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Introduction
According to the European Working Group on Sarco-
penia in Older People (EWGSOP), sarcopenia is char-
acterized as a gradual and widespread skeletal muscle 
condition linked to numerous negative health conse-
quences [1]. Sarcopenia is becoming more common as 
individuals age, and it is more prevalent among older 
adults [2]. However, it has been acknowledged that they 
can develop earlier in life [3]. Sarcopenia affects approxi-
mately 10%∼27% of older persons individuals globally [4] 
and is linked to a higher risk of falls, fractures, physical 
impairment, and mortality [5]. Moreover, prior research 
has linked different aspects of lifestyle, including lack of 
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Abstract
Background  The relationship between lung function and sarcopenia remains ambiguous. The primary aim of this 
study was to investigate the potential association between lung function and sarcopenia in the older adults, as well as 
to examine the mediating role of cognitive function in this relationship.

Methods  The participants were selected from a nationally representative population-based cohort in China. The 
peak expiratory flow (PEF) measurement was used to evaluate the lung function in older persons. The sarcopenia 
was diagnosed using the guidelines of the Asian Working Group for Sarcopenia (AWGS) in 2019. The Cox proportional 
hazard model was utilized to perform primary analyses of the relationship between PEF and sarcopenia. The 
mediating effect of cognitive function was evaluated using the counterfactual mediation method.

Results  This cohort study included 4,011 older adults (average age, 66.6 years; 53.3% males). During a follow-up 
period of 3.86 years, 349 individuals were diagnosed with sarcopenia. After adjusting for potential confounders, each 
one-standard-deviation increase in PEF was associated with a 28% reduction in the risk of sarcopenia (hazard ratio 
[HR]: 0.72; 95% confidence interval [CI]: 0.63, 0.80). There was a significant mediation of cognition for the association 
between PEF and incident sarcopenia, and the proportion mediated was 12.2% (95% CI: 4.5%, 23.1%).

Conclusions  Older adults with impaired lung function are more likely to develop sarcopenia. Nevertheless, cognition 
can explain only a small portion of this association. Thus, other potential pathways between lung function and 
sarcopenia must be elucidated.
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exercise, poor diet, tobacco use, and excessive sleep, to a 
higher likelihood of developing sarcopenia [5, 6]. Never-
theless, these associations primarily rely on observational 
studies not conducted within a specific cohort.

Several prior observational investigations have indi-
cated a potential link between sarcopenia and lung func-
tion in older adults. A Brazilian study discovered that 
spirometric variables, such as forced vital capacity (FVC), 
exhaled tidal volume, and forced expiratory volume in 
one second (FEV1), correlate negatively with sarcopenia 
[7]. Similarly, an Italian study found that FVC, FEV1, and 
peak expiratory flow (PEF) are positively associated with 
handgrip strength and chair stand tests [8]. The poten-
tial predictive role of pulmonary function on sarcopenia 
development, however, has not been explored in cohort 
studies.

Given the association between lung function and cog-
nitive decline [9, 10] and the observed link between 
cognitive impairment and sarcopenia [6], cognitive func-
tion may mediate the association between lung function 
and sarcopenia. Previous research has indicated that 
the buildup of amyloid-β (Aβ) in neuronal tissue in old 
mice may play a role in muscle atrophy and disruption 
of neuromuscular junctions(NMJ), which as the nexus 
between the nervous and muscular systems, is critical 
for input and dependable neural control of muscle force 
generation [11]. Additionally, pulmonary impairment 
has been linked to deficits in social recognition memory 
and changes in microglial profiles within the suprachi-
asmatic nucleus of the hypothalamus [12]. In instances 
of prolonged decline in pulmonary function, individuals 
may experience hypoxic conditions, which can have det-
rimental effects on neuronal oxygen homeostasis [13], 
may contributed to the onset and progression of cogni-
tive impairment [14]. Furthermore, systemic inflamma-
tion and immune dysregulation associated with certain 
pulmonary diseases may lead to neuroinflammation in 
the central nervous system, facilitated by the infiltration 
of proinflammatory cytokines across the blood-brain 
barrier [15]. These modifications in neurological factors 
may be linked to alterations in NMJ, such as changes in 
the structure and arrangement of pre- and postsynaptic 
membranes, a decrease in the quantity of synaptic vesi-
cles containing neurotransmitters, and a deceleration in 
axonal transport, which may play a role in the develop-
ment of sarcopenia [16, 17]. Currently, no observational 
study has evaluated cognition as a mediator or modifier 
of the association between pulmonary function and the 
risk of sarcopenia.

This study aimed to investigate the association between 
a measure of respiratory capacity, specifically PEF, 
and the likelihood of sarcopenia in older adults using a 
large prospective cohort study. Moreover, we evaluated 

whether cognition mediates the association between pul-
monary function and sarcopenia.

Method
Study population
In this study, participants were selected from the nation-
ally representative study sample, the China Health and 
Retirement Longitudinal Study (CHARLS). CHARLS 
aims to collect precise and dependable micro-data con-
cerning households and individuals aged 45 years or 
older in China. These data were used to analyze and 
address the population-aging problem in the country. 
In 2011, the national baseline survey called CHARLS 
was launched, involving 150 units at the county level, 
450 units at the village level, and approximately 17,000 
individuals from 10,000 households. The samples were 
monitored at two- to three-year intervals to observe any 
alterations. Individuals were interviewed at their resi-
dences using computer-assisted personal interviewing 
technology. More detailed information about CHARLS 
has been described in the previous literature [18]. The 
CHARLS survey project was approved by the Biomedi-
cal Ethics Committee of Peking University, and informed 
consent was signed by participants.

