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Abstract

Background Recent evidence from cross-sectional and longitudinal studies supports the hypothesis that sarcopenia is
associated with worsening cognitive function. However, primary evidence largely comes from high-income countries,
whereas in low- and middle-income countries, this association has been underexplored. This study aimed to estimate
the longitudinal association between sarcopenia and mild cognitive impairment in a sample of older Mexican adults.
Methods Data come from the three waves of the World Health Organization (WHO) Study on Global AGEing and
Adult Health (SAGE) in Mexico (2009, 2014, 2017). Four hundred ninety-six older adults, aged ≥50, were included.
Sarcopenia was defined as having low muscle quantity and either/both slow gait speed and weak handgrip strength.
Mild cognitive impairment was determined based on the recommendations of the National Institute on Aging-
Alzheimer’s Association. Cognitive function was evaluated by a composite cognitive score of five different cognitive
tests: immediate and delayed recall, forward and backward digit span and semantic verbal fluency. Three-level
mixed-effects models (logistic and linear) were used to estimate the longitudinal associations between sarcopenia, mild
cognitive impairment and cognitive function.
Results The prevalence of mild cognitive impairment (8.9%, 12.9%, 16.0%) and sarcopenia (10.5%, 20.7%, 23.3%)
showed a significant temporal increase for Waves 1, 2 and 3 (P-value < 0.01, respectively). The presence of sarcopenia
was significantly associated with mild cognitive impairment (OR = 1.74; CI95% 1.02, 2.96; P = 0.04) and worse cog-
nitive function (β = �0.57; CI95% -0.93, �0.21; P < 0.01). We observed significant associations between sarcopenia
and immediate verbal recall (β = �0.14; CI95% �0.28, �0.01; P = 0.04), delayed verbal recall (β = �0.12; CI95%
�0.23, �0.01; P = 0.03) and semantic verbal fluency (β = �0.17; CI95% �0.28, �0.05; P = 0.01). The prevalence
of mild cognitive impairment increased at an annual rate of 0.8% for non-sarcopenic older adults, but nearly 1.5%
for sarcopenic adults.
Conclusions Significant longitudinal associations were observed between sarcopenia, mild cognitive impairment and
cognitive function among older Mexican adults. Public health strategies, including policy research and clinical interven-
tions, must be implemented in low- and middle-income countries in order to reduce or delay the onset of sarcopenia
and thus improve population-level cognitive health among older adults.
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Introduction

Sarcopenia is a complex geriatric syndrome characterized by
progressive and generalized loss of skeletal muscle mass
(SMM), muscle strength and/or physical performance.1 Loss
of total muscle mass begins in midlife and accelerates up to
10% per decade around the age of 65.2 Sarcopenia has been
associated with adverse health outcomes such as risk of falls
and fractures, mental disorders, loss of independence, in-
creasing mortality, healthcare costs and poor quality of life.3

Due to these deleterious effects, sarcopenia has become a
subject of increased focus in the clinical geriatrics and the
ageing policy research.

Cognitive function (CF) naturally decreases as we age, and
when declining at a normal pace, will not significantly affect
the functional capacity of the older adults (OA) (i.e. basic
and instrumental activities of the daily life).4 However, when
this decline is greater than expected, it can result in mild cog-
nitive impairment (MCI) or dementia, leading to a loss of abil-
ities and changes in behaviour.5

The definition of sarcopenia varies according to the param-
eters and tools used to determine muscle mass, muscle
strength and physical performance. A wide range of
sarcopenia prevalence has been reported, ranging from 0 to
15% in healthy OA and 2 to 34% in geriatric outpatients.6 In
Mexico, prevalence ranges from 9.3 to 33.6%.7 Like
sarcopenia, the criteria for diagnosing MCI have been contro-
versial. However, the inclusion of different conditions such as
self-reported cognition changes, cognitive impairment in one
or more domains, functional independence and no dementia
is widely accepted.8 MCI has been observed between 3 and
22% worldwide,8 whereas in Mexico the prevalence ranges
between 6 and 16.5%.9,10 It is projected that, in low- and mid-
dle-income countries, MCI and sarcopenia will only continue
to increase,5,11 making it even more important to understand
how these two conditions may be associated.

