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Abstract

Background Mild cognitive impairment (MCI) and sarcopenia are two common conditions in older people. It is not widely
known if MCI could predict the onset of sarcopenia. Therefore, we aimed to investigate whether MCI could predict the
occurrence of sarcopenia in a population of older adults.

Methods In the ELSA (English Longitudinal Study on Ageing), MCI was defined as the absence of dementia, preserved
functional capacity and low performance in three objective cognitive tests. Sarcopenia was diagnosed as having low hand-
grip strength and low skeletal muscle mass index during follow-up. The longitudinal association between MCI at the base-
line and incident sarcopenia was assessed using a multivariable logistic regression model, reporting the data as adjusted odds
ratios (OR) and 95% confidence intervals (95%CI).

Results 3,106 participants (mean age of 63.1 years; 55.3% males) were included. People with MCI reported significantly
lower mean handgrip strength values and Skeletal Mass Index (SMI), as well as a higher prevalence of obesity at baseline.
At baseline, 729 people had MCI and during the ten years follow-up period, 12.1% of the initial population included had
sarcopenia. On multivariate analysis, adjusted for 18 potential confounders, the presence of MCI (OR=1.236; 95%CTI:
1.090-1.596, p=0.01) significantly predicted the onset of sarcopenia during follow-up.

Conclusion The presence of MCI at baseline was associated with a higher incidence of sarcopenia at ten-years follow-up,
demonstrating a likely role of MCI as a predictor of the onset of sarcopenia in older people.
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involves changes in physical, mental, and functional capa-
bilities, signalling a decline in the body’s ability to regener-
ate and repair itself [1]. It is well known that among older
people keeping a balance of physical and psychic factors
is fundamental to preserve homeostasis. Indeed, epidemio-
logical studies show that 11% of the world’s population is
over 60 years and this is projected to increase to 22% of
the population by 2050 [2]. Currently, the age composition
of the global population is undergoing a transformation as
fertility rates decline and life spans increase [3].

Mild cognitive impairment (MCI) is a clinical construct
based on subjective cognitive decline, objective cognitive
impairment, and relative preservation of activities of daily
living [4, 5]. MCI rates range from 3% to as high as 42% in
population studies, and from 6 to 85% in clinical settings [6,
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7]. The conversion rate to dementia is approximately 10%
per year, which increases to 80-90% after approximately
six years [8]. Clinical criteria for MCI commonly include
impaired cognitive performance, preserved basic activities
with minimal impairment in complex instrumental activi-
ties, self and/or informant report of cognitive decline, and
absence of dementia [9]. Accordingly, MCI is to be consid-
ered a transitional phase between physiological ageing and
dementia [10].

Sarcopenia is defined as age-related muscle loss, affect-
ing a combination of appendicular muscle mass, muscle
strength, and/or physical performance measures [11]. It is
widespread among older adults, and the overall prevalence
is approximately 10% in both men and women over 60 years
[12]. Reduction in physical capacity and functional decline
that could be caused by sarcopenia, can lead to a higher lev-
els of dependency and disability and therefore negatively
influence levels of health-related quality of life [13].

Some studies showed that MCI could be associated
with a higher incidence of sarcopenia. A study in China of
5,715 participants demonstrated how incidence of MCI was
higher in sarcopenic groups compared to non-sarcopenic
groups, with a significantly statistical difference [14], but
this study did not consider some potential important con-
founders, such as physical activity level. Another study in
Mexico of 496 older adults observed a significant longitudi-
nal association between sarcopenia, MCI and poor cognitive
function among older patients. However, this study included
a small sample size, with a clear predominance (65%) of
female participants [15].

Previous literature has focused on the identification of
MCI among individuals with sarcopenia and has not inves-
tigated whether MCl is associated with incident sarcopenia.
Therefore, the aim of the present study was to investigate
whether the presence of MCI at baseline predicts the occur-
rence of sarcopenia in older people at 10-years of follow-up,
using data from the English Longitudinal Study on Ageing
(ELSA).

Methods
Study population

This study is based on data from several waves (from Wave
2to 7) of the ELSA, a prospective and nationally representa-
tive cohort of older community-dwelling participants living
in England [16]. Wave 2 (baseline survey) was conducted
in 2004-2005; the other waves were conducted every two
years, until Wave 7 occurring between 2014 and 2015.
The ELSA study was approved by the London Multicentre
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Research Ethics Committee (MREC/01/2/91). Written
informed consent was obtained from all participants.