This study used data from three waves collected in 2011 
(baseline), 2013, and 2015. The sample size was 17,708 at 
baseline. Participants were excluded due to age less than 
60 years (n = 9,982) or without age information (n = 60), 
without physical measurement data for determining sar-
copenia at baseline (n = 2,521), diagnosed with sarcopenia 
according to AWGS2019 criteria at baseline (n = 808), no 
information on lung function (n = 88), no information on 
cognition (n = 184), and missing covariate data (n = 54). 
Finally, 4,011 eligible individuals were included in this 
prospective study. e-Figure S1 illustrates a detailed flow-
chart of the sample selection.

Measurement of lung function
The PEF measurement at baseline(2011) was used to eval-
uate the lung function of older persons. PEF is a depend-
able measure of lung function and is defined as the 
highest flow achieved during maximal expiration from 
maximum lung inflation [19]. It strongly associates with 
spirometry-measured FEV1 and provides a more accu-
rate indication of airway patency [20]. In the CHARLS 
study, PEF was measured in L/min by well-trained tech-
nicians using a peak flow meter equipped with a dispos-
able mouthpiece (EverpureTM; Shanghai, China). The 
examiner thoroughly inspected and calibrated the equip-
ment before the examination, comprehensively explain-
ing the measurement procedures. Participants were 
instructed to rise, inhale deeply, position their lips on the 
mouthpiece, and exhale forcefully and rapidly. Scientists 
documented the needle’s reading and recalibrated the 
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meter for two additional measurements. In this study, a 
timer was employed to establish a 30-s duration between 
each measurement, and the maximum values from the 
three tests were analyzed. The predicted normal value 
of PEF was calculated using a formula from a previous 
study in Chinese adults [21], considering age, gender, and 
height. Peak expiratory flow rate (PEFR) was calculated 
by dividing the actual value by the predicted value.

Measurement of cognition function
Trained investigators evaluated cognitive function at 
baseline(2011) through in-person interviews covering 
four aspects: orientation, episodic memory, computation, 
and drawing [22]. The orientation aspect included five 
elements: year, month, day, weekday, and the present sea-
son. A single point was given to each item for correct par-
ticipant responses, resulting in a cumulative score of five 
points. Participants were assessed on their computational 
skills by subtracting seven from 100 five times in a row, 
with one point for each accurate answer. Episodic mem-
ory consists of both immediate and delayed word recalls. 
Participants were given a set of 10 words and instructed 
to remember as many words as possible promptly.The 
scores for immediate recall ranged from 0 to 10, with a 
score of 1 for every word that was remembered accu-
rately. Delayed recall was assessed using a comparable 
scoring criterion. Drawing ability was assessed by testing 
the ability to redraw a previously displayed picture and 
was scored from 0 to 1. Cognitive function was evalu-
ated by adding scores for orientation(5 points), computa-
tion(5 points), episodic memory(20 points), and drawin(1 
point), resulting in a maximum score of 31. Higher scores 
indicate better cognitive function.

Outcome: sarcopenia assessment
Sarcopenia was evaluated at each wave(2011,2013 and 
2015) using the Asian Working Group for Sarcopenia 
in 2019 (AWGS2019) standards [2], including muscle 
strength, appendicular skeletal muscle mass (ASM), and 
physical performance. According to the AWGS2019 rec-
ommendations, muscle strength is expressed as handgrip 
strength. In CHARLS, handgrip strength was measured 
twice for each hand using the YuejianTM WL-1000 dyna-
mometer held at a 90° angle. The mean of the accessible 
data on the maximum strength was utilized. According 
to the AWGS 2019 diagnostic criteria, females with low 
handgrip strength are defined as having less than 18  kg 
and males with less than 28 kg [2]. Based on a previously 
validated formula, ASM estimation was conducted in 
the Chinese population [23]. This formula demonstrated 
strong concordance with dual-energy X-ray absorptiom-
etry (DXA) [23, 24]. Among the study population, low 
muscle mass was defined as the bottom 20% of sex-spe-
cific height-adjusted muscle mass (ASM/height2) [25]. 

In this research, the initial measurement indicated that 
the threshold for low muscle mass was below 6.80  kg/
m2 for males and below 4.97 kg/m2 for females. Accord-
ing to AWGS 2019, physical performance was assessed 
by measuring gait speed, conducting the five-time chair 
stand test, and administering the short physical perfor-
mance battery (SPPB). The participants in the gait speed 
test were directed to walk 2.5  m twice (round trip) at 
their usual pace. The completion time for this task was 
recorded. The five-time chair stand test assessed the time 
it took for a participant to stand up from a chair height of 
47 cm, with arms crossed over the chest, five consecutive 
times. The SPPB assessment consisted of three position 
tests, with each test lasting for 10 s: (1) side-by-side posi-
tion, (2) semi-tandem position, and (3) tandem position. 
Each SPPB test contributed 4 points, resulting in a total 
score of 12 points. In accordance with AWGS 2019 cri-
teria, low physical performance was defined as gait speed 
of < 1.0 m/s, five chair standing tests ≥ 12 s, or SPPB score 
≤ 9 [2]. The same instruments and procedures were used 
for all three waves. The instruments and details of each 
measurement are available in the CHARLS study over-
view [18]. Based on the AWGS2019 diagnosis criteria, 
sarcopenia was defined as low ASM and either low mus-
cle strength or low physical performance.

Covariates
According to prior knowledge, potential covariates 
included demographic information (age, gender, educa-
tion, and marital status), lifestyle behaviors (smoking, 
alcohol consumption, sleep duration, and nap duration), 
and health conditions (hypertension, type 2 diabetes, 
dyslipidemia, chronic lung diseases, cardiovascular dis-
ease (CVD), and arthritis or rheumatism). The detailed 
assessment methods and definitions are provided in Sup-
plemental material eMethod1.

Statistical analyses
The mean and standard deviation (SD) were used to pres-
ent descriptive characteristics at baseline for quantitative 
variables, while frequencies and percentages were used to 
present categorical variables. The differences between the 
three PEF tertile categories were tested using Analysis of 
Variance (ANOVA) or the chi-square test.

