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Abstract

Objectives: Assessing physical activity and cardiometabolic
risk in masters athletes as an example of very high physical
activity at old age.
Methods: Forty-three men were studied in full factorial
design, either as sprint or jump-trained masters athletes
(MA, n=10, age 60–75 years), as young sprint or jump-trained
athletes (YA, n=10, age 20–35 years), older control partici-
pants (OC, n=11, age 60–75 years) or as young control par-
ticipants (AC, n=12, age 20–35 years). We performed bio-
electrical impedance analysis and assessed serum markers
of lipids and glucose metabolism and C-reactive protein,
structured training hours, and habitual activity via mobile
actimetry.
Results: Body fat was greater in OC than inMA (23.9 [SD 4.2]
% vs. 14.0 [SD 5.7]%, p<0.001), and also greater than in YA and
YC (both p<0.001). Weekly training hours were comparable
between MA and YA (7.9 [SD3.3] hours vs. 11.1 [SD 4.8] hours,
p=0.69). Habitual walking distancewas greater inMA than in
OC (7,387 [SD 4,923]m/day vs. 4,110 [SD 1,772]m/day, p=0.039),
and so was habitual running distance (667 [SD690] m/day vs.

132 [427] m/day, p<0.001). HOMA-index was greater in OC
than in MA (2.07 [SD 1.39] vs. 0.80 [SD 0.41], p=0.0039), and so
was C-reactive protein (1.35 [SD 1.74] mg/l vs. 0.58 [SD 0.27]
mg/ml, p=0.018), whereas serum lipids showed only moder-
ate or no effect (all p between 0.036 and 0.07).
Conclusions: Improved body composition and physical ac-
tivity levels inMAare associatedwith lower cardiometabolic
risk, which seems more pronounced for insulin sensitivity
and inflammaging than for lipid metabolism.
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Introduction

Physical activity is, in combination with diet, the most
important modifiable determinant of health and well-being,
in particular with regards to the risks of cardiovascular
disease [1]. Physical activity at old age reduces all-cause
mortality and cause-specific mortality for cardiovascular
diseases, cancer, respiratory diseases, diabetes and others [2,
3]. Various routes convey these health-promoting effects
across the lifespan. Firstly, cardiovascular function is
improved, which includes enhanced stroke volume, ejection
fraction and cardiac output [4], and reductions in blood
pressure and arterial stiffness [5]. Second, the metabolic
route encompasses improvement of blood lipid profiles [6]
and maintenance of insulin sensitivity [7]. Exercise stimu-
lates release of myokines [8], i.e. signaling molecules from
skeletal muscle, which are related to not only metabolism
and energy shuttling, but alsomorewide-spread effects. This
may explain positive exercise effects on mental health [9]
and cognitive functioning [10]. Finally, exercise has also
been shown to moderate age-related low-grade inflamma-
tion [11], which is also known as ‘inflammaging’ [12], and
which may contribute to the onset of age-related diseases
[13]. For all these reasons, the World Health Organization
recommends aminimumof 150 min ofmoderate or 75 min of
vigorous physical activity per week and regular muscle-
strengthening exercises [14] – a recommendation that is
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under-achieved in large fractions of the population, in
particular in older people [15].

Masters athletes (MA) “are typically older than 35 years
of age and systematically train for, and compete in, orga-
nized forms of sport specifically designed for older adults”
[16], typically organized in 5-year age bands. In that respect,
MA constitute an example of aging that differs from the
general population [17–19]. MA are amateurs, and the lead-
ingmotivation drivers for them are competition, followed by
well-being (i.e. satisfaction with one’s life in a broader sense)
and health (i.e. absence of disease) [20]. Given that the
competitive element is typically much less pronounced in
recreationally physically active people, MA offer a unique
opportunity for studying the interplay of aging, exercise and
health. As much as they are driven by ambition, they will
optimize their training volume, intensity and structure in
order to maximize their athletic performance, and thus
challenging themselves more vigorously than most other
people of their age would.

