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Abstract

Background: Inflammation is implicated in functional decline and the development of disability 

in aging. This study aimed to investigate the association of inflammation with physical function 

and muscle strength in older adults with obesity and increased cardiometabolic risk.

Design: In baseline assessments from the CROSSROADS randomized controlled trial, serum 

interleukin-6 (IL-6), tumor necrosis factor-α (TNFα) and C-reactive protein (hs-CRP) were 

assayed in 163 older adults (37% males, 24% African American, BMI 34±3, age 70±5yrs) with 

hypertension, dyslipidemia and/or diabetes. Physical function was assessed by six-minute walk 

test (6MWT), chair sit-and-reach (CSR), hand-grip and knee-extension strength; specific-strength 

as muscle strength/mass ratio. Analyses included ANCOVA and multiple linear regression 

adjusted for thigh skeletal muscle (MRI), arm lean mass (DXA) and moderate-to-vigorous 

intensity physical activity (MVPA; accelerometry).

Results: Higher hs-CRP (p<0.01) and IL-6 (p=0.07) were associated with lower 6MWT and 

CSR, respectively. A composite inflammation score combining all 3 inflammatory markers 

showed the strongest inverse association with 6MWT (p<0.01). MVPA moderated associations 

such that amongst participants who engaged in low MVPA, 6MWT distances and CSR scores 

were significantly lower in those with high IL-6 and TNFα (p<0.05), respectively. In participants 
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with high MVPA, higher hs-CRP (p<0.05) and TNFα (p=0.07) were associated with poorer 

upper-extremity specific-strength.

Conclusions: Chronic inflammation was associated with poorer physical function and specific 

strength in older adults with obesity and increased cardiometabolic risk. This association was 

strongest in participants with multiple elevated inflammatory markers. Physical activity levels 

below current recommendations mitigated the deleterious effects of inflammation on lower body 

mobility, underscoring the benefits of exercise for preserving physical function with age.
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Introduction

Aging is accompanied by “immunosenescence”, the deterioration in immune function 

encompassing cytokine dysregulation and enhanced inflammation (1). This chronic, low-

grade inflammation, characterized by abnormal cytokine production, increased acute-phase 

proteins, and activation of inflammatory signaling pathways, plays an important role in the 

pathophysiology of atherosclerosis, diabetes and other chronic diseases of aging (2, 3), 

which are highly prevalent in the older adults and a major underlying cause of disability (4).

Sarcopenia, the age-related loss of skeletal muscle mass and strength, contributes to 

muscular weakness and impaired physical function (5). Adipose tissue is a key producer of 

inflammatory factors (6) and obesity may exacerbate the age-related decline in physical 

function through greater production of catabolic inflammatory cytokines which affect 

protein metabolism and induce skeletal muscle atrophy (7, 8). The concomitant loss of 

muscle and excess adiposity in “sarcopenic obesity”(9) therefore act synergistically to 

increase the propensity for frailty and disability in aging adults (10–12).

Several cross-sectional and epidemiological studies have suggested that inflammation 

predisposes physical function impairments in older persons (13–16). However, none have 

focused exclusively on individuals with obesity and cardiometabolic comorbidities. Previous 

studies also rarely considered objective measures of important covariates such as physical 

activity and skeletal muscle volume. This is despite evidence depicting the catabolic effect 

of inflammation on muscle (7, 16), and the role of lower muscle mass and quality in the 

development of physical frailty and dynapenia (10, 11, 17). Physical activity also suppresses 

muscle catabolism, reduces inflammation, and may delay the onset of immunosenescence 

(18–20).

To address these factors, this study aimed to investigate the associations between 

inflammatory markers interleukin-6 (IL-6), tumor necrosis factor-alpha (TNFα) and high-

sensitivity C-reactive protein (hs-CRP), with objective assessments of physical function and 

muscle strength, taking into consideration the potential moderating effects of physical 

activity and muscle volume, in a biracial cohort of older adults with obesity and prevalent 

cardiovascular (CVD) risk factors.
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Methods

Study Population

This paper reports baseline, cross-sectional data from 163 community-dwelling, older adults 

with independent function who participated in the Calorie restriction in overweight seniors: 

response of older adults to a dieting study (CROSSROADS) between May 2009 and October 

2014 (https://clinicaltrials.gov/, Registration Number Identifier: ). CROSSROADS was a 

prospective 1-year, randomized controlled trial (RCT) that compared the effects of altering 

diet composition, with/without calorie restriction, in older adults at increased CVD risk (21). 