Ageing plays an important role for the development of
sarcopenia and MCI. In addition, there are similar factors that
predispose these conditions (sex, physical inactivity and other
modifiable factors like diet or nutritional status).12,13 These
findings led to hypothesize on a common mechanism, for
both conditions, that is enhanced by the role of hormones,
chronic inflammation and oxidative stress.14,15 Recent evi-
dence seems to support the hypothesis that sarcopenia is as-
sociated with a worse CF and MCI, both in cross-sectional and
longitudinal studies. Peng et al., in the most recent review of
cross-sectional studies, evidenced a significant association
between sarcopenia and MCI.16 Evidence has not been con-
clusive from longitudinal data studies. In one study, OA with
sarcopenia had lower scores on the Mini-Mental State Exam-
ination (MMSE) at a 1-year follow-up when compared with
baseline.17 On the other hand, in two cohort studies with
French women and Korean OA, no significant association
was reported between sarcopenia and MCI.18,19

Given that the evidence has not been conclusive, and the
studies have been confined to high-income countries,
whereas in low- and middle-income countries there are no
studies that have explored this association, the aim of this
study was to estimate the longitudinal association between
sarcopenia and MCI as well as with CF in a sample of older
Mexican adults.

Methods

Population and sample

We used data from three waves of the World Health Orga-
nization (WHO) Study on Global AGEing and Adult Health
(SAGE) in Mexico. A multi-country, longitudinal study, SAGE
was based on nationally representative samples of individ-
uals aged 50 + years. It has been conducted in six coun-
tries, namely, China, Ghana, India, Mexico, Russia and
South Africa, with different geographic distributions, popu-
lation sizes, income levels (low and medium) and demo-
graphic as well as epidemiological transition phases. To
date, SAGE has three longitudinal measurements in
Mexico—Wave 1 (2009), Wave 2 (2014) and Wave 3
(2017). Details on the study design have been published
elsewhere.20

Mexican sample

For the SAGE Mexican sample, data for Wave 1 (baseline)
were collected between July and September 2009, with a to-
tal sample of 2312 respondents aged 50+. Wave 2 data were
collected between July and October 2014 with a sample of
2516 individuals, and Wave 3 from August to November
2017 with 2407 participants. Overall, a response rate of
83% was observed along the three waves.

Subsample for the sarcopenia measurements

In Wave 1, measurements on physical performance (Short
Physical Performance Battery [SPPB]) were obtained from a
subsample of 650 OA. From these, 496 had the three
follow-up measurements completed. A 12% mortality and
11.6% attrition rates were observed. Excluded participants,
when compared with the final sample, skewed older and
had a higher prevalence of both frailty and multimorbidity
(P < 0.05). The final analytical sample was composed of
496 OA aged 50+ (Figure 1).
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Figure 1 Study population and analytical sample.
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Measurements

Height and weight were measured using stadiometers and
calibrated electronic weighting scales. Grip strength was
measured twice on both hands with the use of the hand dy-
namometer (Baseline Electronic Smedley Hand Dynamome-
ter, Fabrication Enterprises, White Plains, NY, USA). A 4-m
time walk was used to measure the gait speed. Participants
were asked to walk at a normal pace. Walking aids (like a
cane) were allowed if the participant was more comfortable
with it.

Definition of variables

Outcomes
Cognitive function The SAGE study included five standard
cognitive tests to examine the association between
sarcopenia and cognition. These measures encompass differ-
ent domains of CF: verbal learning and recall (immediate and
delayed verbal recall), attention and working memory (for-
ward and backward digit span) and executive function (verbal
fluency).21 A brief description for each test procedure is given
below.

1 Immediate and delayed verbal recall. The interviewers
read a list of 10 words and asked the participants to imme-
diately recall and repeat as many words as they could in
1 min. Three trials of this assessment were performed.
Upon completing the third trial, the interviewer adminis-
tered the other cognitive tests, after which delayed recall
ability was determined by asking subjects to remember
the list of words.

