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Vascular, physical fitness,
lifestyle, and body composition
characteristics in middle-aged
and older diver fishermen:
association between shear rate
and lower-limb physical fithess

Alex Véliz', Raquel Pereira Berrios?, Anita Dérner Paris?,
David C. Andrade* and Cristian Alvarez®*

'Departamento de Ciencias Sociales, Universidad de Los Lagos, Osorno, Chile, 2Departamento de
Ciencias de La Actividad Fisica, Universidad de Los Lagos, Puerto Montt, Chile, *Departamento de
Salud, Universidad de Los Lagos, Osorno, Chile, “Exercise Applied Physiology Laboratory, Centro de
Investigacion en Fisiologia y Medicina de Altura (FIMEDALT), Departamento Biomédico, Facultad de
Ciencias de la Salud, Universidad de Antofagasta, Antofagasta, Chile, *Exercise and Rehabilitation
Sciences Institute, School of Physical Therapy, Faculty of Rehabilitation Sciences, Universidad Andres
Bello, Santiago, Chile

Objectives: First, to describe the vascular, physical fitness, lifestyle, and body
composition characteristics of middle-aged and older adult diver fishermen.
Second, to associate vascular outcomes with physical fitness (upper and
lower limbs).

Methods: A descriptive pilot study was performed in middle-aged [MA-DF, n
11, body mass index (BMI) 29.9 + 4.9, mean arterial pressure (MAP) 1039 +
6.2 mmHg] and older (OA-DF, n = 11, BMI 28.5 + 2.7, MAP 111.8 + 9.6 mmHg)
adult diver fishermen. In each group, brachial (BA) and common carotid artery
(CCA) diameter (Dga; Dcca), peak systolic (PSVga; PSVca), end-diastolic velocity
(EDVga: EDVcca). shear rate (SRga; SReca). resistance index (Rlga; Rlecp), pulsatility
index (Plga; Plcca). Reynolds number (Regy: Reccy). handgrip strength right
(HGSga). left (HGS,4), and average (HGS,,) and lower-limb fitness (Ruffier test)
were the main outcomes, while other types of information, including vascular
ankle-brachial index, pulse wave velocity, carotid intima average and maximum,
augmentation index, body composition (segmental and total parameters by
dual-X-ray absorptiometry), and lifestyle, were secondary outcomes.

Results: There were no vascular, body composition, or lifestyle differences
between groups. The MA-DF group showed superior upper- (HGSg, 48.1 + 6.2 kg
vs. 39.8 + 6.4 kg; HGS 5 46.7 + 5.9 kg vs. 39.5 + 6.3 kg, both P < 0.05) and lower-
limb fitness (Ruffier test 23.2 + 5.3 repetitions vs. 15.5 + 2.4 repetitions, p =
0.0006) vs. the OA-DF group. Significant associations were found between SRg,
and the Ruffier test (p = 0.003) and between SR, and the Ruffier test (p = 0.042).
Conclusion: Despite similar vascular, lifestyle, and body composition profiles,
middle-aged and older diver fishermen displayed marked differences in upper-
and lower-limb physical fitness. Importantly, lower-limb physical fitness, as
assessed by the Ruffier test, emerged as a robust correlation of vascular shear
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rate (SR) in both the BA and CCA, highlighting its potential relevance to peripheral
and central vascular function.
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1 Introduction

Diving involves a large population, with approximately nine
million divers in the United States (Taylor et al., 2003). Excluding
people who dive for tourism, scientific, or recreational aims, diving
related to the fishing industry (i.e., aquiculture, salmon, and mollusk
harvesting) represents an important occupational activity for young
and older adults on the American coasts of the Pacific and Atlantic
oceans. In Chile alone, for example, approximately 3,500-4,000
people dive commercially (Souto Cavalli etal., 2023; SUSESO, 2020).
Diver fishermen (DF), technically known as “basic shellfish divers”
by the Chilean Navy Force authority, show specific physiological
adaptations and maladaptations in terms of vascular and body
composition health (Armada De Chile, 2014).

Diving work is conducted in a “reduced gravitational
environment” that is slightly similar to the zero gravity of space
(Turner, 2000), and thus divers with more years of experience
could show a reduced bone mineral content (Véliz et al., 2025).
Although DF dedicated to mollusk harvesting are frequently
doing upper limb movements in 20-36 m of depth, and these
actions could not represent a major cardiovascular risk (ie.,
under the correct application of the diving decompression rules)
(Armada De Chile, 2014), this diving specialty offers a low load
on the human skeleton and on lower-limb muscles that could
implies potential bone mineral content (BMC) consequences at
more adult ages in the long term (Hwang et al., 2006). The diving
exposes the body to increased pressure and inert gas saturation,
producing unique physiological effects and potential vascular
disorders (Bove, 2014). The pressure changes can cause ear, sinus,
or lung injuries due to gas volume shifts during ascent/descent, and
the supersaturated inert gases may form nitrogen bubbles, leading to
decompression disease (Bove, 2014). Other vascular consequences
from the hyperbaric environment include endothelial dysfunction,
which alters the nitric oxide production, and vasodilation, arterial
stiffness, and oxidative stress that alters the endothelial cells
(Obad et al,, 2010). Conversely, muscular activity may counteract
these effects. Muscular movement in the human skeleton, through
maintaining a healthy lifestyle, such as adhering to international
physical activity guidelines of different intensities and modalities
(WHO, 2021), could contribute to muscle mass and strength
maintenance of the upper and lower limbs and promote more
osteogenic stimulus (Bevier et al., 1989; Li and Wang, 2025).