While MA are often depicted as healthier than non-
exercising older individuals, there is currently insufficient
evidence to support this claim. A retrospective study found a
reduction in mortality rate in former elite athletes as
compared to their siblings and concluded that this could be
explained by genetic differences, adaptation to aerobic
training and healthy life style [21], even though life style had
not been assessed in that study. Therefore, we here report a
secondary data analysis of the masters athletic laboratory
study of intramuscular connective tissue (MALICoT) [22]
with the primary aim of comparing cardiometabolic health
between MA and young (20–35 years) and older (60–75)
control participants.

MA do not only engage in structured training with an
intent to increase fitness, but also in habitual physical
activity outside their structured training units. Since both
must be assumed to improve health, and since very little is
known about physical activity outside structured training
units in MA, we sought to independently assess both types of
activity as a secondary aim. The summary of this study is
presented in Figure 1.

Materials and methods

Study design and conduct

The MALICoT study was set up as a cross-sectional study in
full factorial design with four groups, namely young control
(YC), young athletes (YA), masters athletes (MA) and old
control (OC) participants. The study was conducted from
September 2020 until May 2021 in the envihab laboratory of

the Institute of Aerospace Medicine at the German Aero-
space Center (DLR) in Cologne, Germany. The primary aim of
the MALICOT study was assessment of intramuscular con-
nective tissue (primary endpoint: endomysium thickness).
Following the rationale that intramuscular connective tissue
has a mechanical role in the provision of elastic stiffness, we
chose to focus on the calf musculature of sprinters and
jumpers, since stiffness is of utmost importance for this
athletic group [23]. A sample size estimation for that
endpoint yielded n=12 per group, and thus 48 participants in
total (for details see [22]). Given that there are much fewer
female than male MA (Rittweger et al., in preparation), that
the study encompassed muscle biopsy sampling, and based
on our experience that women are more difficult to recruit
for biopsy studies than men, inclusion of women into the
study seemed impossible we therefore focused on male
participants only. Here we report a secondary, exploratory
data analysis of cardiometabolic risk factors of MALICoT –

the primary outcome of MALICoT has yet to be published.
The study was ethically reviewed and approved by the

Medical Council Northrhine-Westfalia (Landesärztekammer
Nordrhein) with identifier 2018296. It was conducted in
accordance with the Declaration of Helsinki (as revised in
2013), and it was registered at the German clinical trials
register (www.drks.de, registration no. DRKS00015764)
before study commencement.

Participants

Participants were recruited from an existing participant
data base at DLR, through contacts with athletes, via posters
at the German Sports University Cologne and via social
media. Inclusion criterion was age between 20 and 35 years
for the young groups (YA, YC), and age between 60 and 75 for
the old groups. However, one participant was enlisted at age
59, and he was included in the spring 2021 prior to study
closure, i.e. a few weeks before completing 60 years of age.
Participants for the athletic groups (YA, MA) were included
only if they trained for jumping or sprint running and if they
competed at national or international level in these disci-
plines. All athletic participants were amateurs. Participants
for the non-physically active groups were included only if
they did not follow any structured training, and if their
habitual physical activity was ≤25 metabolic equivalents for
task (METs) per week, as assessed by the Freiburg ques-
tionnaire [24]. Exclusion criteria for all groups were smok-
ing, diabetes mellitus (estimated based on available fasted
serum glucose levels), a history of cardiovascular disease or
any other condition that could have impact on the muscu-
loskeletal system. All participants gave their written
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informed consent prior to being included in the study. More
information about the study setting is contained in our
previous publications [25, 26].