2 Forward and backward digit span. In these tests, partici-
pants were required to repeat progressively longer series
of numbers; the total score was recorded as the longest
digit span repeated without error. The process was then
performed with the OA repeating a new set of increasingly
longer digit spans in reverse.

3 Semantic verbal fluency test. Consisted of naming as many
animals (without using proper nouns) as possible in 1 min;
the final score was correct responses minus errors.

According to a previous study with Mexico-SAGE data,22 com-
posite z-scores were calculated (to facilitate the comparison
of cognitive test performance between individuals) for each
cognitive test and to calculate an overall composite CF score.
Specifically, z-scores for each cognitive test were first com-
puted (using the sample mean and adjustment for level of ed-
ucation and age), and these five z-scores were then summed
to generate an overall composite cognition z-score.

Mild cognitive impairment Based on recommendations from
the National Institute of Aging-Alzheimer’s Association23

and previous works with the Mexico-SAGE data, an

algorithm was used to generate the MCI variable. The
OA who met all the following criteria were considered to
have MCI:

1 Concern regarding a change in cognition. Participants were
asked the following questions: ‘How would you best de-
scribe your memory at present?’ and/or ‘Compared to 12
months ago, would you say your memory is now better,
the same or worse than it was then?’ to evaluate this item.
Those OA who reported ‘bad’ or ‘very bad’ and ‘worse’
were considered to have concern with cognition.

2 Evidence of impairment in one or more cognitive domains
were assessed (based on a <�1 SD cut-off after adjust-
ment for level of education and age) with immediate and
delayed verbal recall, forward and backward digit span
and verbal fluency tests.

3 Independence in basic activities of the daily life (BADL)
evaluated with Katz scale.24

4 Not demented participants who could not take the survey
due to a severe cognitive impairment.

Main exposure

Sarcopenia
The presence of sarcopenia was defined, according to previ-
ous studies using the Mexico-SAGE data,10 as having low
SMM, reflected by lower skeletal muscle mass index (SMI),
and either or both slow gait speed and weak handgrip
strength. Specifically, sarcopenia was determined according
to the following criteria:

1 Low SMM. First, SMM was calculated as the appendicular
skeletal muscle mass (ASM) based on the equation pro-
posed by Lee et al.25 The following specific equation was
applied to our data: ASM = 0.244 * weight+7.8 * height
+6.6 * sex (female = 0, male = 1) � 0.098 * age
+race (White and Hispanic = 0, Black = 1.9,
Asian = 1.6) � 3.3. Further, the SMI was obtained, dividing
the ASM by the body mass index (BMI).26 Then, low SMM
(defined as the presence of low SMI) was established by
the lowest quintile of the SMI based on sex-stratified
values.

2 Slow gait speed. It was defined as the lowest quintile of
walking speed (m/s) based on height, age and
sex-stratified values.27,28

3 Weak handgrip strength. Using the average value of the
two handgrip measurements of the dominant hand, weak
handgrip was defined as <30 kg for men and <20 kg for
women.29

Covariates
Potential confounders were identified through research into
existing literature. These included sex (female = 1), age
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(5-year categories from 50 to 79 years and 80+) and years of
formal education (0–5, 6–8, 9–12 and 13 + years). Paid job
(yes = 1) and marital status (coupled = 1) were included as di-
chotomous variables. Frailty status was assessed using a
modified frailty phenotype based on the criteria proposed
by Fried et al. that includes five components: weight loss, ex-
haustion, low physical activity, slow walking speed and
weakness.27 OA were considered frail if they met three or
more of these criteria, prefrail if they met one or two and
not frail or robust if they met none of the above criteria. De-
tails of the application on this measurement of frailty in the
SAGE sample have been published elsewhere.30 Briefly, slow
gait speed and weakness (low grip strength) were described
above. Physical activity was assessed with the Global Physical
Activity Questionnaire (GPAQ) classifying OA in three catego-
ries (low, moderate and high physical activity) based on re-
ported time spent in moderate or vigorous activities during
work, recreational/leisure time and transportation. Exhaus-
tion was measured on a 5-point Likert scale by asking respon-
dents whether they had enough energy for daily activities.
This criterion was considered present if the OA answered,
‘Not at all’ or ‘A little’. Weight loss was defined using the
self-report of unintentional weight loss (≥5 kg) in the past
6 months. We included a list of six chronic diseases contained
in the SAGE study: Diabetes, stroke, hypercholesterolaemia
and hypertriglyceridaemia were measured according to
self-reported medical diagnosis; depression was estimated
through algorithms for symptomatology and self-reported
treatment; and hypertension was determined by either blood
pressure measurement and/or self-reported treatment. A de-
tailed description of these diseases has been published
elsewhere.31 Anthropometric measures of weight and height
were used to create the BMI (kg/m2). We also included the
following lifestyle/behavioural variables: physical activity, to-
bacco use, alcohol consumption and daily vegetable and fruit
intake. Tobacco use (never; ever smoked, no longer; current
smoker, not daily; current smoker, daily), alcohol consump-
tion (never; ever drinker, no longer; current drinker, low risk;
current drinker, high risk) and vegetable consumption (daily
portions: 0–2, 3–4, 5–6 and >7) were self-reported. In all
models, we include a categorical variable associated with
the time of measurement (2009 was the reference category,
2014 and 2017).