Mild cognitive impairment: independent variable

Mild cognitive impairment (MCI) is defined as the presence
of cognitive impairment and the absence of any functional
impairment [9]. As suggested by Vancampfort et al. [17] we
defined MCI as the absence of dementia, low cognitive per-
formance on three objective cognitive tests (see below), and
preserved functional capacity [18]. Participants who filled
all the criteria were classified as having MCI.

Dementia was defined using the self-reported medical
diagnosis of either Alzheimer’s disease or dementia [19].
Participants were considered with medical diagnosis of
dementia if answered yes to the following question: “Has
a doctor ever told you that you have (or had) dementia and/
or Alzheimer’s?“.

In the ELSA study, three different cognitive tests were
used to determine objective cognitive performance: 10-word
list delayed recall [20], verbal fluency [21], and orientation
for time [22]. Cognitive scores from a 10-word list recall
test and verbal fluency were standardized into a z-score
based on mean and standard deviation (SD) from the final
sample. Objective cognitive impairment was considered
present when observed scores were lower than 1 SD below
the average in one or more cognitive tests [18]. Briefly:

e The 10-word list recall test consists of two tasks (im-
mediate and delayed) and is part of the Consortium to
Establish a Registry for Alzheimer’s Disease [20]. Dur-
ing the test, participants were asked to recall a list of
10 unrelated nouns in each task. The delayed task was
performed about 20 min after the immediate recall task.
The performance at both tasks is related to learning and
episodic memory. We used the sum of both tasks to gen-
erate a standardized z-score. This test has good sensitiv-
ity and specificity for detecting MCI [23].

e Orientation for time consists of four questions about the
current date, i.e., day of the month, day of the week,
current month, current year. Cognitive impairment was
considered when participants failed to identify either
year or month correctly [18].

e Verbal fluency test: participants produced a list of all
the animals he or she could remember in 1 min. One
point was given to each uniquely named animal. This
test involves verbal fluency and has good sensitivity and
specificity to determine MCI [24].

Finally, functional capacity was assessed using self-reported
difficulties with basic activities of daily living (ADL) in the
last month [25]. If participants answered no to one of the
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following questions, functional capacity was considered
preserved [17, 18]: “Have you received help for getting
dressed?” and “Have you received help for eating (e.g. cut-
ting up your food)?*.

Incident sarcopenia: outcome

In the ELSA study, the evaluation of body composition
was not carried out with gold standard measures, such
as DXA (Dual-Energy X-ray Absorptiometry). There-
fore, we used a surrogate measure of low fat-free mass
for the estimation of body composition, defined as having
a low SMI. SMM (skeletal muscle mass) was calculated
based on the equation proposed by Lee and colleagues
[26], 1i.e.. ASM=0.244*weight+ 7.8*height+ 6.6%sex—
0.098*age+race—3.3 (where female=0 and male=1;
race=0 (White and Hispanic), race=1.9 (Black), and
race=— 1.6 (Asian)). [9] Next, SMM was divided by body
mass index (BMI) based on weight and height measured
by a trained nurse, to create the SMI [27]. Low SMM was
defined as the lowest quartile of the SMI based on sex-strat-
ified values [28]. The equation proposed by Lee has been
previously used in the ELSA study ( 29, 31) and validated
against gold standard methods, such as DXA [32, 33].

The identification of sarcopenia was completed using, as
indicator of low muscle strength, the presence of low hand-
grip strength defined as <27 kg for men and <16 kg for
women using the average value of three handgrip measure-
ments of the dominant hand [34]. Grip strength in kilograms
was measured by using a Smedley dynamometer (TTM;
Tokyo, Japan), with the upper arm being held against the
trunk and the elbow in a 90-degree flexion [16].

Other factors

The selection of other factors potentially associated with
the relationship between MCI and sarcopenia was based
on previous literature [35] and included the following: age;
sex; years of education (considered as continuous variable);
ethnicity (whites vs. non-whites); marital status (married vs.
other status); smoking status (ever vs. never); and physical
activity level (high vs. moderate/low/sedentary). The level
of physical activity was assessed using three questions to
assess vigorous, moderate, or mild activity in the previous
twelve months. To assist in answering the questions, prompt
cards with examples of activities categorized by inten-
sity were used [36]; the presence of depressive symptoms
was assessed using the Center for Epidemiologic Studies
Depression Scale (CES-D) [37]; medical conditions were
recorded based on self-reported information; and the pres-
ence of obesity was defined as having a BMI>30 Kg/m?
[37]. All these factors were assessed at the baseline.

