR=0 and FRAIL=0 were identified as
robust, which means being cognitively healthy without any
frailty symptoms.

Factors

There were two independent variables in this study: 1)
depression and 2) nutrition. Depression was measured by the
Geriatric Depression Scale (GDS-15) (24), which comprises 15
items that a higher score indicates a higher level of depression.
Nutrition was measured by Mini-Nutrition Assessment-Short
Form (MNA-SF), which comprises six items with possible
scores from O to 14 (25). A higher score indicates a better
nutritional status.

Confounders

Age, gender, and education were considered to be the
potential confounders because previous studies showed that
they were also associated with physical frailty and MCI (26).
Since APOE ¢4 allele is a well-known genetic risk factor of
Alzheimer’s disease (27), an important type of dementia and
MCI among older adults, we also included APOE ¢4 carrier
status as a potential confounder in this study.

Study size

This study is testing the hypotheses on the associations of
cognitive frailty status with two factors (i.e., depression and
nutrition) adjusted for four confounders (i.e., age, gender,
education, APOE €4 carrier status) on three outcomes (i.c.,
cognitive frailty, physical frailty, and MCI). Previous studies
reported that the effect sizes of nutrition (OR=3.1) (28) and
depression (OR=2.64)16 on frailty had been observed to be
small-moderate (29). We conservatively assumed that the
effect sizes of nutrition and depression on cognitive frailty to
be small-moderate (i.e., 2=0.02-0.15) (30). By using GPower,
with linear multiple regression and with several assumptions
(i.e., number of tested predictors=3, power=0.8, level of
significance=0.05, 2=0.07), 160 subjects were needed to be
included in the data analysis.

Statistical methods
All the demographic variables, clinical variables, outcomes,
and factors were described by using mean with standard

944



J Nutr Health Aging
Volume 23, Number 10, 2019

THE JOURNAL OF NUTRITION, HEALTH & AGINGO©

deviation or frequency with percentage. These variables were
compared between four outcome groups (i.e., cognitive frailty,
physical frailty, MCI, and robust). Student t-test, Mann-
Whitney U test, and Chi-Square test were used to compare the
variables between groups. The level of significance was set to
be 0.05.

To test the hypotheses, multi-nominal logistic regression
models were employed to test the two hypotheses according to
the outcomes. The dependent variable was nominal cognitive
frailty status (i.e., 1) robust, 2) physical frailty, 3) MCI, and
4) cognitive frailty). Robust group was set as the reference
for calculation of odds ratios. Nutrition and depression were
assigned as the independent variables. Two models with
unadjusted and adjusted for confounders (i.e., age, gender,
education, APOE ¢4 carrier status) were computed separately
to understand whether the factors are independent to the
confounders. The level of significance was set to be 0.05.

Missing data will be replaced by the mean when the missing
rate of variables was inconsequential (i.e., 5% or less), multiple
imputation was adopted for the variables with a missing rate
over 5% according to the missing patterns (31).

Ethical considerations

All subjects had signed the informed consent to participate
in this study after they had listened to the research team’s
explanation on the procedures, risks, and benefits of this study.

Results

This study recruited 185 participants who have completed
the data collection (robust=24, 12.9%; physical frailty=81,
43 .8%; MCI=14, 7.6%; cognitive frailty=66, 35.7%) in four
community centres and one elderly hostel. Missing data in
variables were within 5% and they were substituted by the
mean.

As shown in Figure 1, in the people with MCI (n=80), vast
majority of them has cognitive frailty (n=66, 82.5%). People
having MCI alone is scarce (n=14, 17.5%). In people with
physical frailty (n=147), slightly less than half of them have
cognitive frailty (n=66, 44.9%). Slightly more than half of the
people with physical frailty have physical frailty alone (n=81,
55.1%).

As shown in Table 1, the mean age of the participants was
86.2+4.5 years old. Majority of them was female (n=132,
71.4%), having education at primary level or below (n=161,
87%), non-drinkers (n=175, 94.6%), non-smokers (n=157,
84.9%), and non-APOE-¢4 carriers (n=138, 74.6%). Their mean
MMSE score was 22.2+4.5, mean FRAIL score was 1.6+1.2,
mean GDS-15 score was 3.8+3.4, and mean MNA-SF score
was 11.7+2.2. There were significant differences between
groups on cognitive function (p<0.001), frailty level (p<0.001),
depression (p=0.001), and nutrition (p=0.002). There were no
significant differences between groups on APOE €4 carrier
status as well as other demographic variables.