Statistical analyses
Baseline characteristics are presented in percentages and
means (standard deviation). We used chi-square or t-tests
to compare sarcopenia groups regarding baseline socio-de-
mographic, health and lifestyle variables.

Given that all individuals aged 50 years or older within the
same household were included in the Mexico-SAGE study and
that we have repeated measurements of cognition and
sarcopenia, our data have a three-level hierarchical structure:
measurement occasions at Level 1, individuals at Level 2 and

households at level 3. We then analysed the associations be-
tween MCI (also overall CF and its components) and
sarcopenia using logistic and linear mixed-effects regression
models. Specifically, we fitted random intercept models in-
cluding the subject and household IDs as random effects.
Odds ratios and regression coefficients (95% confidence in-
tervals [CI]) were reported.

Additional sensitivity analyses were performed. First, to
consider the time-varying independent variables in our anal-
yses, we disaggregate the between- and within-person ef-
fects in the random intercept models using the so-called
hybrid models (refs.1,2 in Appendix S1). In this method, the
association of outcome and time-varying covariate is sepa-
rated according to the between- and within-person effects.
For longitudinal data, the person-mean-centred time-varying
covariate serves as a within-person predictor, representing
the amount by which a person deviates from his or her aver-
age at each time point (within-person effect) at Level 1. At
Level 2, the associated mean of the person serves as a
between-person predictor, representing each person’s aver-
age, pooling over all time points (between-person effect).
Second, we explore the associations between the specific
components of sarcopenia (low muscle mass, slowness,
weakness) and mild cognitive impairment as well as CF. In ad-
dition, possible combinations of these components were
tested as well. All components and their combinations were
modelled as time-varying variables.

Differences were considered significant if P < 0.05. All sta-
tistical analyses were performed using Stata Version 16.1
software (StataCorp. 2020, College Station, TX.).

This study was conducted following the STROBE guidelines
for reporting cohort studies (STROBE checklist is reported in
Appendix S2) and the ethical guidelines for this journal
(ref.3 in Appendix S1).

Results

The baseline study sample included 496 OA, with a mean age
of 65.5 years (SD = 7.3 years), 65.1% female, 26.7% with paid
jobs, 64.9% married/cohabiting and 4.1 mean years of formal
education (SD = 3.7). As for health characteristics, 78.1% re-
ported the presence of at least one chronic condition, and
37.1% had multimorbidity, defined as the presence of two
or more chronic diseases. Prevalence of pre-frailty and frailty
were 53.9% and 5.7%, respectively. For lifestyle variables,
21.7% performed a moderate level of physical activity, and
39.2%, a high level. Finally, 52% had never smoked, and
65.3% had never consumed alcohol.

The prevalence rates of MCI and sarcopenia for each wave
of the study are shown in Table 1. Significant increases were
observed for both variables across time. For MCI, a preva-
lence of 8.9, 12.9 and 16.0% was reported in Waves 1, 2
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and 3, respectively. For sarcopenia, a prevalence of 10.5, 20.7
and 23.3%, was reported in Waves 1, 2 and 3.