The participants and study methodology were previously described (22). Key eligibility 

criteria were age ≥65 years, BMI 30–40 kg/m2 (obese), weight stable and prescription of at 

least one medication for hypertension, hyperlipidemia or diabetes. Exclusion criteria 

included smoking, previous CVD event, use of corticosteroids, any concurrent treatments 

that would confound changes in body composition and weight, cognitive impairment, or any 

significant medical or physical limitations that precluded participation in assessments. The 

University of Alabama at Birmingham Institutional Review Board approved the study and 

all participants provided written informed consent.

Markers of Inflammation

Fasting blood samples were assessed for the following serum cytokines and acute-phase 

protein. Hs-CRP was measured on a SIRRIS analyzer (Stanbio Laboratory,Boerne,TX) by 

turbidometric methodology (Pointe Scientific,Canton,MI). TNFα and IL-6 were measured 

by electrochemiluminscence (Meso Scale Discovery, Rockville, MD). The minimum 

sensitivity of the assays were 0.05mg/L (hs-CRP), 0.5pg/ml (TNFα) and 0.25pg/ml (IL-6). 

Blind duplicate analyses yielded intra- and inter-assay coefficients of variation of 7.5% and 

6.1% (hsCRP), 5.8% and 1.2% (TNFα), and 6.7% and 6.4% (IL-6), respectively.

Elevated levels of ≥two inflammatory markers likely represent a higher overall chronic 

inflammation status (14, 16). This approach of utilizing multiple cf. a single inflammatory 

marker has been superior in predicting CVD risk (23). Therefore, analyses were conducted 

on a composite inflammation score computed by summing the number of inflammatory 

markers above the median, as a more specific indicator of systemic inflammation. High or 

low overall inflammation status was defined as having ≥two or ≤one inflammatory marker(s) 

above the median, respectively.

Covariates

Arm lean mass was measured with dual- energy X-ray absorptiometry (DXA; Lunar DPX-L, 

General Electric Corp., Madison, WI). Thigh skeletal muscle (tSM) was measured by 

magnetic resonance imaging (MRI; 3–3Tesla Philips Achieva system, Philips, Andover, 

MA) using previously described techniques (22). Physical activity levels were assessed with 

7 consecutive days of triaxial accelerometry (ActiTrainer; Pensacola, FL) using previously 

defined and validated cut-points (24): moderate-to-vigorous intensity physical activity 

(MVPA) was defined as ≥1952activity counts/min. Valid days had ≥600minutes wear-time 

and participants were required to have >four valid days to be included in analyses. Ethnicity 

was determined by self-report.
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Measures of physical function and strength

A comprehensive evaluation of overall physical function and frailty-associated deficits was 

obtained from a test battery that assessed strength, flexibility and gait (Table 1) (25–28).

Statistical Analysis

The association between each inflammation marker and physical function/muscle strength 

measure was graphed with a least squares regression line. Based on the observed 

relationship, one of three statistical approaches was used. When the graph suggested a non-

linear, cubic association (e.g. hs-CRP and 6MWT), the point of inflection on the curve was 

calculated by solving for a derivative of the fitted regression, and used to dichotomize the 

data (high vs. low inflammation status). When the graph suggested a quadratic association, 

the inflammation marker was analyzed by median-stratified groups, given the non-normal 

distribution. Both these approaches used ANCOVA for final analyses. Otherwise, when the 

association was linear, the relationship was investigated with the marker as a continuous 

variable in multiple linear regression analyses. To ascertain the independent association of 

inflammation with physical function/strength, analyses controlled for tSM/arm lean mass, 

physical activity (MVPA), race and sex.