Cox proportional hazards models was fitted for exam-
ine the association between PEF, PEFR, and sarcopenia. 
The proportional hazard assumption was tested using 
the Schoenfeld residuals. The results were reported as 
hazard ratios (HRs) and 95% confidence intervals (CIs). 
Follow-up time was used as a time-dependent variable. 
Nonlinear associations between lung function indica-
tors and sarcopenia were determined using restricted 
cubic splines (RCS) fitting Cox proportional hazard mod-
els. Knots between 3 and 7 were tested, and the model 
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with the lowest Akaike information criterion value was 
selected for the RCS. The mean value of each exposure 
was used as the reference group for the curves.

The association between lung function indicators and 
sarcopenia and the mediating effect of cognitive function 
were tested using the counterfactual mediation method 
[26]. Two separate models were fitted to estimate the 
effect size of the mediation. The Cox proportional haz-
ard model was first used to predict sarcopenia based on 
exposure (lung function indicators), mediator (cogni-
tion function), an interaction term between exposure 
and mediator, and confounders. The mediator (cognition 
function) was second modeled using linear regression 
models based on exposure and confounders. All models 
were adjusted for age, gender, education, marital status, 
smoking, alcohol consumption, sleep duration, nap dura-
tion, hypertension, diabetes, dyslipidemia, chronic lung 
diseases, CVD, and arthritis. The directed acyclic graph 
is illustrated in eFigure 2. The total effect of lung func-
tion indicators on incident sarcopenia decomposes into 
four ways (eFigure 3). The total association of lung func-
tion indicators with incident sarcopenia was decomposed 
into controlled direct association (CDA), reference inter-
action (INTref ), pure indirect association (PIA), and 
mediated interaction (INTmed) [27]. The proportion of 
the association between lung function indicators and sar-
copenia mediated through cognitive function was calcu-
lated as the sum of the percentage of excess association of 
PIA and INTmed [28].

Several sensitivity analyses were performed: (1) add-
ing a lag time (a two-year lag time in this study) between 
lung function and cognition function (the exposure and 
confounders of baseline while the mediator of the second 
minimum); (2) excluding participants who self-reported 
suffering from chronic lung disease at baseline (n = 515); 
(3) excluding participants who had PEF values less than 
60  L/min at baseline (n = 104); (4) excluding all partici-
pants who experienced events within the first two years 
of follow-up to minimize the effect of reverse causal-
ity (n = 182). A subgroup analysis stratified by gender 
was also performed. All analyses were conducted using 
Stata 17.0 (College Station, Texas 77,845 USA) and R 
statistical software version 4.2.3 (R Project for Statistical 
Computing).

Results
Table  1 presents the characteristics of the population 
according to tertiles of PEF. The participant’s average age 
was 66.6 years, and 53.3% were male. The average follow-
up duration was 3.86 years (SD: 0.51 years). Over this 
period, 349 participants were diagnosed with sarcopenia 
using the AWGS2019 criteria. Overall, participants with 
a higher PEF were younger, more likely to be male, had 

higher cognition scores, without hypertension, chronic 
lung diseases, and CVD.

Figure 1 exhibits an association between the lung func-
tion markers and sarcopenia risk. After adjusting for all 
covariates, we found that each SD increment in PEF was 
associated with a lower 28% risk of sarcopenia among 
older adults (HR, 0.72; 95% CI: 0.63, 0.80). Finally, we 
fitted a three-knots RCS for a non-linear association 
between lung function indicators and sarcopenia risk. 
eTable 1 lists the Akaike information criteria for each 
knot of the RCS. eFigure 4 and eFigure 5 present non-lin-
ear associations between lung function indicators and the 
risk of sarcopenia. After adjusting for covariates, three-
knots RCS exposed that higher PEF was associated with 
a lower risk of sarcopenia (P for overall < 0.001), without 
evidence of non-linearity between PEF and risk of sarco-
penia (P for non-linear = 0.079).

Table  2 shows the counterfactual mediation methods 
results for the association between lung function indi-
cators and sarcopenia, with cognitive function as the 
mediator. The adjusted HR for the total association of 
PEF with risk of sarcopenia was 0.70 (95% CI: 0.62, 0.79). 
There is no evidence of an interaction between cognition 
function and PEF via the INTref or INTmed path, and 
most of the associations were direct. There was signifi-
cant mediation of cognition function for the association 
between PEF and incident sarcopenia, with a propor-
tion of 12.2% (95% CI: 4.5%, 23.1%), whereas it was 16.2% 
(95% CI: 3.0%, 49.1%) in females and 11.4% (95% CI: 2.1%, 
29.9%) in males (eTables 2 and 3). When PEFR was used 
as the exposure, similar results were obtained.

Sensitivity analysis results displayed that the propor-
tion mediated was 10.3% (95% CI: 4.3%, 20.1%) when a 
two-year lag time of cognitive function was a mediator 
for the total association between PEF and incident sar-
copenia (eTable 4). Similar results were obtained after 
excluding participants who self-reported chronic lung 
disease (eTable 5) or PEF < 60  L/min at baseline (eTable 
6). The mediation of cognitive function was non-signif-
icant after excluding sarcopenia events within the first 
two years of follow-up (eTable 7).

Discussion
This study found that higher PEF was associated with 
better cognition function in older adults at baseline. Fur-
thermore, better cognition was associated with a lower 
risk of sarcopenia. Finally, we observed that a higher PEF 
was associated with a lower risk of incident sarcopenia, 
and cognition explained that the association between 
PEF and sarcopenia was small.