Figure 1
Distribution of physical frailty, cognitive frailty, and mild
cognitive impairment

People with Physical Frailty
n=147

Physical
Frailty only

MCT Cognitive
oaly Frailty

n-l4 n=66 n=§l n-24
7.6% 35.7% 438% 129%

17.5% 82 5%

People with MC1
n=80

The unadjusted multi-nominal regression models (R2=0.175)
in Table 2 showed that depression is positively associated with
cognitive frailty (OR=1.577, p=0.002) and with physical frailty
(OR=1.496, p=0.004), but not associated with MCI. Nutrition
is negatively associated with cognitive frailty (OR=0.656,
p=0.005), but not associated with physical frailty or MCI. The
associations remained significant, even after adjusting for age,
gender, education and APOE &4 carrier status.

Discussion

This study showed that over 40% of older people with
physical frailty and over 80% of older people with cognitive
impairment were considered as cognitive frailty. We also
investigated the association of cognitive frailty with nutrition
and depression in older people, which remained significant
even after adjusting for age, gender, education background and
APOE ¢4 genetic factor. Further analysis showed that nutrition
was only associated with cognitive frailty but not frailty or
MCI. Depression was only associated with cognitive frailty and
frailty but not MCI.

In the existing epidemiological studies, most of them
reported the prevalence of cognitive frailty without reporting
the prevalence of the MCI only and physical frailty only in the
people with cognitive frailty.32 To our knowledge, this is the
first study showed that there was a large overlapping between
physical frailty and MCI. Previous studies showed that MCI,
physical frailty, and cognitive frailty are associated with higher
risk of dementia and dependence.33-35 Future studies should
test if cognitive frailty is a more significant entity to cause
dementia and dependency, compared to the entity of MCI and
physical frailty.

Previous studies had reported significant associations of
nutrition with physical frailty and MCI, 10,36 in which subjects
might include those with cognitive frailty. Here, by carefully
dissecting the older people into appropriate subgroups, we
were able to demonstrate for the first time that nutrition was
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Table 1
Demographic variables and factors between groups

Mean (SD)/Frequency (%) Total (N=185) Robust (n=24) Physical Frailty (n=81) MCI (n=14) Cognitive Frailty (n=66) p-value#
Demographic
Age 86.2 (4.5) 87.5(3.2) 86.6 (3.1) 84.6 (5.1) 85.6 (6.0) 0.131
Gender 0.258
Male 53 (28.6) 11 (45.8) 21(25.9) 4(28.6) 17 (25.8)
Female 132 (71.4) 13 (54.2) 60 (74.1) 10 (71.4) 49 (74.2)
Education 0.053
Primary or below 161 (87.0) 21(87.5) 66 (81.5) 11 (78.6) 63 (95.5)
Secondary 19 (10.3) 1(42) 13 (16.0) 2(143) 3(4.5)
Tertiary or above 527 2(8.3) 2(25) 1(7.1) 0 (0)
Drinking 0.266
Yes 10 (5.4) 0 (0) 4(4.9) 0 (0) 6 (9.1)
No 175 (94.6) 24 (100) 77 (95.1) 14 (100) 60 (90.9)
Smoking 0.950
Smoker 52.7) 1(42) 2(25) 0 (0) 2(3.0)
Ceased 23 (12.4) 3(12.5) 9 (11.1) 1(7.1) 10 (15.2)
Non-smoker 157 (84.9) 20 (83.3) 70 (86.4) 13(92.9) 54 (81.8)
APOE ¢4 status 0.773
Carrier 29 (15.7) 3(12.5) 11 (13.6) 3(214) 12 (18.2)
Non-carrier 156 (84.3) 21 (87.5) 70 (86.4) 11 (78.6) 54 (81.2)
Outcomes
Cognition (MMSE) 222 (45) 258 (24) 240 (33) 20.7 (2.9) 19.0 (4.7) <0.001*
Frailty (FRAIL) 1.6(12) 0 (0) 2.0(1.0) 0 (0) 2.1(1.1) <0.001°*
Factors
Depression (GDS-15) 3834 1.7(1.9) 3932 22(1.5) 46(3.9) 0.001*
Nutrition (MNA-SF) 117 (2.2) 128 (1.3) 120 (2.1) 11.8(22) 110 (24) 0.002+