In all ANCOVA analyses, comparisons of regression slopes (test of interaction between 

grouping variable and covariates) were conducted to determine whether the assumption of 

homogeneity of regression slopes was met. Where interaction terms were significant, the 

Johnson-Neyman (J-N) procedure was used to identify the regions of significance along the 

observed range of the covariate where the group difference in outcome measure occurred 

(e.g.MVPA level where groups with high and low inflammation status differed in physical 

function)(29). For these variables (e.g.IL-6 and 6MWT), group means above and below the 

identified critical points on the covariate are presented.

Logarithm-transformed variables were used when residuals indicated significant deviations 

from normality. No significant multicollinearity (assessed through the tolerance statistic and 

variance inflation factor) was detected. Data are presented as (multivariate-adjusted) 

estimated marginal means and 95% confidence intervals, unless otherwise stated. Statistical 

tests were two-tailed with significance set at p<0.05 and performed using SPSS 23.0 (SPSS 

Inc., Chicago, IL).

Results

Participant characteristics

The demographic and clinical characteristics of 163 older adults aged 65–84 years (BMI 29–

41) who comprised the study population are reported in Table 2. Approximately two-thirds 

were women and one-quarter was African American. 98% of the women (but none of the 

men), met the definition for sarcopenia (appendicular skeletal muscle mass adjusted for BMI 

<0.789[men] and <0.512[women]) according to the Foundation for the National Institutes of 

Health (FNIH) criteria (30).
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The majority of participants were on pharmacotherapy for multiple CVD risk factors. 89% 

were on anti-hypertensives, 69% on lipid-lowering medications and 21% on anti-glycemic 

agents. 44% of participants had impaired fasting glucose (fasting plasma glucose 100–

125mg/dL (31)).

The median proinflammatory cytokine levels were IL-6 2.1pg/ml, hs-CRP 2.7mg/l and 

TNFα 4.7pg/ml. 42% of participants had IL-6 levels >2.5pg/ml, a level associated with an 

increased mobility disability risk in older persons (12). 35% of men and 52% of women had 

multiple elevated inflammatory markers and a high composite inflammation score.

Despite their age and comorbidities, participants were generally well-functioning without 

significant physical disabilities. Participants scored an average of 10 points on the SPPB (12 

being the highest possible score) and 99% had hand-grip strengths above the cutoffs for 

muscular weakness (<26kg[men] and <16kg[women]) according to FNIH criteria (30). 

However, measures of mobility (gait speed and 6MWT) were below the normative values for 

healthy older adults (32). Women performed better in the CSR, whereas men had higher 

scores for 6MWT, gait speed, hand-grip and knee-extension strength. Men were more 

physically active, engaging in more than twice the duration of MVPA compared to women.

Association between inflammation and physical function

Associations between inflammation status and physical function are shown in Tables 3 (non-

linear models) and 4 (linear models). The graph of hs-CRP against 6MWT suggested a non-

linear, cubic association. Hs-CRP status was thus stratified by the point of inflection on the 

curve (hs-CRP 1.8 mg/L). In ANCOVA analyses, participants with a high hs-CRP>1.8 mg/L 

achieved a lower 6MWT distance compared to those with a low hs-CRP≤1.8 mg/L (458 vs. 

496m, p=0.006, Table 3).

The graph of IL-6 against CSR suggested a linear relationship. Multiple linear regression 

analysis showed participants with higher IL-6 levels tended to have poorer CSR scores after 

controlling for race, sex, tSM and MVPA (p=0.07, Table 4).

Based on the composite inflammation score, participants with a high overall inflammation 

status (multiple elevated inflammatory markers) had poorer physical function compared to 

those with a low overall inflammation status and levels below the median (Table 3). This 

association was strongest for 6MWT (p<0.01). None of the other associations were 

statistically significant after adjustment for covariates.

Accelerometer-measured physical activity moderated the association between 
inflammation and physical function

The graph of IL-6 against 6MWT distance displayed a non-linear, quadratic curve. 

ANCOVA analysis revealed a significant IL-6 group by physical activity (MVPA) 

interaction (p=0.02, Figure 1), indicating that the association between IL-6 and 6MWT 

distance differed with MVPA level. Application of the J-N procedure showed amongst 

participants who engaged in MVPA≤12min/day, those with a higher inflammatory status 

above the median (IL-6>2.1pg/mL) had poorer physical function. Specifically, those with 

high IL-6 achieved a shorter 6MWT distance (417m) than those with low IL-6 (461m, 
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p=0.003). Conversely, among participants with higher MVPA>12 min/day, physical function 

did not differ with inflammation status (high IL-6 533m, low IL-6 513m; p=0.29).