Our findings regarding lung and cognitive function at 
baseline are consistent with prior research [29, 30]. Previ-
ous studies have linked decreased lung function to poor 
cognitive function and dementia [31, 32]. Moreover, 
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decreased pulmonary function is more likely to predict 
cognition decline [33]. Pulmonary function decline may 
decrease cognitive performance via hypoxia, decreased 
neurotransmitter function, increased systemic inflam-
matory processes, or a combination of various factors 
[9, 10]. Although numerous research have examined that 
sarcopenia may be a potential contributing factor to cog-
nitive impairment [34, 35], our findings indicate a posi-
tive correlation between diminished cognitive abilities 
and increased susceptibility to sarcopenia. Likewise, a 
longitudinal study also found that any cognitive impair-
ment predicted decreased handgrip strength [36]. These 
data align with the findings of several cognitive training 
studies that have demonstrated a beneficial impact on 
physical performance [37, 38]. However, the underlying 
mechanisms between cognition and skeletal muscle have 
not been fully elucidated, and the muscle-brain relation-
ship warrants further investigation.

Consistent with prior observational research, our 
investigation discovered a positive correlation between 
enhanced respiratory function and a reduced likeli-
hood of sarcopenia [39, 40]. Even in subgroup analysis 
among the self-reported chronic lung disease population, 

residual lung function was associated with sarcopenia. 
Earlier research has discovered that chronic obstruc-
tive pulmonary disease(COPD)patients with sarcopenia 
exhibit reduced maximal inspiratory pressure and dimin-
ished respiratory muscle strength [41, 42]. However, no 
study has evaluated the mediating effect of cognition 
on lung function in sarcopenia using formal mediation 
analysis.

Our study presented that approximately one-tenth of 
the association between poor lung function and incident 
sarcopenia contributed to poor cognition, with most of 
the association attributed to the direct effect of poor lung 
function. An alternative behavioral mechanism is that 
aging weakens the respiratory system, a person’s physi-
cal capacity decreases as they age because they become 
less tolerant of physical exertion and become physically 
inactive. This may affect the musculoskeletal system with 
reduced strength and even loss of muscle mass.Another 
explanation is that chronic hypoxia, such as reduced 
PEF, may be associated with increased elastic fiber pro-
teolysis and collagen, resulting in pulmonary hyperinfla-
tion. Thus, the oxygen supply transported to the muscles 
may be insufficient for proper functioning, resulting in 

Table 1  Characteristics of the population by tertiles of peak expiratory flow
Characteristics Total (n = 4011) Lowest (n = 1355) Middle (n = 1293) Highest (n = 1363) P-value a

Age (years), mean (SD) 66.6 (5.6) 67.8 (6.1) 66.4 (5.6) 65.5 (5.0) < 0.001
Gender (male), n (%) 2137 (53.3) 530 (39.1) 564 (43.6) 1043 (76.5) < 0.001
Education, n (%) < 0.001
  Primary school and below 3184 (79.4) 1172 (86.5) 1077 (83.3) 935 (68.6)
  Middle school 559 (13.9) 132 (9.7) 158 (12.2) 269 (19.7)
  High school 268 (6.7) 51 (3.8) 58 (4.5) 159 (11.7)
Marital status (married), n (%) 3334 (83.1) 1074 (79.3) 1064 (82.3) 1196 (87.7) < 0.001
Smoking, n (%) 1268 (31.6) 323 (23.8) 379 (29.3) 566 (41.5) < 0.001
Alcohol drinking, n (%) 1019 (25.4) 287 (21.2) 269 (20.8) 463 (34.0) < 0.001
Sleep duration (hours), n (%) 0.043
  < 7 2142 (53.4) 742 (54.8) 702 (54.3) 698 (51.2)
  7–8 1530 (38.1) 489 (36.0) 478 (37.0) 563 (41.3)
  > 8 339 (8.5) 124 (9.2) 113 (8.7) 102 (7.5)
Nap duration (minute), n (%) 0.021
  0 ∼ 30 2096 (52.3) 736 (54.3) 679 (52.5) 681 (50.0)
  31 ∼ 60 1140 (28.4) 393 (29.0) 360 (27.8) 387 (28.4)
  61∼ 775 (19.3) 226 (16.7) 254 (19.6) 295 (21.6)
Cognition score, mean (SD) 13.2 (5.6) 11.5 (5.5) 12.9 (5.6) 15.0 (5.2) < 0.001
Hypertension, n (%) 2216 (55.2) 814 (60.1) 716 (55.4) 686 (50.3) < 0.001
Type 2 diabetes, n (%) 1593 (39.7) 518 (38.2) 528 (40.7) 549 (40.3) 0.380
Dyslipidemia, n (%) 2365 (59.0) 781 (57.6) 756 (58.5) 828 (60.7) 0.234
Chronic lung diseases, n (%) 515 (12.8) 282 (20.8) 148 (11.4) 85 (6.2) < 0.001
Cardiovascular disease, n (%) 697 (17.4) 297 (21.9) 216 (16.7) 184 (13.5) < 0.001
Arthritis or rheumatism, n (%) 1481 (36.9) 510 (37.6) 494 (38.2) 477 (35.0) 0.184
PEF (L/min), mean (SD) 269.8 (119.7) 143.9 (48.1) 260.4 (31.3) 403.8 (71.4) < 0.001
PEFR, mean (SD) 0.8 (0.3) 0.4 (0.2) 0.8 (0.2) 1.1 (0.2) < 0.001
Sarcopenia during follow-up, n(%) 349 (8.7) 162 (12.0) 117 (9.0) 70 (5.1) < 0.001
aP-value was examined using ANOVA or Chi-square test

SD, standard deviation; PEF, peak expiratory flow; PEFR, peak expiratory flow rate
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sarcopenia development [43]. This can explain the high 
prevalence of sarcopenia in individuals with COPD [44]. 
Therefore, lung function may be an independent predic-
tive factor for sarcopenia. A recently coined term called 
‘Respiratory Sarcopenia’ or ‘Presbypnea’ refers to a con-
dition where the body experiences sarcopenia, reduced 
respiratory muscle mass, decreased respiratory muscle 
strength, and/or impaired respiratory function [45]. 
Further studies are required to investigate the potential 
increase in the sensitivity and specificity of sarcopenia 

screening by incorporating additional indicators of lung 
function.