Table 2 shows the distribution of the outcomes and the
socio-demographic characteristics of participants by
sarcopenia status. OA with sarcopenia had lower scores in im-
mediate verbal recall (P < 0.01), delayed verbal recall
(P = 0.03), forward digit span (P = 0.05) and semantic verbal
fluency (P < 0.01), as compared with those without
sarcopenia. Also, participants with sarcopenia were, on aver-
age, older (P < 0.01) than their non-sarcopenic counterparts.
As for health characteristics, sarcopenic OA had a higher pro-
portion of pre-frail or frail individuals (P < 0.01). No signifi-
cant differences were observed in other health-related or
lifestyle variables (Table 3).

Table 4 depicts the results of the mixed-effects regression
models with and without covariates adjustment. The

presence of sarcopenia was significantly associated with
MCI (OR = 1.74; CI95% 1.02, 2.96; P = 0.04) and worse CF
as assessed with the CCS (β = �0.57; CI95% �0.93, �0.21;
P < 0.01). Significant associations were also observed be-
tween sarcopenia and immediate verbal recall (β = �0.14;
CI95% �0.28, �0.01; P = 0.04), delayed verbal recall
(β = �0.12; CI95% �0.23, �0.01; P = 0.03) and semantic ver-
bal fluency (β = �0.17; CI95% �0.28, �0.05; P = 0.01).

The results of the mixed regression models treating
sarcopenia as a time-varying variable are shown in Table 5.
Overall, sarcopenia was significantly associated with all indi-
cators except for immediate verbal recall (P = 0.92) and de-
layed verbal recall (P = 0.44) for the between-person
effects. Meanwhile, for within-person effects, the only signif-
icant observed association was for the immediate verbal re-
call (P < 0.01). Complete results with all covariates
(invariant and time varying) are shown in Appendix S3 and
Table S1.

Regarding the results of the sarcopenia components and
their combinations (Table 6), none were significantly associ-
ated with MCI or immediate verbal recall. However, signifi-
cant associations were observed for several other indicators
of CF. The composite cognition score was associated with
slowness (β = �0.37, P = 0.03), low muscle mass
(β = �0.63, P < 0.01), slowness/weakness (β = �0.81,
P < 0.01) and weakness/low muscle mass (β = �0.75,

Table 1 Prevalence of MCI and sarcopenia by wave of the SAGE-Mexico
study

Wave 1 Wave 2 Wave 3 P-
valuea2009 2014 2017

Mild cognitive impairment (MCI) 8.9 12.9 16.0 <0.01
Sarcopenia 10.5 20.7 23.3 <0.01
aP-value for three-level logistic models with random intercept for
subjects and households.

Table 2 Baseline socio-demographic characteristics according to the presence of sarcopenia

Sarcopeniaa

No Yes
P-

valueb
444 52

89.5% 10.5%

Outcomes
Mild cognitive impairment 8.7 10.1 0.20
Overall composite cognition score 0.84 (3.00) �0.86 (2.60) <0.01
Immediate verbal recall 0.25 (0.85) �0.11 (0.77) <0.01
Delayed Verbal recall 0.16 (0.93) �0.17 (0.98) 0.03
Forward digit spam 0.15 (0.86) �0.10 (0.82) 0.05
Backward digit spam 0.10 (0.91) �0.16 (0.97) 0.07
Semantic verbal fluency 0.17 (0.87) �0.27 (0.78) <0.01

Covariates
Sex (female = 1) 66.6 55.1 0.11
Age
50–54 4.0 2.0
55–59 19.9 0.0
60–64 29.7 6.1
65–69 22.9 14.3
70–74 14.0 30.6
75–79 7.5 32.7
80+ 2.1 14.3 <0.01