The graph of TNFα versus CSR scores also suggested a non-linear, cubic association, with 

the point of inflection at 8.9pg/ml. There was a significant TNFα by MVPA interaction for 

CSR scores after adjusting for race, sex and tSM (p=0.03). Application of the J-N procedure 

showed amongst participants who undertook negligible MVPA<0.4min/day, CSR scores 

were significantly lower in participants with higher TNFα>8.9pg/ml, than lower TNFα 
≤8.9pg/ml. In contrast, CSR scores were not significantly different between high versus low 

TNFα groups amongst participants who undertook at least some MVPA (≥0.4min/day). 

However, as only 4 participants had TNFα>8.9pg/ml, these analyses were deemed not 

meaningful and median-categorized data are reported in Table 3.

Similarly, the graphs of hs-CRP and TNFα versus upper extremity specific strength both 

showed non-linear, quadratic associations. There was a significant hs-CRP by MVPA 

interaction that persisted after controlling for race and sex (p=0.03). Application of the J-N 

procedure showed amongst participants who engaged in MVPA≥50min/day, those with 

higher hs-CRP>2.7mg/L had significantly poorer upper extremity specific strength 

compared to those with lower hs-CRP≤2.7mg/L. In contrast, upper extremity specific 

strength did not differ by hs-CRP status in participants who undertook MVPA<50min/day. 

However, as only 3 participants engaged in MVPA≥50 min/day, these analyses were deemed 

not meaningful and median-categorized data are reported in Table 3. Further, the TNFα by 

MVPA interaction for upper extremity specific strength tended towards significance 

(p=0.05) although adjusting for race and sex attenuated the association (p=0.07). No other 

significant interactions were observed.

Discussion

The results of this study show that chronic inflammation, assessed by higher circulating 

IL-6, hs-CRP and TNFα levels, was associated with poorer physical function (6MWT and 

CSR) and upper extremity specific strength, independent of race, sex, physical activity, 

muscle volume and age, in older adults with obesity and increased CVD risk. The 

association was also strongest in individuals with multiple elevated inflammatory markers, 

underscoring its stronger prognostic significance. Importantly, these significant associations 

between all three inflammatory markers and various physical function measures persisted 

after controlling for objective measures of important covariates (physical activity and tSM), 

further supporting the relationship between chronic inflammation and impaired physical 

function in older adults.

Physical activity was an important moderator of the association between inflammation and 

physical function. In sedentary participants, those with a lower IL-6 inflammatory status 

walked an average of 44m further in the 6MWT compared to those with a higher IL-6 

inflammatory status. However, this inverse association between inflammation and physical 

function was not significant in more physically active participants. Similarly, a higher TNFα 
inflammatory status was associated with poorer CSR scores only in sedentary but not active 
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individuals. These results support a beneficial role of exercise in mitigating the deleterious 

effects of inflammation on mobility and flexibility.

Furthermore, the MVPA cutoffs determined for the significant interactions between MVPA 

and various inflammatory markers suggest that even modest increases in MVPA, below 

current guidelines (33, 34) were associated with better physical function, regardless of 

inflammation status. Disability affects quality of life and is frequently a more significant 

concern to older adults than extending lifespan. Therefore, this lower MVPA level which 

may be more achievable for the majority of older adults has important relevance to those 

typically seen in clinical practice for ambulatory medical care who represent a target group 

where preventative intervention could be most beneficial. The findings add to the growing 

evidence that activity levels below current recommendations are associated with significant 

health benefits and risk reductions, and different physical activity guidelines may be justified 

for different health outcomes (35, 36). If intervention trials confirm that replacing sedentary 

behavior with low levels of MVPA can mitigate the deleterious effects of inflammation on 

physical function, the results will be important for informing physical activity guidelines, 

given that few older adults meet the current recommendations of at least 150 minutes of 

moderate-intensity or 75 minutes of vigorous-intensity aerobic activity each week (33, 34).