While a partial mediation effect was observed in the 
association between lung function and sarcopenia in 
this study, there are numerous factors that may have 
influenced this finding, indicating the need for further 
research. It should be noted that cognitive function was 
self-reported in this study, potentially introducing mea-
surement bias, and a one-point difference in cognitive 
function score within this association may be considered 
minor. Additionally, the co-occurrence of sarcopenia and 

Table 2  Mediation role of cognitive function for the association between lung function indicators and sarcopenia
Association component PEF PEFR

HR (95% CI)a Percentage of excess as-
sociation (95% CI)

HR (95% CI) Percentage 
of excess 
association 
(95% CI)

Total association 0.70 (0.62, 0.79) 100 0.76 (0.68, 0.84) 100
Controlled direct association 0.72 (0.63, 0.80) 88.3 (79.5, 96.1) 0.77 (0.68, 0.86) 88.4 (74.5, 

99.8)
Reference interaction 0.00 (-0.03, 0.04) –0.5 (–13.3, 8.9) 0.01 (–0.02, 0.05) –3.6 (–24.1, 

8.0)
Mediated interaction 0.00 (-0.01, 0.02) –1.2 (–5.5, 3.0) 0.00 (–0.01, 0.01) 0.1 (–4.3, 6.5)
Pure indirect association 0.96 (0.94, 0.98) 13.4 (7.0, 21.3) 0.96 (0.94, 0.98) 15.1 (7.8, 28.0)
Proportion mediated (%) 12.2 (4.5, 23.1) 15.2 (7.1, 31.4)
a adjusted for age, gender, education, marital status, smoking, alcohol consumption, sleep duration, nap duration, hypertension, diabetes, dyslipidemia, chronic 
lung diseases, cardiovascular disease, and arthritis

PEF, peak expiratory flow; PEFR, peak expiratory flow rate; HR, hazard ratio; CI, confidence interval

Fig. 1  Cognitive function acts as a mediator in the relationship between lung function indicators and sarcopenia. Panel A: Cognitive function as a 
mediator for the association between PEF and sarcopenia. Panel B: Cognitive function as a mediator for the association between PEFR and sarcopenia
Note: The association of per SD increment in PEF or PEFR with sarcopenia was fitted using Cox proportional hazard models after adjusting for age, gen-
der, education, marital status, smoking, alcohol consumption, sleep duration, nap duration, hypertension, diabetes, dyslipidemia, chronic lung diseases, 
cardiovascular disease, and arthritis. The association between PEF or PEFR and cognition function was modeled using generalized linear regression after 
adjusting for the same covariates, whereas the association of per one SD increment in cognition function (5.6 points) with sarcopenia was modeled using 
Cox proportional hazard regression was also adjusted for PEF or PEFR
PEF, peak expiratory flow; PEFR, peak expiratory flow rate
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cognitive decline in older individuals has been well-doc-
umented in the literature [46]. Declining muscle function 
accelerates cognitive impairment, and cognitive impair-
ment in turn affects muscle strength [47]. Additionally, 
various neurological factors related to cognitive function 
may act as mediators in this relationship. The impair-
ment of lung function, linked to neuroendocrine connec-
tions involving testosterone, insulin, and growth factors, 
exerts significant impacts on both muscle and brain func-
tion [48]. A recent study has identified a potential associ-
ation between sarcopenia and cognitive function in older 
individuals, suggesting a potential mechanism involving 
muscle-derived signaling molecules known as myokines 
in facilitating communication between muscle and brain 
tissues [49].

Extensive studies have produced convincing proof 
regarding the effectiveness of exercise treatments in indi-
viduals with sarcopenia, although the results were incon-
sistent. Several studies have indicated that resistance 
training can enhance muscle strength, skeletal muscle 
mass, and physical function [50, 51], whereas aerobic 
exercise augments the cross-sectional areas of muscle 
fibers [52, 53]. However, age-related decline in lung func-
tion cannot be reversed through training. Decreased 
pulmonary function likely contributes to exercise intol-
erance in healthy older adults, particularly those who 
maintain physical activity during senescence [54]. A 
multi-component or appropriate exercise therapy plan 
may be optimal. From our results and the viewpoint of 
prevention, fitted aerobic or balance exercises, such as 
walking in older adults, to retain aerobic capacity are use-
ful, considering the ability to increase cerebral oxygen-
ation and improve cognition function [55, 56].

Although we postulated that cognitive function could 
act as a mediator in altering the link between lung func-
tion and sarcopenia, other alternative pathways may 
influence the relationship between lung function and 
sarcopenia. Pulmonary limitation could potentially 
increase the likelihood of systemic inflammation [57]. 
However, chronic inflammation governs the develop-
ment of age-associated sarcopenia [58]. In patients with 
COPD, handgrip strength and skeletal muscle mass index 
were correlated with IL-6 and TNF [59]. Moreover, there 
is a suggestion that unhealthy lifestyle behaviors, such as 
smoking and a poor diet, which are known to be linked to 
decreased lung function [60], may act as mediators in the 
relationship between lung function and sarcopenia, given 
their associations with sarcopenia [61]. Other pathways, 
such as depression, associated with both lung function 
and sarcopenia [19, 62], may play a role as a mediator and 
should be explored in further studies.