Assessments

During the inclusion visit, blood pressure was measured
after a 10-min rest in seated position with a manual sphyg-
momanometer (Boso, Germany). Two measurements were
taken within a 2-min interval and the average was noted. At
the end of the inclusion visit, the actibelt was demonstrated
to the participant. The actibelt (Trium, Germany) is a tri-

axial accelerometer that allows continuous high-fidelity
recordings for a period >2weeks. More specifically, the RCT2
model was used in this study. Whilst the actibelt can capture
running and walking behavior, it is not geared to assess
training elements like stretching, resistance training or
plyometric exercises. Hence, we chose to exclude training
periods, so that the actibelt data collection aimed at under-
standing whether the athletic groups’ physical activity levels
differ from the control groups’ physical activity levels by the
structured training only, or also by habitual physical activity
outside their structured training units. Accordingly, partic-
ipants were instructed to wear the actibelt for 7 successive
days, taking it off only at night, when showering and during

Figure 1: Graphical representation of this study. Key points: (1) Masters athletes (MA) have lower body fat and higher physical activity levels than
non-physically active older men. (2) MA show better insulin sensitivity and lower inflammaging markers compared to older controls. (3) The study
suggests MA have reduced cardiometabolic risk, particularly for insulin sensitivity. Figure created with BioRender.
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structured training. If the testing visit was scheduled within
the subsequent 1–2 weeks, then the actibelt was handed out
during the inclusion visit, otherwise it was sent viamail. The
hours of structured training were assessed via the question
‘how many hours do you train in a typical week?’ [27].

For the testing visit, participants arrived in the morning
of a separate day after an overnight fast. A blood sample was
taken from an antecubital vein. Serum was automatically
assayed for concentrations of HbA1c with an HLC-723 G11
HPLC analyzer (Tosoh) for glucose, triglycerides, cholesterol,
HDL-cholesterol (HDL) and C-reactive protein (CRP) with an
Atellica CH (Siemens), and for Insulin with an Atellica IM
(Siemens). Next, body height and mass were assessed on a
stadiometer, and body composition was assessed via bio-
electrical impedance analysis (BIA) with an InBody 720
(InBody, South Korea).

Data processing

Manually acquired data (blood pressure, body height, body
mass, training hours) were administered with a dedicated
Redcap database. These data, the data exported from the
InBody software and data from the biochemical analysers
were merged and further processed with R (www.r-project.
org) and the RStudio environment. Body mass index (BMI)
was computed as the body’s mass/height2. Blood pressure
amplitude (BPamp) was computed from systolic and dia-
stolic blood pressures (BPsys and BPdia, respectively) as
BPsys-BPdia, and mean arterial pressure (MAP) was
computed as (2 BPdia + BPsys)/3. Appendicular skeletal
muscle mass (ASMM) was computed from the BIA data
following Sergi’s equation [28], and the ASMM-index was
computed analogous to BMI as ASMM/mass2. Actibelt data
were captured at 100 Hz with a range between −6 g to +6 g.
They were processed with the Stepwave algorithm [29]. This
algorithm first performs step detection algorithm that
detects local extremes (= heel strikes) via adaptive thresh-
olds and sliding windowing. Next, gait speed is assessed via a
support vector regression machine. The actibelt software
then computes activity parameters such as average daily
walking speed, wearing time and daily number of walking
steps.Where actibelt recordings were <10 h per day, the data
for that day and participant were excluded from further
analyses. Where CRP readings were below the limit of
biochemical detection (=0.5 mg/L), thesemissing valueswere
set to the limit of detection. Further, the 10-year risk to
develop coronary heart disease (CHD.risk.Framingham) was
computed from age, cholesterol, HDL, BPsys, BPdia and
smoking and diabetes status (both negative in this study),
using a custom-made R-implementation of the scoring tables

ofWilson et al. [30]. As that algorithm only applies to age ≥30,
ages <30 were set to 30 for this computation. Thismay have a
small effect for age comparisons, but will not lead to any bias
with regards to statistical effects of athletic participation.
Finally, we also computed the Reynolds cardiovascular dis-
ease risk score (CVD.risk.Reynolds) [31, 32], which includes
CRP in addition to the variables covered by CHD risk.
Framingham. Homeostatic Model Assessment of insulin
resistance (HOMA-IR) was calculated according to the
formula: fasting insulin (microU/L) x fasting glucose
(nmol/L)/22.5.

Statistical analyses

All statistical analyses were carried out with R. Throughout
the participant recruitment phase, biometric data (age, body
height and body mass) of participants were continuously
assessed, one-way analysis of variance (ANOVA) was used to
statistically safeguard comparability of groups.