These findings are also corroborated by the results of an 18-month study of obese, older 

adults with osteoarthritis where participants randomized to a combined aerobic walking and 

strength training program had greater improvements in mobility (6MWT) compared to those 

randomized to a diet-induced weight loss intervention (37). This occurred although 

participants in the diet group had greater reductions in weight and IL-6. Moreover, 

longitudinal cohort studies in older adults have shown a direct association between physical 

inactivity and the subsequent development of reduced physical function (38). The benefits of 

regular physical activity for improving physical function in the older adults therefore extend 

beyond its anti-inflammatory effects to include improved mobility, flexibility, strength 

preservation, and protection against chronic diseases that result in impaired function (39), 

factors considered in the present study. In addition, the Women’s Health study showed that 

elevated CRP accounted for 33% of the increased CVD risk attributed to physical inactivity, 

highlighting the role of inflammation, secondary to physical inactivity in influencing CVD 

(40). Furthermore, while anti-inflammatory agents are a possible strategy for alleviating 

inflammation, these pharmacotherapies are associated with side effects (41). Meta-analyses 

showed Tocilizumab, a monoclonal antibody that targets IL-6 receptors and commonly 

prescribed in chronic inflammatory diseases (e.g. rheumatoid arthritis) produced a 

proatherogenic lipid profile (42). Collectively, these findings highlight the advantages of 

lifestyle interventions such as exercise, which have multiple health benefits besides 

improving immunological and physical function, as an ideal anti-inflammatory treatment 

strategy in older adults.

However, higher MVPA levels did not negate the association between poorer upper 

extremity specific strength and higher hs-CRP and TNFα. While these findings are limited 

by modest sample sizes and marginal statistical significance, they suggest exercise modality 

may affect the association between inflammation and physical function. In concordance with 

previous studies that found significant associations between inflammatory markers and 
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mobility measures, this study found the most consistent association with the 6MWT (13, 

15). The MVPA data in this cohort were measured by accelerometry, raising the likelihood 

that MVPA reflected ambulatory activity (e.g. walking). This may explain the significant 

effect of MVPA on the association between inflammation and the 6MWT or CSR, both 

assessments of lower body mobility and flexibility. In contrast, walking may be less effective 

for building upper extremity specific strength, potentially leaving this measure vulnerable to 

inflammation-induced weakness. Differences in the type, intensity and duration of exercise 

may have varying effects on inflammation (43). Existing RCTs have predominantly studied 

the effects of aerobic exercise. However, resistance exercise reduced the production of 

catabolic cytokines (TNFα), which is associated with accelerated protein degradation in 

rheumatoid arthritis, an inflammatory condition resembling the decline in lean mass and 

disordered cytokine production during aging (7). Further research on the exercise modality 

that is most effective at reducing chronic inflammation and preserving physical function 

involving different muscles in older adults is thus required.

In obesity, adipocyte hypertrophy due to impaired differentiation and macrophage 

infiltration of adipose tissue leads to greater releases of inflammatory cytokines to create a 

pro-inflammatory milieu that promotes insulin resistance and endothelial dysfunction, 

important precursors in the development of metabolic diseases (3). In addition to obesity, 

participants in the present study had multiple cardiometabolic comorbidities. This increased 

CVD risk was reflected by their relatively higher median inflammatory marker levels that 

were equivalent or greater than that reported in other cohorts with pre-existing CVD and 

mobility limitations (14, 44). While there is evidence that actively contracting muscle can 

synthesize and release IL-6, a myokine, after prolonged physical activity, independent of 

adiposity (45), participants in the present study had been asked to refrain from exercise at 

least 24h before their blood draws. Further, IL-6 levels have been shown to reach 22 pg/mL 

following strenuous exercise (46). Therefore, the higher IL-6 concentrations observed in this 

study more likely reflected an elevated, chronic circulating level rather than acute increase 

following a bout of physical activity.