Statistical analysis

Continuous variables were described as mean and stan-
dard deviation (SD). Categorical variables were analysed
as counts and percentages. Study participants classified by
the presence or not of MCI at the baseline, were compared
using Chi-squared or Fisher exact tests, for categorical vari-
ables and t-test, for continuous variables.

The longitudinal association between MCI at the baseline
and incident sarcopenia was assessed using a multivariable
logistic regression model, reporting the data as adjusted odds
ratios (OR) and 95% confidence intervals (95%CI). The fac-
tors included were significantly different between MCI and
no MCI at the baseline or they were associated with inci-
dent sarcopenia, at a p-value <0.10. The collinearity among
covariates was assessed using the variance inflation factor
(VIF), using a cut-off of two as reason for exclusion, but no
factor was excluded for this reason [39].

All statistical tests were two-tailed, and a p-value <0.05
was considered statistically significant. All analyses were
performed using SPSS 26.0 version software.

Results

Figure 1 shows the flow chart of this research: among the
9,432 participants initially considered in the wave 2 of the
ELSA study, we excluded 53 participants because they had
dementia, 2,316 for whom no cognitive test data were avail-
able, 1,680 for whom no sarcopenia data were available,
and 380 who already had sarcopenia at baseline. Moreover,
1,969 participants had insufficient information on incident
sarcopenia, leaving 3,106 participants for this analysis. The
3,106 participants included had a mean age of 63.1 years
(range: 52—-88) and were predominantly male (55.3%).
Table 1 shows the baseline characteristics according to
the presence or absence of MCI at wave 2. People affected
by MCI (n=729) were significantly older and more fre-
quently females than their 2,377 counterparts without MCI.
Moreover, people with MCI were less educated than those
without MCI (p <0.0001 for all the comparisons). No other
significant differences emerged for general and demographic
characteristics. Regarding medical conditions, participants
with MCI did not differ compared to people without this
condition, in terms of CVD, high blood pressure, and the
other conditions examined, except for a higher prevalence
of cataract (12.4% vs. 10.4%, p=0.04) (Table 1). Finally,
as shown in Table 1, people with MCI reported significantly
lower mean handgrip strength values and SMI (p <0.0001),
as well as a higher prevalence of obesity (p=0.001).
During the ten years of follow-up, 377 participants
became sarcopenic, representing 12.1% of the initial
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9432 wawe 2

3106 included

Fig. 1 Flow chart

population included. Table 2 shows the data of the multi-
variable logistic regression analysis using as outcome the
incidence of sarcopenia. Among the factors considered,
the presence of MCI (OR=1.236; 95%CI: 1.090-1.596,
p=0.01) significantly predicted the onset of sarcopenia.
Similarly, each year of increasing age increased the risk of
sarcopenia by 6%, whilst not smoking was associated with
a decreased risk in sarcopenia onset (OR=0.517; 95%CTI:
0.412-0.649; p < 0.0001). Among medical conditions inves-
tigated, only cataract was associated with a significantly
higher risk of sarcopenia during follow-up by approxi-
mately 25% (Table 2). Finally, high physical activity was
associated with a lower risk of sarcopenia during the follow-
up period (OR=0.716; 95%CI: 0.621-0.825; p<0.0001),
as well as an extra point in CES-D was associated with a
16% increased risk of sarcopenia (Table 2).

Discussion

To the best of our knowledge, this is one the first studies to
assess the role of MCI as putative risk factor for sarcope-
nia. Our study, based on a large cohort of UK older adults,
demonstrates that the presence of MCI at the baseline is sig-
nificantly associated with a higher incidence of sarcopenia
at 10-years of follow-up, showing a probable association
between these two factors in older adults.

Our findings support that of previous studies. One
study carried out in South-America worked on 521
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f 53 with dementia \
2316 no data regarding cognition
1680 no data regarding sarcopenia at

1969 no data regarding sarcopenia
during follow-up
\308 with sarcopenia at the baseline)

community-dwelling older adults already identified MCI as
predictor of sarcopenia, that is MCI at baseline predicted
sarcopenia at 9-years of follow-up [40]. Another study in
Japan including 250 older adults, also found a significant
association between sarcopenia and MCI [41], however, it
is important to note that this studies utilized two screening
tools (SARC-F-J to assess sarcopenia and TYM-J to assess
MCI).