For evaluation of the study outcome, group comparisons
were performed by ANOVA (R function ‘lm’), and model
criticism was effectuated by residual plots and quantile-
quantile plots. Data were boxcox-transformed where
required (R function ‘MASS:boxcox’), and Kruskal’s non-
parametric test (R function ‘kruskal.test’) replaced ANOVA
where no satisfactory data transformation could be found.
Post-hoc testing was done with Tukey’s test for ANOVA
(function ‘emmeans’ from R package ‘emmeans’) and with
Dunn’s test (R function ‘FSA:dunnTest’) after Kruskal’s test.
Results are reported as means and their standard deviation
(SD). The level of significance was set to α = 5 %.

Results

During study conduct, the Covid pandemic and entailed so-
cial distancing measures substantially impeded and slowed
recruitment and testing. In addition, lab space reservations
ended in May 2021, so that we terminated the study at that
time with 43 participants.

Anthropometric data

Groups were comparable with regards to body height, body
weight and ASMM, and ASMM-index depicted a trend
(p=0.068, Supplementary Table 1). Per selection criteria, age
was different between young and old groups (p<0.001), but
comparable within age groups. Bodymass indexwas greater
in OC than in YC (p=0.031, Figure 2A), and body fat
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percentage was greater in OC than in all other groups (all
p<0.001, Figure 2B). BIA phase angle, by contrast, was greater
in YA than in all other groups (all p<0.001), and also greater
in YC than in OC (p=0.011).

Structured exercise and habitual physical
activity

As imposed by the inclusion criteria, athletes trained for
more hours per week than control participants (Figure 3A),

and the amount of weekly trainingwas comparable between
MA and YA. Actibelt adherence ranged between 11.6 and
18.1 h per day in individuals and was >14 h per day across
groups, suggesting that representative data have been ob-
tained. MA walked for greater time and distance, and they
performed more walking steps than OC (all p<0.01, Supple-
mentary Table 2). No group differences were found with
regards to walking speed (p=0.84). However, stark group
differences were found with regards to habitual running,
with time, distance and step count all being greater in the
athlete groups than in the control groups (all p<0.03). A

Figure 2: Body mass index (BMI), % body fat (from BIA), and whole body phase angle (assessed at 50 kHz), compared across groups.
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closer inspection revealed that control groups typically ran
only over a few meters per day, whereas the athletes
habitually ran several hundreds of meters (Figure 3C).

Cardiometabolic risk profile

Fasting glucose levels were greater in OC than in the young
groups (both p<0.01, Figure 4), whereas HbA1c concentra-
tions differed between young and old groups (all p<0.05).
Insulin levels were more than twice as high in OC than in YC

andMA (both p<0.05). HOMA-IRwas greater in OC than in all
other groups (all p<0.01). Of note, HOMA-IR was >2 in 6 out of
11 OC participants, i.e. suggestive of insulin resistance, but <2
in all participants of the other groups.

Group differences in markers of lipid metabolism were
limited to triglyceride and total cholesterol levels (both
p<0.05, Supplementary Table 3), which however failed to
reveal significant post-hoc effects. Diastolic blood pressure
and mean arterial pressure were found elevated by
∼10 mmHg in OC as compared to YC andMA (all p<0.05), and
systolic blood pressurewas higher inOC than in YC (p=0.027).

Figure 3: Training hours (assessed by questionnaire), habitual walking and running distance, as well as real-world gait speed, displayed across groups.
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C-reactive protein was below detection threshold only in 3
out of 32 participants (9.4 %) in YC, YA andMA, but in 8 out of
11 (73 %) of OC. Accordingly, CRP levels were higher in OC
than in the other groups (all p<0.05).

The Framingham CHD risk score differed between
young and old groups (all p<0.001). Although comparison
between OC and MA suggested a risk reduction of
(12.6/19.11–1) = −34 % in MA, this effect was not statistically
significant (p=0.26). Finally, the Reynolds CVD risk score
differed between young and old groups (all p<0.001), and it

indicated a risk reduction between OC and MA by −54 %
(p=0.036).