In contrast to previous studies (13, 15), this study enrolled a relatively homogeneous cohort 

with obesity and CVD risk factors. Individuals with potentially confounding conditions 

related to inflammation or an increased likelihood of disability (e.g. smoking, cancer or any 

significant respiratory or CVD), were excluded. The extent of inflammation and frailty in 

such individuals would be conceivably greater than that observed in this study and results 

may not be generalizable to all community-dwelling, obese elderly. Nevertheless, this 

exclusion reduces the likelihood that inflammation was a proxy for disease burden that is 

associated with, but not instrumental, in the development of impaired physical function. 

Moreover, as all participants were obese, the likelihood of differences in adiposity 

confounding associations (lower inflammation in more physically active individuals due to a 

lower fat mass), was minimized. The participants were well-functioning older adults and the 

narrow variation in physical function scores, especially apparent from the SPPB and gait 

speed scores, may have obscured the potential to detect associations between inflammation 

and some physical function measures. Further, while exercise- mediated induction of the 

peroxisome proliferator- activated receptor γ co-activator 1 α (PGC-1α) gene expression in 

skeletal muscle has been proposed as a possible mechanism by which exercise suppresses 
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chronic inflammation (20) and short-term studies have showed a beneficial effect of exercise 

on skeletal muscle gene expression (47, 48), exercise has not been consistently associated 

with reduced systemic inflammation in longer-term intervention studies (21, 49). It is 

possible that the functional benefits of exercise may be partially mediated through local anti-

inflammatory effects within skeletal muscle with no effect on cytokine levels in systemic 

circulation (48). This may also partly explain the lack of associations observed for some 

physical function measures in this study. Future intervention studies should therefore assess 

both muscle protein and systemic inflammation to provide greater mechanistic insight into 

the role of physical activity in modulating inflammation and physical function in older 

adults. The cross-sectional nature of the analyses also precludes confirmation of causality. In 

this regard, longer-term RCTs (≥1 year) showed a combination of exercise and weight loss 

produced the greatest improvements in physical function, which was associated with lower 

inflammation (21, 37, 49). Dose-response reductions in inflammatory markers with weight 

loss have been reported (37). These findings highlight the significant contribution of obesity 

to systemic inflammation and underscore the advantages of weight loss in obese individuals. 

Collectively, the research suggests exercise can potentiate the alleviation of chronic 

inflammation when combined with weight (fat) loss, and this joint strategy may be most 

effective in ameliorating frailty in obese, older adults (50).

Conclusions

Chronic, systemic inflammation reflected by increased inflammatory marker levels was 

associated with poorer physical function and specific strength in well-functioning older 

adults with obesity and increased CVD risk. This association was strongest in participants 

with multiple elevated inflammatory markers. Physical activity mitigated the deleterious 

effects of inflammation on lower body mobility, highlighting its importance in the 

armamentarium of strategies for physical function preservation with age. Future controlled 

intervention trials should investigate the effects of physical activity levels below current 

recommendations on both muscle protein and systemic inflammation, and the association 

with physical function. The results will be important for informing physical activity 

guidelines for older adults.
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Figure 1. 
Significant IL-6 inflammation status by physical activity (moderate-to-vigorous intensity 

physical activity, MVPA) interaction on physical function (6-minute walk test, 6MWT), IL-6 

group x MVPA, p=0.02

White bars, participants with a low IL-6 level below the median (IL-6 ≤ 2.1 pg/ml); black 

bars, participants with a high IL-6 level above the median (IL-6 > 2.1 pg/ml). Values are 

estimated marginal means adjusted for race, sex and thigh skeletal muscle (SEM) by 

ANCOVA. The association between IL-6 and 6MWT distance differed with MVPA level. 

Length of walk achieved in the 6MWT for participants with (A) MVPA ≤ 12 min/ day (Low 

IL-6 group, n= 39; High IL-6 group, n= 51) and (B) MVPA > 12 min/ day (Low IL-6 group, 

n=28; High IL-6 group, n= 15). * p<0.05, significantly different between IL-6 groups.
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Table 2

Participant characteristics by sex
a

Variable Males Females

Participant demographics

Age (years) 70 (5) 70 (5)

Sex [n (%)] 61 (37) 102 (63)

Race [n (%)] *

 African American 6 (10) 33 (32)

 Caucasian American 55 (90) 69 (68)

Medications

Participants on medications [n (%)]

 Hypertension 54 (88.5) 91 (89.2)