Our study revealed how people affected by MCI were
significantly older and more frequently females than their
counterparts without MCI. Moreover, people with MCI
were less educated than those without MCI. A recent study
carried out in China on 1,325 participants aged > 60 years
found that the overall prevalence of MCI was higher in
female compared to male participants, and female subjects
who were illiterate had a higher risk of MCI, supporting
findings from the present study [42]. . Regarding medical
conditions, participants with MCI did not differ compared
to people without this condition, except for a higher preva-
lence of cataract. Our results are supported by a previous
review, that showed how visual impairment due to cataract
may stress impaired attentional mechanisms, and cataract
extraction may improve cognitive performance in some
patients with MCI [42]. Similarly, we found that depression
could be associated with sarcopenia: previous literature sug-
gests that sarcopenia and depression often coexists [43], but
it was poorly explored depression as potential risk factor for
sarcopenia. Finally, among the factors explored potentially
associated with sarcopenia, we found that higher physical
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Table 1 Baseline characteristics by the presence or not of mild cogni-
tive impairment

Table 2 Multivariate analysis of predictors of sarcopenia during fol-
low-up

Parameter No mild Mild p-value Parameter Reference Odds 95% 95%  p-value
cognitive cognitive ratio lower higher
impairment impairment CI CI
(n=2377)  (n=729) limit limit

Demographics and general MCI No MCI 1.236 1.090 1.596 0.01

characteristics Age Increase inone  1.066 1.050 1.082 <0.0001

Age, years 62.7(74) 644(8.1)  <0.0001 year

Female sex 42.4 52.1 <0.0001 Female sex Male sex 1.00 095 1.05 0.99

Whites 99.0 98.4 0.16 Whites No whites Too

Married 95.8 96.4 0.43 few

Years of education 9.2 (6.5) 7.8 (6.8) <0.0001 ) , cases

Ever smoking 62.1 613 0.70 Married g;ltljz marital 1.140 0.867 1.498 0.349

Eigell‘ physical activity  24.6 266 0.56 Years of Increase inone  0.843 0.681 1.042 0.114

R . education year
gg‘é’j;’l conditions e 1207 049 No smokers  Ever smok- 0.517 0.412 0.649 <0.0001
A A : ers (actual or

Any CVD or diabetes 259 24.2 0.15 previous)

High blood pressure 369 40.0 0.20 High physical Low physical 0.716 0.621 0.825 <0.0001

Lung disease (including 4.9 5.8 0.63 activity level  activity, moder-

asthma) ate phyiscal

Cancer 7.4 5.6 0.29 activity,sedentary

Parkinson’s disease 0.5 0.2 0.79 CES-D Increase inone  1.162 1.088 1.241 <0.0001

Psychiatric disorders 9.6 7.9 0.41 point

Glaucoma 43 4.7 0.86 Any CVDor No CVD or 0.889 0.634 1.245 0.493

Macular degeneration 1.6 1.7 0.98 diabetes diabetes

Cataract 10.4 12.4 0.04 High blood No high blood 1.002 0.828 1.214 0.980

, pressure pressure

Sarcopenia parameters . .

Mean handgrip strength ~ 33.7 (10.9)  31.6 (10.0)  <0.0001 Lung disease No lung disease  1.162 0.819 1.650 0.400

SMI 0.61 (0.18)  0.57(0.18)  <0.0001 Cancer No caantr 0.918 0.656 1.286 0.619

. Parkinson’s No Parkinson’s  Too

Obesity 262 31.1 0.001 disease disease few

Abbreviations: CES-D: Center for Epidemiologic Studies Depression cases

Scale, CVD: Cardiovascular Disease, SMI: Skeletal Mass Index Psychiatric No psychiatric 0754 0286 1.654 0345

disorders disorders

activity level was protective: our finding is in agreement Glaucoma No glaucoma 07210451 1153 0.172

. . . . h Macular No macular 0.525 0.245 1.126 0.098
with the literature about this topic as also shown in a large  gegeneration degeneration

systematic review about the topic [44]. Cataract No cataract 1254 1.004 1.567 0.046

MCI could predict sarcopenia through several mecha-  Obesity Underweight, 1.715 0.280 10.444 0.342
nisms. First, sarcopenia leads to loss of muscle mass and normal weight,
overweight

muscle weakness and contributes to abnormal myokine
secretion in the skeletal muscle, such as IL-6, IL-8, IL-15,
and Brain-Derived Neurotrophic Factor (BDNF) [45].
These alterations of myokine levels in blood vessels during
sarcopenia induce brain function in a paracrine and auto-
crine manner [46]. Myokine signaling may also explain the
beneficial effects of physical activity on cognition in older
adults, with an increase in the activity of prefrontal cortex
and hippocampus, two brain regions involved in memory
and cognition [47]. It is widely known that insulin resis-
tance, oxidative stress, and low-grade chronic elevation
of pro-inflammatory markers may be involved in both the
pathogenesis of sarcopenia and cognitive impairment [48].
In fact, atherosclerosis is known as a process of chronic
inflammation and alteration of the immune response, which

Abbreviations: CES-D: Center for Epidemiologic Studies Depression
Scale, CVD: Cardiovascular Diseases

leads to cardiovascular diseases [49]. Several studies have
reported that patients with atherosclerosis showed a reduc-
tion in skeletal muscle function, skeletal muscle mass, and
exercise intolerance, which are related to prevalence of sar-
copenia [50].