Discussion

This study has been the first to report on training and
habitual physical activity in MA, and it is also the first to
assess their cardiometabolic risk profile. Whilst body fat
percentage best discriminated old control participants,

Figure 4: Markers of glucose metabolism, systolic blood pressure, C-reactive protein and the Framingham and Reynolds risk scores across groups. For
CRP, non-detectable values (NA) were computer-coded to the smallest possible number so that they could be displayed on logarithmic scale.
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phase angle effectively discriminated young athletes from
the other groups. The main difference regarding physical
activity was that the athletes regularly trained and ran as
part of their habitual routine, while the control groups,
including the young participants, generally avoided running
in their daily activities. Despite diabetes being an exclusion
criterion for study participation, pronounced differences
were found between groups with regards to glucose meta-
bolism, whereas the more classical risk factors related to
lipid metabolism and blood pressure showed small to mod-
erate effects only.

Actimetry findings are remarkable in two ways. Firstly,
it is surprising that real world gait speed did not reveal the
effects of age and fitness that are often reported by other
studies [33, 34]. This could be attributed to the relatively
small sample size of the present study. However, it should
also be considered that participants in this study were
screened for good musculoskeletal health before inclusion
into the study. Thismay have introduced a selection bias that
contributed to the lack of age-related gait speed reductions
in our study. Second, wewere also surprised that the finding
that athletes of either age group routinely run also outside
their structured training, whilst non-physically active peo-
ple almost never do. Although unknown to us, we speculate
that the reasons why people habitually run comprise
running after a train or bus, running after a person, or also
running for pleasure. As much as the former assumption
holds true, it would be a novel and surprising revelation that
people who do not undertake structured physical activity do
also tend to refrain from running within their habitual
locomotion.

To date, the molecular contributors to inflammaging
include various types of anti-pro-inflammatory molecules,
particularly cytokines and chemokines [35, 36]. Among these,
IL-6, IL-1β, and TNF-α play significant roles. In fact, these
cytokines notably influence hepatocyte transcription among
other cells, leading to increased release of CRP and other
acute phase proteins, which are crucial in the body’s
response to infection [37]. CRP, in particular, may be recog-
nized as a biomarker of inflammaging [38] and responds
to anti-aging interventions [39]. In fact, our CRP findings
suggest that MA are less prone to inflammaging than
non-exercising older people.

The average serum CRP level in healthy Caucasians is
<1 mg/dL. However, these baseline levels can significantly
increase during infections to promote an adequate immune
response. Our current work demonstrates the highest CRP
levels in non-infected older individuals, while it notably
shows low-normal levels in age-matched MA. This finding
strongly suggests that improved body composition in com-
bination with structured sprint- and jumping training can

reduce CRP and likely also other inflammatory biomarkers.
It also corroborates previous studies on anti-aging strategies
involving caloric restriction [40] and physical exercise [41].
The correlation of CRP with cardiovascular risk is well-
supported [42, 43], highlighting its role as a valuable
biomarker for monitoring not only the aging process and
cardiovascular/atherosclerosis diseases, but also anti-aging
strategies.

In the present study we have chosen to use the Fra-
mingham CHD risk score, due to its high level of recognition.
However, one has to realize that that risk score depends
largely on age (which fully explains the significant results
between young and old groups) and that it relies on blood
pressure and serum lipids – variables that were only
marginally affected inMA. Glucosemetabolism and CRP, as a
proposed marker of inflammaging, by contrast, did reveal
pronounced beneficial effects in MA. The more recent Rey-
nolds CVD score, by contrast, shows a weakly significant
difference betweenMA and OC, suggesting that mitigation of
cardiovascular risk in MA may act via decreased inflam-
maging levels. However, these results should be takenwith a
grain of salt, as risk predictions from the general population
might not be directly transferrable to MA.