Years of education
0–5 63.5 75.5
6–8 23.0 16.3
9–12 6.3 6.1
13+ 7.3 2.0 0.30

Paid job 26.9 18.4 0.20
Marital status (older adult with couple) 65.1 63.3 0.80

aCells are percentages or means (std. dev.).
bP-value for a chi-square or t tests.
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P < 0.01) combinations. Delayed verbal recall with weakness
(β = �0.10, P = 0.04) and slowness/weakness combination
(β = �0.18, P = 0.03). The forward digit span was associated
only with the combination of weakness/low muscle mass
(β = �0.27, P < 0.01); meanwhile, the backward digit span
with slowness (β = �0.14, P = 0.03), low muscle mass

(β = �0.20, P = 0.02) and the combination of slowness/weak-
ness (β = �0.22, P = 0.02). Finally, semantic verbal fluency
was associated with slowness (β = �0.14, P = 0.01), weakness
(β = �0.11, P = 0.04), low muscle mass (β = �0.18, P = 0.02)
and the combinations of slowness/weakness (β = �0.24,
P = 0.01) and slowness/low muscle mass (β = �0.20,
P = 0.04). We observed similar results for the specific
between-person effects. Regarding within-person effects,
we found significant associations for composite cognition
score with combinations of slowness/weakness (β = �0.69,
P < 0.01) and weakness/low muscle mass (β = �0.58,
P = 0.04); forward digit span with weakness/low muscle mass
combination (β = �0.24, P = 0.02); and semantic verbal flu-
ency with combinations of slowness/weakness (β = �0.27,
P < 0.01) and slowness/low muscle mass (β = �0.28,
P = 0.02).

Figure 2 shows the trajectory of adjusted MCI prevalence,
obtained from the three-level logistic mixed model, according
to the presence of sarcopenia. For both groups (non-
sarcopenic and sarcopenic), an overall increase in the preva-
lence of MCI was observed: 6.1% for non-sarcopenic and
12.1% for sarcopenic OA. These amounts represent an annual
increase rate of 0.8% for non-sarcopenic OA and 1.5% for
sarcopenic OA.

Discussion

Our findings show that sarcopenia is longitudinally associated
with MCI and several CF domains in a sample of
community-dwelling older Mexican adults. Specifically, we
observed that sarcopenia increases the odds of MCI and de-
creases the scores of the overall composite CF as well as im-
mediate verbal recall, delayed verbal recall and semantic
verbal fluency tests.

Previous research has explored the association between
sarcopenia and MCI/CF in cross-sectional and longitudinal
studies with mixed results. In a recent systematic review
and meta-analysis that evaluated the association between

Table 3 Baseline health and health-related lifestyles characteristics
according to the presence of sarcopenia

Sarcopeniaa

No Yes
P-

valueb
444 52

89.5% 10.5%

Frailty status
Not frail 41.8 20.4
Pre-frail 53.5 63.3
Frail 4.7 16.3 <0.01

Depression 10.8 6.1 0.22
Diabetes 15.9 10.2 0.23
Stroke 3.3 4.1 0.79
Hypercholesterolaemia 25.4 17.0 0.16
Hypertriglycaemia 15.9 6.4 0.02
Hypertension 64.9 73.5 0.21
Body mass index 28.68 (4.95) 29.5 (5.19) 0.30
Physical activity
Low 38.4 52.1
Moderate 22.5 14.6
High 39.1 33.3 0.16

Tobacco use
Never 65.6 67.4
Ever smoked, no longer 19.7 12.2
Current smoker, not daily 5.2 6.1
Current smoker, daily 9.6 14.3 0.51

Alcohol consumption
Never 52.7 49.0
Ever drinker, no longer 35.4 42.9
Current drinker (low risk) 8.4 8.2
Current drinker (high risk) 3.5 0.0 0.47

Vegetable and fruit intake
(daily portions)
0–2 42.1 34.8
3–4 39.0 52.2
5–6 14.0 8.7
7+ 5.0 4.4 0.36

aCells are percentages or means (std. dev.).
bP-value for a chi-square or t tests.