Neurological factors also play a role in the pathophysiol-
ogy of sarcopenia. Neuromuscular junctions (NMJs), while
having the structural features of other chemical synapses,
act as a bridge between the nervous (motor neuron) and skel-
etal muscle (myofiber) systems. NMJs play a relevant role
in age-related musculoskeletal impairment [45]. Elevated
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serum levels of C-terminal agrin fragment (CAF), resulting
from NMJ disassembly and denervation, are associated with
sarcopenia [51], supporting the hypothesis that NMJs integ-
rity is essential for the preservation of both motor nerve and
muscle fibers [51].

Multidomain interventions may contribute to delaying
the onset of sarcopenia in patients with MCI, with regard
to physical, cognitive and dietary pattern. Engaging in
regular physical activity, particularly aerobic exercise, has
the potential to attenuate mitochondrial dysfunction and
oxidative damage within motor neurons and NMIJs [52]. .
Aerobic exercise also appears to convey beneficial effects
by maintaining an adequate release of neurotrophins that
preserve the neuromuscular system [53]. Neuroimaging
research has revealed a connection between cognitive abili-
ties and gait control [45]. Cognitive therapy has been shown
to be effective in preventing falls, and programs focused
on walking have been found to lower the risk of dementia.
Consequently, individuals experiencing cognitive decline
demonstrate a slower walking pace than those in the con-
trol group [54]. Malnutrition is a risk factor for cognitive
impairment, which is common among people with demen-
tia, and associated with sarcopenia [55]. Numerous findings
suggest that the adoption of healthy lifestyle habits serves
to safeguard against cognitive decline [56]. The Mediterra-
nean diet could also be a favourable option for older adults
with sarcopenia to avoid or postpone cognitive decline [57].

Over ten years of follow-up, 12.1% of the initial popula-
tion included in the present study became sarcopenic and
the presence of MCI significantly predicted the onset of
sarcopenia. Each year of increasing age increased the risk
of sarcopenia by 6%, whereas not smoking was associated
with a decreased risk in sarcopenia onset, as shown in a
recent meta-analysis indicating that cigarette smoking as an
isolated factor may contribute to the development of sarco-
penia [58].

The results of this study must be interpreted consider-
ing its limitations. Firstly, the ELSA study did not include
a multi-domain cognitive assessment, and functions such as
psychomotor speed or executive function, which are often
impaired in older subjects with cognitive decline, were not
evaluated; this may have led to an underestimation of some
cases of MCI, particularly those with attentional-executive
impairment. Second, in ELSA, dementia diagnoses are not
based on hospital data, but are based on the use of self-
reported medical diagnoses, with the possibility of missing
some cases with dementia at onset. Third, the ELSA study
predominantly includes white British and thus results are
not generalizable to over ethnicities. Fourth, body composi-
tion was not estimated using objective gold standard mea-
surements: consequently, we had a surrogate of low fat-free
mass, based on anthropometric parameters. Although no
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direct assessment of body composition was performed, the
equation proposed by Lee and colleagues has good agree-
ment with the gold standard tool for evaluating body com-
position, i.e. DXA [59]. Fifth, although the analyses were
adjusted for the main potential confounders, residual con-
founding (e.g. neuropsychiatric symptoms, use of psycho-
tropic drugs) cannot be excluded.

In conclusion, the data from the present work show that
the presence of MCI at baseline was significantly associated
with a higher incidence of sarcopenia at 10-years of follow-
up, demonstrating a probable role of MCI as a predictor of
the onset of sarcopenia among older persons, highlighting
how the nervous and muscular systems are closely related,
as already expressed for millennia by the Latin proverb
mens sana in corpore sano. These findings suggest that
interventions are needed to help prevent sarcopenia among
older people with MCI, thereby reducing the burden on
individuals, families and society and, subsequently, increas-
ing quality of life. The data of the present study need to be
confirmed by prospective population studies conducted on
subjects with MCI defined by means of multidimensional
cognitive batteries.
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