To our knowledge, this is the first study to evaluate the 
mediation role of cognition in the association between 
lung function and sarcopenia incidence in an older adult 

cohort. In contrast to prior cross-sectional research, 
our study examined the impact of lung function on the 
risk of sarcopenia and investigated its potential mecha-
nism, providing evidence for preventing sarcopenia in 
older adults. However, our study has several limitations 
to address. First, unlike the ASM measurement method 
in AWGS or EWGSOP, namely DXA or bioelectrical 
impedance analysis (BIA), our study used a formula to 
estimate ASM, which is relatively insensitive to ASM 
longitudinal changes, leading to misclassification bias. 
However, the estimated value has good agreement with 
DXA. Second, the feasibility of spirometry is challenged 
in subjects with severe cognitive impairment [63], indi-
cating that some participants may be excluded from PEF 
measurement, thereby increasing the possibility of mis-
calculating the association. Moreover, we did not evalu-
ate the association of other lung function indicators, such 
as FEV, with incident sarcopenia. Third, there is a possi-
bility of residual confounding due to the absence of other 
potential confounding factors, such as physical activity, 
which is why this study was unable to exclude residual 
confounding. Finally, we did not have lung function as a 
time-varying exposure since lung function may decline 
with aging and happen simultaneously with cognition 
decline because the limited mediation methods currently.

Conclusion
Older adults with impaired lung function are more likely 
to develop sarcopenia. However, cognition function can 
explain only a small portion of this association. There-
fore, additional studies on the pathways underlying the 
association between lung function and sarcopenia in 
older adults are needed. Moreover, targeted intervention 
strategies are necessary to slow lung function and pre-
vent sarcopenia.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-024-18848-5.

Supplementary Material 1

Acknowledgements
The data used in this paper are from China Health and Retirement 
Longitudinal Study (CHARLS). We thank all participants and staff of CHARLS.

Author contributions
Zhao Hu design of the work; Lu Tang and yiqiang Zhan have drafted the work 
or substantively revised it.All authors reviewed the manuscript.

Funding
Open access funding provided by Karolinska Institute. This study 
was supported by Guangdong Pearl River Scholar Program (Health 
section: 0920220206).
Open access funding provided by Karolinska Institute.

https://doi.org/10.1186/s12889-024-18848-5
https://doi.org/10.1186/s12889-024-18848-5


Page 8 of 9Hu et al. BMC Public Health         (2024) 24:1347 

Data availability
Sequence data that support the findings of this study have been deposited in 
the http://charls.pku.edu.cn/.

Declarations

Ethics approval and consent to participate
The studies involving human participants were reviewed and approved by 
Biomedical Ethics Review Committee of Peking University (IRB00001052-
11015; IRB00001052-11014). The participants provided their written informed 
consent to participate in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 21 March 2024 / Accepted: 14 May 2024

References
1.	 Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised European consen-

sus on definition and diagnosis[J]. Age Ageing. 2019;48(1):16–31.
2.	 Chen LK, Woo J, Assantachai P, et al. Asian Working Group for Sarcopenia: 

2019 Consensus Update on Sarcopenia diagnosis and Treatment[J]. J Am 
Med Dir Assoc. 2020;21(3):300–e3072.

3.	 Sayer AA, Syddall H, Martin H, et al. The developmental origins of 
sarcopenia[J]. J Nutr Health Aging. 2008;12(7):427–32.

4.	 Petermann-Rocha F, Balntzi V, Gray SR, et al. Global prevalence of Sarcopenia 
and severe Sarcopenia: a systematic review and meta-analysis[J]. J Cachexia 
Sarcopenia Muscle. 2022;13(1):86–99.

5.	 Yuan S, Larsson SC. Epidemiology of Sarcopenia: prevalence, risk factors, and 
consequences[J]. Metabolism. 2023;144:155533.

6.	 Gao Q, Hu K, Yan C et al. Associated factors of Sarcopenia in Community-
Dwelling older adults: a systematic review and Meta-Analysis[J]. Nutrients, 
2021, 13(12).

7.	 Ohara DG, Pegorari MS, Oliveira Dos Santos NL, et al. Cross-sectional study 
on the Association between pulmonary function and Sarcopenia in Brazilian 
Community-Dwelling Elderly from the Amazon Region[J]. J Nutr Health 
Aging. 2020;24(2):181–7.

8.	 Landi F, Salini S, Zazzara MB, et al. Relationship between pulmonary function 
and physical performance among community-living people: results from 
look-up 7 + study[J]. J Cachexia Sarcopenia Muscle. 2020;11(1):38–45.

9.	 Xie W, Zheng F, Cai Y, et al. Reduced lung function and cognitive decline in 
aging: a longitudinal cohort Study[J]. Ann Am Thorac Soc. 2021;18(2):373–6.

10.	 Duong M, Usman A, Ma J, et al. Associations between lung function and 
physical and cognitive health in the Canadian longitudinal study on aging 
(CLSA): a cross-sectional study from a multicenter national cohort[J]. PLoS 
Med. 2022;19(2):e1003909.

11.	 Xu H, Bhaskaran S, Piekarz KM, et al. Age related changes in muscle Mass 
and Force Generation in the Triple Transgenic (3xTgAD) mouse model of 
Alzheimer’s Disease[J]. Front Aging Neurosci. 2022;14:876816.

12.	 De Luca SN, Chan SMH, Dobric A, et al. Cigarette smoke-induced pulmonary 
impairment is associated with social recognition memory impairments and 
alterations in microglial profiles within the suprachiasmatic nucleus of the 
hypothalamus[J]. Brain Behav Immun. 2023;109:292–307.

13.	 Bazan NG, Palacios-Pelaez R, Lukiw WJ. Hypoxia signaling to genes: signifi-
cance in Alzheimer’s disease[J]. Mol Neurobiol, 2002, 26(2–3): 283 – 98.

14.	 Peers C, Dallas ML, Boycott HE, et al. Hypoxia and neurodegeneration[J]. Ann 
N Y Acad Sci. 2009;1177:169–77.

15.	 Joh HK, Kwon H, Son KY, et al. Allergic diseases and Risk of Incident Dementia 
and Alzheimer’s Disease[J]. Ann Neurol. 2023;93(2):384–97.