Table 4 Results of the three-level logistic and linear mixed regression models

Without covariates adjustment With covariates adjustment

OR 95%CI P-value OR 95%CI P-value

Mild cognitive impairment 1.89 1.19 ; 3.00 <0.01 1.74 1.02 ; 2.96 0.04
β 95%CI P-valuea β 95%CI P-valueb

Composite cognition score �0.78 �1.15 ; �0.40 <0.01 �0.57 �0.93 ; �0.21 <0.01
Immediate verbal recall �0.26 �0.39 ; �0.13 <0.01 �0.14 �0.28 ; �0.01 0.04
Delayed verbal recall �0.24 �0.35 ; �0.14 <0.01 �0.12 �0.23 ; �0.01 0.03
Forward digit span �0.11 �0.22 ; 0.01 0.05 �0.08 �0.19 ; 0.04 0.19
Backward digit span �0.12 �0.24 ; 0.01 0.05 �0.10 �0.23 ; 0.03 0.12
Semantic verbal fluency �0.23 �0.34 ; �0.12 <0.01 �0.17 �0.28 ; �0.05 0.01
aAdjusted for follow-up time duration and baseline MCI or cognitive function.
bAdjusted for follow-up time duration, baseline MCI or cognitive function and covariates shown in Tables 2 and 3.
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sarcopenia and MCI/dementia across15 cross-sectional stud-
ies, including 10 410 OA from Asia, Europe and America, a
significant association was found between sarcopenia and
MCI (pooled OR = 2.25; 95%CI: 1.70–2.97).16 Among longitu-
dinal studies, there have been no conclusive results. One
study with 131 Japanese community-dwelling OA reported
a significant association between sarcopenia and cognitive
decline (OR = 7.86; 95%CI: 1.53–40.5; P = 0.01).17 Other lon-
gitudinal studies have explored the role of specific factors in-
cluded in the sarcopenia diagnosis. Results from the Korean
Longitudinal Study on Health and Aging, with a sample of
297 OA (>65), found a partial association between
sarcopenia diagnosis and the incidence of MCI in 5-year fol-
low-up.19 Van Kan et al. explored changes in body composi-
tion (muscle and fat mass) assessed by dual-energy X-ray
absorptiometry (DXA) related to CF in women >75 from a
French cohort after 7-year follow up. No association was
found between percentage changes in muscle or fat, BMI
or CF (P-values: 0.27, 0.54 and 0.14, respectively).18 There
are several factors that could explain the observed differ-
ences: (a) use of distinct instruments to measure sarcopenia
and MCI/CF; (b) although OA have been included, different
age groups have been analysed; and (c) evaluation across dif-
ferent follow-up periods. Future studies, including meta-anal-
ysis, could help to determine the magnitude and
directionality of the association between sarcopenia and
MCI, trying to harmonize the measurements of sarcopenia
and MCI/CF.

In our study, between-person associations were predomi-
nant over within-person associations, a result that has al-
ready been reported in a longitudinal study with a sample
of Chinese OA in which the association of lifestyle factors
with cognition was evaluated (ref.4 in Appendix S1). This
could be attributed to the fact that changes within individ-
uals require a longer follow-up time compared with changes
between individuals. For example, and regarding sarcopenia,
we found significant longitudinal differences between indi-
viduals for MCI and CF (global and for forward digit span,
backward digit span and semantic verbal fluency) that did
not were observed within individuals. Likely, 8 years is not
enough to observe significant changes in these indicators
for the same individuals followed over time. However, fur-
ther studies are needed to confirm or discard this hypothesis
with a longer follow-up time.

As for the association between specific components of
sarcopenia and MCI or the CF, prior studies have reported
no conclusive results. A cross-sectional study observed that
sarcopenia was only associated with impairment in semantic
verbal fluency test. However, when disaggregating for
sarcopenia components, slowness and weakness, rather than
low muscle mass, were associated with global CF and various
cognitive domains (ref.5 in Appendix S1). On the contrary,
one study with older Mexican adults did not found significant
associations for slowness and cognitive impairment (ref.6 inTa
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Appendix S1). In our study, the results were mixed. We also
found that slowness was associated with CF and weakness
with the semantic verbal fluency test. Nonetheless, low mus-
cle mass was also associated with overall CF, forward and
backward digit span tests and semantic verbal fluency test.
Additionally, we found that specific combinations of
sarcopenia components were associated with several cogni-
tive domains. All in all, the findings on the association be-
tween the components of sarcopenia and MCI or CF remain
controversial; more longitudinal studies are needed to clarify
what sarcopenia components could be determinant for the
risk of MCI or a worse CF.