 Hyperlipidemia 42 (68.9) 71 (69.6)

 Diabetes 15 (24.6) 19 (18.6)

Body weight and composition

Weight (kg) 105.6 (12.0) 88.3 (11.0) ***

BMI (kg/m2) 33.7 (3.2) 33.6 (3.0)

DXA measures
b

Total fat mass (kg) 40.6 (7.7) 42.0 (7.0)

Total fat mass (%) 38.7 (4.3) 48.2 (3.6)

Total fat free mass (kg) 63.9 (6.7) 44.9 (5.3) ***

Total fat free mass (%) 61.3 (4.3) 51.8 (3.6) ***

Total arm lean mass (kg) 7.6 (1.1) 4.7 (0.8) ***

MRI measures

Thigh skeletal muscle [tSM] (cm3)
c 422.4 (56.8) 287.5 (42.3) ***

Inflammatory markers

TNFα (pg/mL)
d 5.2 (1.8) 5.0 (1.9)

IL-6 (pg/mL)
e 3.0 (3.9) 2.8 (2.2)

hs-CRP (mg/L)
f 2.7 (2.2) 3.7 (2.2) **

Physical function and strength

Hand grip strength (kg)
d 44.5 (7.5) 26.9 (5.2) ***

Isometric knee extension strength (kg)
g 95.2 (34.5) 57.8 (22.4) ***

Chair sit and reach [CSR] (cm)
d, h −7.4 (11.7) −0.8 (8.7) ***

Six- minute walk test [6MWT]: distance (m)
d 505 (73) 433 (76) ***

 SPPB- summary performance score
i 10.2 (1.2) 10.0 (1.5)

 SPPB- Balance score 3.9 (0.5) 3.8 (0.7)

 SPPB- Repeated chair stands score 2.4 (1.0) 2.3 (1.2)

 SPPB- Gait speed score 4.0 (0.2) 3.9 (0.4)
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Variable Males Females

 Gait speed (m/s) 1.10 (0.21) 1.03 (0.18) *

MVPA (min/day)
j 18.3 (14.4) 7.2 (8.2) ***

Note: DXA, Dual energy x-ray absorptiometry; MRI, Magnetic resonance imaging; TNFα, tumor necrosis factor-α; IL-6, interleukin-6; hs-CRP, 
high sensitivity C-reactive protein; SPPB, Short physical performance battery score; MVPA, Moderate to vigorous intensity physical activity; The 
following variables were logarithmically transformed to attain normality before analyses: age, BMI, TNFα, IL-6, hs-CRP, CSR, knee extension 
strength and MVPA. Untransformed values are presented to facilitate interpretation;

a.
Differences between males and females by independent samples t-test (continuous variables) or χ2 tests (categorical variables). Data are 

unadjusted mean (SD), unless otherwise stated;

b.
Total analyzed n=161 (males: 61, females: 100) for total fat, fat free and arm lean mass; no DXA data was available for two females;

c.
Total analyzed n=155 (males: 57, females: 98) for thigh skeletal muscle (tSM); no thigh MRI images were available for four males and four 

females;

d.
Total analyzed n=162 (males: 61, females: 101) for TNFα, hand grip strength, 6MWT and CSR; the data was not available for one female;

e
Total analyzed n=161 (males: 61, females:100) for IL-6; the data was not available for two females;

f.
Total analyzed n=142 (males:59, females:83) for hs-CRP; 19 participants (males: two, females: 17) with CRP >10 mg/L were excluded from 

these analyses and the data was not available for two females;

g.
Total analyzed n=161 (males: 60, females:101) for knee extension strength; the data were not available for one female and one male;

h.
Lower score represents a poorer performance on the chair sit and reach test;

i.
Total analyzed n=154 (males: 58, females: 96) for SPPB; three males and six females that did not complete all three components of the SPPB 

were excluded from analyses;

j.
Total analyzed n=143 (males: 53, females: 90) for accelerometry data; ; the data were not available for three males and eight females; data from 

nine participants (males: five, females: four) that did not meet the validity criteria were excluded from these analyses;

*
p<0.05,

**
p<0.01,

***
p<0.001, significantly different between males and females.
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