16.	 Arosio B, Calvani R, Ferri E et al. Sarcopenia and Cognitive decline in older 
adults: targeting the muscle-brain Axis[J]. Nutrients, 2023, 15(8).

17.	 Arnold WD, Clark BC. Neuromuscular junction transmission failure in aging 
and sarcopenia: the nexus of the neurological and muscular systems[J]. Age-
ing Res Rev. 2023;89:101966.

18.	 Zhao Y, Hu Y, Smith JP, et al. Cohort profile: the China Health and Retirement 
Longitudinal Study (CHARLS)[J]. Int J Epidemiol. 2014;43(1):61–8.

19.	 Guo L, Yang L, Rao L, et al. Too depressed to breathe: the longitudinal associa-
tion between depressive symptoms and lung function among general 
middle-aged and older adults[J]. Arch Gerontol Geriatr. 2022;103:104797.

20.	 Hansen EF, Vestbo J, Phanareth K, et al. Peak flow as predictor of overall mor-
tality in asthma and chronic obstructive pulmonary disease[J]. Am J Respir 
Crit Care Med. 2001;163(3 Pt 1):690–3.

21.	 Jian W, Gao Y, Hao C, et al. Reference values for spirometry in Chinese aged 
4–80 years[J]. J Thorac Dis. 2017;9(11):4538–49.

22.	 Luo Y, Pan X, Zhang Z. Productive activities and cognitive decline among 
older adults in China: evidence from the China Health and Retirement Longi-
tudinal Study[J]. Soc Sci Med. 2019;229:96–105.

23.	 Wen X, Wang M, Jiang CM, et al. Anthropometric equation for estimation of 
appendicular skeletal muscle mass in Chinese adults[J]. Asia Pac J Clin Nutr. 
2011;20(4):551–6.

24.	 Yang M, Hu X, Wang H, et al. Sarcopenia predicts readmission and mortality 
in elderly patients in acute care wards: a prospective study[J]. J Cachexia 
Sarcopenia Muscle. 2017;8(2):251–8.

25.	 Delmonico MJ, Harris TB, Lee JS, et al. Alternative definitions of Sarcopenia, 
lower extremity performance, and functional impairment with aging in older 
men and women[J]. J Am Geriatr Soc. 2007;55(5):769–74.

26.	 Richiardi L, Bellocco R, Zugna D. Mediation analysis in epidemiology: meth-
ods, interpretation and bias[J]. Int J Epidemiol. 2013;42(5):1511–9.

27.	 Vanderweele TJ. A unification of mediation and interaction: a 4-way 
decomposition[J]. Epidemiology. 2014;25(5):749–61.

28.	 Valeri L, Vanderweele TJ. Mediation analysis allowing for exposure-
mediator interactions and causal interpretation: theoretical assumptions 
and implementation with SAS and SPSS macros[J]. Psychol Methods. 
2013;18(2):137–50.

29.	 Aretz B, Janssen F, Vonk JM, et al. Long-term exposure to fine particulate mat-
ter, lung function and cognitive performance: a prospective Dutch cohort 
study on the underlying routes[J]. Environ Res. 2021;201:111533.

30.	 Costa RO, Ritti-Dias RM, Cucato GG, et al. Association between respiratory 
capacity, quality of life and cognitive function in elderly individuals[J]. Ein-
stein (Sao Paulo). 2019;17(1):eAO4337.

31.	 Pathan SS, Gottesman RF, Mosley TH, et al. Association of lung function with 
cognitive decline and dementia: the atherosclerosis risk in communities 
(ARIC) Study[J]. Eur J Neurol. 2011;18(6):888–98.

32.	 Ma YH, Shen LX, Li YZ, et al. Lung function and risk of incident dementia: 
a prospective cohort study of 431,834 individuals[J]. Brain Behav Immun. 
2023;109:321–30.

33.	 Emery CF, Finkel D, Pedersen NL. Pulmonary function as a cause of cognitive 
aging[J]. Psychol Sci. 2012;23(9):1024–32.

34.	 Yang Y, Xiao M, Leng L, et al. A systematic review and meta-analysis of the 
prevalence and correlation of mild cognitive impairment in sarcopenia[J]. J 
Cachexia Sarcopenia Muscle. 2023;14(1):45–56.

35.	 Hu Y, Peng W, Ren R, et al. Sarcopenia and mild cognitive impairment among 
elderly adults: the first longitudinal evidence from CHARLS[J]. J Cachexia 
Sarcopenia Muscle. 2022;13(6):2944–52.

36.	 Mcgrath R, Vincent BM, Hackney KJ, et al. The Longitudinal associations of 
Handgrip Strength and cognitive function in Aging Americans[J]. J Am Med 
Dir Assoc. 2020;21(5):634–e6391.

37.	 Sipilä S, Tirkkonen A, Savikangas T, et al. Effects of physical and cognitive 
training on gait speed and cognition in older adults: a randomized controlled 
trial[J]. Scand J Med Sci Sports. 2021;31(7):1518–33.

38.	 Bherer L, Gagnon C, Langeard A, et al. Synergistic effects of Cognitive Training 
and Physical Exercise on Dual-Task performance in older Adults[J]. J Gerontol 
B Psychol Sci Soc Sci. 2021;76(8):1533–41.

39.	 Jeon YK, Shin MJ, Kim MH, et al. Low pulmonary function is related with 
a high risk of Sarcopenia in community-dwelling older adults: the Korea 
National Health and Nutrition Examination Survey (KNHANES) 2008–2011[J]. 
Osteoporos Int. 2015;26(10):2423–9.

40.	 Park HK, Lee SH, Lee SY, et al. Relationships between lung function decline 
and skeletal muscle and fat mass changes: a longitudinal study in healthy 
individuals[J]. J Cachexia Sarcopenia Muscle. 2021;12(6):2145–53.