The specific mechanisms underlying the association be-
tween sarcopenia and MCI/CF have not been elucidated.
However, some shared pathways have been suggested given
that both conditions have multifactorial causes. First, ele-
vated pro-inflammatory cytokines and acute-phase proteins
like IL-6, CRP and TNFα have influence in protein balance syn-
thesis, inducing catabolic state and muscle loss.15 Second, an-
abolic hormones like IGF-1, insulin, growth hormone and
steroid hormones are involved in protein metabolism. During
ageing, these hormones decrease, leading to a reduction in
lean body mass and reduced muscle strength.32 Third, oxida-
tive stress modulates transcription factors and kinases. This
induces the accumulation of molecular damage that has been

associated with protein breakdown, protein synthesis and ap-
optosis, subsequently leading to muscle fibre atrophy and fi-
bre loss.33 Evidence has shown that all these mechanisms are
also associated with MCI or poorer CF.14,34 Additionally, it has
been hypothesized that physical inactivity could play a role
on the association of sarcopenia and CF. One such hypothesis
is that sarcopenia could lead to physical inactivity, even to
disability, which in turn could result in MCI or diminished
CF.35 Another possible mechanism is that physical inactivity,
potentially generated by sarcopenia, could decrease the ex-
pression of molecules related to neuronal plasticity and
learning (brain-derived neurotrophic factor and IGF-1).36

Our study has some strengths. To the best of our knowl-
edge, this is the first study conducted in low- or middle coun-
tries to assess the longitudinal association of sarcopenia and
CF among OA population. Additionally, we used a compre-
hensive set of cognitive tests in our study, broadening the
specific cognitive domains that could be significant related
to sarcopenia. There were also some limitations in our study.
First, although we used the criteria proposed by the
EWGSOP2 to define sarcopenia, we were not able to use
the specific algorithm because we did not have the informa-
tion from the SARC-F.37 Even so, the algorithm that we used
in this study had already been applied in previous studies, in-
cluding those that used SAGE data, to determine the

Figure 2 Longitudinal trajectory of mild cognitive impairment (MCI) according to the presence of sarcopenia. Note: MCI prevalence according to the
three-level logistic mixed model adjusted for covariates shown in Tables 2 and 3.
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prevalence of sarcopenia and its associated factors.38 Second,
we used predictive equations to estimate body composition,
which could either under- or overestimate muscle quantity,
specifically in those with higher BMI. However, Lee’s equation
has been validated shown to have a strong association with
the magnetic resonance image as a reference method (R-
square = 0.86).25 Third, although it is true that the application
of the mixed-effects models and explicit modelling of
time-varying covariates strengthen our results, it is necessary
to consider that both sarcopenia and MCI can be reversible.
This fact implies that ad hoc statistical models (e.g. Markov
chains) should be used in future studies evaluating the longi-
tudinal association between sarcopenia and MCI. Fourth,
even though we used the criteria recommended by the Na-
tional Institute on Aging and Alzheimer’s Association to de-
fine MCI, it was not possible to distinguish individuals with
probable or confirmed dementia. For this task, specialized
clinical diagnoses are required, which is not feasible in
population-based epidemiological studies.

In conclusion, this study provides support for a longitudinal
association between sarcopenia and MCI/CF in community-
dwelling OA. Sarcopenia compromises the health of OA
through reduced mobility, increased risk of falls and bone
fractures, disability, MCI and risk of death.3 Therefore, rele-
vant public health strategies should be targeted towards re-
ducing or delaying the onset of sarcopenia through policy
research and clinical interventions, specifically at early ages.
In particular, it is important to identify the key mechanisms
that could lead to sarcopenia, which in turn could help direct
interventions in OA populations.39 A recent systematic review
and meta-analysis of randomized control trials, for example,
evidenced that exercise and nutrition interventions could be

effective in sarcopenia treatment.40 If a causal association be-
tween sarcopenia and MCI were established, these kinds of
interventions could further help in the reduction of MCI
and Alzheimer’s disease.
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