MMSE: Mini-mental State Exam, GDS-15: Geriatric Depression Scale 15-item, MNA-SF: Mini-Nutrition Assessment short-form, APOE: apolipoprotein E

associated with cognitive frailty, but not with physical frailty
or MCI alone. To date, most of the nutritional interventions
target broadly on people with physical frailty or cognitive
impairment (36, 37). Studies showed that malnutrition (e.g.,
vitamin E deficiency, low energy and protein intake) correlated
with both physical frailty and cognitive decline, and evidence
advocated that physical frailty and cognitive decline induced
the occurrence of each other.3 The findings of our study may
provide some insights on targeting nutritional interventions for
older people with cognitive frailty being more cost effective and
efficacious.

Our study also confirmed the previous findings on
associations of depression with physical frailty (38, 39).
Recent evidence showed that physical frailty and depression
share many common physiological mechanisms. For example,
chronic inflammation is associated with both decreased muscle
mass or strength and reduced central dopaminergic function

leading to both physical frailty and depressive affect (40).

MCI is previously reported to be associated with a higher
risk of depression (41). In people with MCI, depressive
symptoms increased the risk of progression to dementia
(RR=1.28) (42). Psychological treatments are effective to
reduce symptoms of depression for people with dementia, but
similar studies for people with MCI is lacking (43). On the
other hand, antidepressant such as selective serotonin reuptake
inhibitors may delay the progression from MCI to Alzheimer’s
disease (44). Interestingly, in a large scale systematic review,
the prevalence of depression in patients with MCI in the
community settings (25%) was significantly lower than that in
the clinical settings (40%) (45). While the discrepancy could be
attributed to chronic illnesses and functional limitation which
were more related to the clinical settings (46), it is also possible
that depression may be associated with a more defined group,
such as cognitive frailty, as suggested by our study. Further
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Table 2
Multi-nominal logistic regression model examining the associations of physical frailty, MCI, cognitive frailty with depression
and nutrition

Robust (N=24) Physical Frailty (n=81) MCI (n=14) Cognitive Frailty (n=66)
Model 1 (R2=0.175) OR p-value OR p-value OR p-value
Depression Ref 1.496 0.004* 1.179 0.372 1.577 0.002*
Nutrition Ref 0.803 0.137 0.750 0.114 0.654 0.005*
Model 2 (R2=0.261)
Depression Ref 1432 0.010%* 1.124 0.540 1.524 0.003*
Nutrition Ref 0.838 0.224 0.779 0.174 0.668 0.006*

Model 1: unadjusted, Model 2: adjusted for age, gender, education, and APOE €4, MCI: mild cognitive impairment

studies should explore if interventions targeting cognitive frailty
(e.g., physical activity (38)) may be better alternatives to reduce
the risk of depression and dementia onset in older people with
MCI.

Our data suggested that cognitive frailty is a significant
condition associated with poor nutrition and depression, further
studies should consider the possibility of devising interventions
that target nutrition and depression for preventing the
progression of cognitive frailty to dementia and dependency.
Current evidence suggested that treating protein and calorie
insufficiency in older people is a fundamental part to prevent
both physical frailty and cognitive decline.11 Physical
activity is effective to slow down cognitive frailty progression
or reverse cognitive frailty and reduce depression (38, 47).
Systematic screening programme should be established to
identify elderly with cognitive frailty, as well as signs of
malnutrition or depression such that prompt interventions
could be implemented. Further investigation should also be
conducted to analyse the effect of combined interventions in
this vulnerable population on the cognitive frailty progression,
risk of dementia, and dependency.

Albeit the significant findings, there are several limitations to
be considered. The sample size of this study is relatively small,
which may limit the generalizability of the findings. Also,
there is an unbalanced number of subjects in different groups,
particularly a small number of subjects in the solely MCI
group. This may have restricted the statistical power to detect
the underlying difference between the MCI and robust groups.
This study adopted a cross-sectional design that the cause-effect
relationships among these variables cannot be confirmed.

Conclusion

Cognitive frailty is associated with malnutrition and
depression. By targeting older people with cognitive frailty
who show the signs of malnutrition or depression, interventions
could be promptly implemented to prevent the worsening or
even reverse the condition. Further studies should examine
the impacts of such interventions on the risk of dementia and
dependency.
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