In the United States, nearly one-third of people aged 65
and older have diabetes, with prediabetes affecting almost
50 % of this group [44]. Both sedentary behavior as well as
adiposity are risk factors for insulin resistance. Low physical
activity levels are associatedwith an abnormal blood glucose
profile in healthy adults [45]. Obesity and elevated body fat
mass are independent risk factors for type 2 diabetes [46, 47].
As the OC had higher body fat mass besides lower physical
activity levels, our study does not allow to discriminate the
effects of fat mass and physical activity on glucose meta-
bolism. However, only 1 MA, but 4 OC met the prediabetes
criterion indicating impaired glucose tolerance with fasted
serum glucose (≥100 mg/dL), and none of the MA, but 5 OC
met the prediabetes criterion for HbA1c (≥5.7 %). Impor-
tantly, insulin resistance predisposes to macrovascular
complications and is an important risk factor for cardio-
vascular disease [48], which possibly is inadequately
covered by conventional risk scores. Although impaired
glucose metabolism and insulin resistance are prevalent
conditions in elderly individuals, improved body composi-
tion and structured training at high intensities may thus
protect against metabolic diseases [49].

The limitations of this study lie firstly in its cross-
sectional nature, and results may therefore be biased by
secular effects and not reflect individual trajectories. How-
ever, such cross-sectional studies constitute a necessary
first step before running costly and resource-consuming
longitudinal studies. Another important limitation is the lack
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of female participants, even though the risk of cardiovas-
cular events is typically smaller in women than in men.
Other limitations are the relatively small sample size, and
that the data analysis was exploratory. Both limit the
generalizability of the present results. However, that sample
size was sufficiently large to address the primary hypothesis
of the study (related to intramuscular connective tissue, will
be reported elsewhere), and it has also been large enough to
reveal traits in glucose metabolism and inflammaging in
sufficient detail. Another limitation is the lack of a detailed
account of all training activities. However, to give such an
account is inherently difficult and beyond the scope of this
paper. Furthermore, it would be desirable to have an in-
depth analysis of the habitual running data, as it would be
highly interesting to know the reasons why athletes seem to
run habitually outside their structured training. However,
even though this kind of analysis may be fruitful and is
indeed intended in collaboration with the Trium company,
we feel safe to infer differences between athlete vs. non-
physically active groups. A further limitation relates to the
problem of comparability between young athletes and MA.
Whilst virtually all MA competed on international level, with
several participants being international champions, most of
the young athletes recruited to this study competed at
national level only. However, international young athletes
are typically professionals or semi-professionals, whereas
MA are all amateurs. From that perspective, our recruitment
of the athletic groups seems well justifiable. Further, our
study only used standard assays for determination of CRP.
Based on our findings, future studies should consider high-
sensitivity kit, which allows quantitative analyses also with
low-level concentrations. Finally, cardiometabolic risk may
also be influenced by differences in nutrition and dietary
habits, which we have not assessed in these cohorts.

Conclusions

In conclusion, our study demonstrates positive effects in
sprint- and jump trained MA with regards to body compo-
sition, insulin sensitivity and inflammaging. These benefits
were more pronounced for inflammaging and insulin
sensitivity and must be expected to reflect improved car-
diometabolic health, and thus lowering of the risk of car-
diovascular events. In their classical study, Aremet al. report
a 31 % reduction in cardiovascular risk for those who per-
formed the equivalent of 7.5 h of vigorous physical activity
[50]. This is not far off the ∼8 h/week of training (mostly
vigorous) plus ∼2 h/week of walking (moderate activity), and
this is in line with the 34 % risk reduction (Supplementary
Table 2) when comparing the Framingham predictions

between MA and OC. When using Reynolds’ formula yields a
54 % risk reduction, which seems substantially larger.
However, whether or not MA can indeed lower their car-
diovascular risk to that extent has yet to be established. To
that purpose, larger studies should be conducted that look
into the dose-response curve for sprint and jump training,
and also for other athletic specializations. For example, it
would be feasible to replicate the assessment of the present
paper in the wider context of a masters athletics field study,
which could be hosted at their competition meetings.
Another possibility would be to recruit older people before
they start engaging in masters athletics and follow them up
longitudinally.
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