41.	 Mansour KMK, Goulart CDL, Carvalho-Junior LCS, et al. Pulmonary function 
and functional capacity cut-off point to establish Sarcopenia and Dynapenia 
in patients with COPD[J]. J Bras Pneumol. 2019;45(6):e20180252.

42.	 Martínez-Luna N, Orea-Tejeda A, González-Islas D, et al. Association between 
body composition, Sarcopenia and pulmonary function in chronic obstruc-
tive pulmonary disease[J]. BMC Pulm Med. 2022;22(1):106.

http://charls.pku.edu.cn/


Page 9 of 9Hu et al. BMC Public Health         (2024) 24:1347 

43.	 Attaway AH, Bellar A, Mishra S, et al. Adaptive exhaustion during pro-
longed intermittent hypoxia causes dysregulated skeletal muscle protein 
homeostasis[J]. J Physiol. 2023;601(3):567–606.

44.	 Sepúlveda-Loyola W, Osadnik C, Phu S, et al. Diagnosis, prevalence, and clini-
cal impact of Sarcopenia in COPD: a systematic review and meta-analysis[J]. J 
Cachexia Sarcopenia Muscle. 2020;11(5):1164–76.

45.	 Nagano A, Wakabayashi H, Maeda K, et al. Respiratory Sarcopenia and Sar-
copenic Respiratory disability: concepts, diagnosis, and Treatment[J]. J Nutr 
Health Aging. 2021;25(4):507–15.

46.	 Peng TC, Chen WL, Wu LW, et al. Sarcopenia and cognitive impairment: a 
systematic review and meta-analysis[J]. Clin Nutr. 2020;39(9):2695–701.

47.	 Xing Y, Li X, Ma L. Exploring the Intricate Nexus of Sarcopenia and Cognitive 
Impairment[J]. Aging Dis; 2023.

48.	 Ari Z, Kutlu N, Uyanik BS, et al. Serum testosterone, growth hormone, and 
insulin-like growth factor-1 levels, mental reaction time, and maximal aerobic 
exercise in sedentary and long-term physically trained elderly males[J]. Int J 
Neurosci. 2004;114(5):623–37.

49.	 Scisciola L, Fontanella RA, Surina et al. Sarcopenia and cognitive function: role 
of myokines in muscle brain Cross-Talk[J]. Life (Basel), 2021, 11(2).

50.	 Shen Y, Shi Q, Nong K, et al. Exercise for Sarcopenia in older people: a sys-
tematic review and network meta-analysis[J]. J Cachexia Sarcopenia Muscle. 
2023;14(3):1199–211.

51.	 Yoshimura Y, Wakabayashi H, Yamada M et al. Interventions for Treating Sar-
copenia: A Systematic Review and Meta-Analysis of Randomized Controlled 
Studies[J]. J Am Med Dir Assoc, 2017, 18(6): 553.e1-553.e16.

52.	 Misic MM, Rosengren KS, Woods JA, et al. Muscle quality, aerobic fitness and 
fat mass predict lower-extremity physical function in community-dwelling 
older adults[J]. Gerontology. 2007;53(5):260–6.

53.	 Negm AM, Lee J, Hamidian R, et al. Management of Sarcopenia: A Network 
Meta-Analysis of Randomized Controlled Trials[J]. J Am Med Dir Assoc. 
2022;23(5):707–14.

54.	 Roman MA, Rossiter HB, Casaburi R. Exercise, ageing and the lung[J]. Eur 
Respir J. 2016;48(5):1471–86.

55.	 Hamasaki A, Akazawa N, Yoshikawa T, et al. Combined effects of lactotripep-
tide and aerobic exercise on cognitive function and cerebral oxygenation in 
middle-aged and older adults[J]. Am J Clin Nutr. 2019;109(2):353–60.

56.	 Chen LJ, Stubbs B, Chien IC, et al. Associations between daily steps and 
cognitive function among inpatients with schizophrenia[J]. BMC Psychiatry. 
2022;22(1):87.

57.	 Hancox RJ, Gray AR, Sears MR, et al. Systemic inflammation and lung function: 
a longitudinal analysis[J]. Respir Med. 2016;111:54–9.

58.	 Livshits G, Kalinkovich A. A cross-talk between sestrins, chronic inflamma-
tion and cellular senescence governs the development of age-associated 
Sarcopenia and obesity[J]. Ageing Res Rev. 2023;86:101852.

59.	 Byun MK, Cho EN, Chang J, et al. Sarcopenia correlates with systemic inflam-
mation in COPD[J]. Int J Chron Obstruct Pulmon Dis. 2017;12:669–75.

60.	 Lin YC, Huang TJ, Yeh MH, et al. Lung function impairment and cardiometa-
bolic risks among rural adults: implication for an aging society[J]. BMC Public 
Health. 2021;21(1):960.

61.	 Liu Y, Cui J, Cao L, et al. Association of depression with incident Sarcopenia 
and modified effect from healthy lifestyle: the first longitudinal evidence 
from the CHARLS[J]. J Affect Disord. 2024;344:373–9.

62.	 Li Z, Tong X, Ma Y, et al. Prevalence of depression in patients with Sarcopenia 
and correlation between the two diseases: systematic review and meta-
analysis[J]. J Cachexia Sarcopenia Muscle. 2022;13(1):128–44.

63.	 Carvalhaes-Neto N, Lorino H, Gallinari C, et al. Cognitive function and assess-
ment of lung function in the elderly[J]. Am J Respir Crit Care Med. 1995;152(5 
Pt 1):1611–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Cognition as mediator of pulmonary function and risk of sarcopenia among older adults
	﻿Abstract
	﻿Introduction
	﻿Method
	﻿Study population
	﻿Measurement of lung function
	﻿Measurement of cognition function
	﻿Outcome: sarcopenia assessment
	﻿Covariates
	﻿Statistical analyses

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