A recent governmental study conducted by the Chilean
Superintendence of Social Security (SUSESO) showed a major
prevalence of musculoskeletal disorders, hypertension, working
memory impairment, and osteonecrosis in those DF more exposed
to hyperbaric conditions (SUSESO, 2020). A more recent report
adds that 36% of the DF industry reports a smoking habit and high
prevalence of overweight and obesity (~86.7%), which increases
their cardiovascular risk (SUSESO, 2020). As aging is associated
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with progressive structural and functional deterioration of the
vascular system (i.e., biological aging), some physical fitness factors
(i.e., muscle strength, functional capacity and cardiorespiratory
fitness) and lifestyle patterns (i.e., physical activity patterns and
sedentary behavior) could worsen the vascular health and thus
accelerate the occurrence of CVD when they are poorly addressed
(Seth et al., 2025). Importantly, maintaining upper and lower limb
physical fitness, such as muscular strength, functional capacity,
or cardiorespiratory fitness, may mitigate some of the deleterious
vascular effects of chronological aging (Subramanian et al., 2025).
In this line, and with wide knowledge about the deleterious effects of
environmental and work contexts in which employees spend much
sedentary time, some strategies such as “exercise snacks” have been
proposed to avoid early CVD in office workers (Lazi¢ et al., 2025).
The DF of the Chilean coast begin this activity early in life
and maintain active occupational work into older ages (ie., >
60 years old). However, there is little information regarding the
peripheral and central vascular characteristics, physical fitness,
or body composition, particularly in older adult divers. In this
regard, handgrip strength (HGS) is a widely recognized marker
of upper limb muscle strength, where higher levels show better
cardiovascular health. In comparison, lower HGS levels are typically
associated with a higher prevalence of CVD in Americans aged
20-60 years (Li and Wang, 2025). On the other hand, recent
studies have highlighted the relevance of using simple field-
based or clinical tests due to their potential to estimate physical
fitness parameters [i.e., cardiorespiratory fitness (CRF), muscle
strength fitness, or functional capacity] and thereby help prevent
CVD (Vakulenko et al., 2024; Vakulenko and Vakulenko, 2024;
Gonzalez-Garcia and McCarthy, 2022). For lower-limb physical
fitness, the Ruffier test was previously associated with CRF and
cardiovascular risk (Alahmari et al., 2020), and it is useful for
estimating CRF in divers (Sartor et al., 2016). Similarly, the peak
oxygen consumption (VO2,,), a surrogate for maximal oxygen
uptake and frequently used in clinical testing (Zamodics et al., 2025),
is a strong predictor of CVD and mortality (Weeldreyer et al., 2025).
The Ruffier test has shown significant correlation with femoral
artery blood flow recovery in trained athletes and may be useful
for monitoring physiological recovery after physical efforts using
Doppler ultrasound (Piquet et al., 2000). Previous studies in divers
have also reported that they exhibit greater carotid intima-media
thickness (cIMT), and lower peak systolic and end-diastolic velocity
values [i.e., resulting in different shear rate (SR)] compared with
healthy adult controls (Dormanesh et al., 2016). However, it is also
well documented that increasing age is associated with a greater
increase in arterial stiffness determined by the pulse wave velocity
vascular outcome (PWV). For example, hypertensive populations
are known to show elevated PWV values (i.e, 210 m-s™') that
denote elevated CVD risk in adults. At the same time, lifestyle
interventions such as exercise can also improve these outcomes
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(i.e., decrease PWV) (Alvarez et al., 2024). Thus, if DF of different
ages present differences in physical fitness and traditional vascular
parameters such as cIMT and PWYV, it would similarly be reasonable
to expect changes in blood flow variables such as shear rate (SR)
and the Reynolds number to estimate “laminar” or “retrograde”
blood fluxes (Gomez et al., 2022; Tremblay et al., 2019). Evidence
is scarce regarding physical fitness and blood flow characteristics in
the BA or CCA arteries of adult men exposed to pressure-changing
environments, such as DE. The relationship of peripheral and central
vascular characteristics in DF with the physical fitness of the upper
and lower limbs is less clear, with the aim of detecting their vascular
risk and preventing CVD. Assessing these outcomes among active
DF of different age groups may elucidate modifiable factors that
contribute to healthier vascular or musculoskeletal aging. Therefore,
the main aim of this study was to describe the vascular, physical
fitness, lifestyle, and body composition characteristics of middle-
aged and older adult diver fishermen. The second aim was to
associate vascular outcomes with physical fitness (upper and lower
limbs). We hypothesize that upper- and lower-limb physical fitness
can be associated with peripheral or central vascular parameters of
function (i.e., SRgy or SRgcy) or structure [i.e., diameters of BA
(Dgy) or CCA (Dgcy)] of DE

2 Materials and methods
2.1 Study participants

A descriptive pilot study was conducted from June 2024 to
April 2025 in adult DF affiliated with social fishermen’s and mollusk
harvesting organizations from the coastal cities of Puerto Montt,
Calbuco, Maullin, and Carelmapu in southern Chile. Participants
were recruited through an open call issued directly to the leaders
of each divers’ organization. Prior to enrollment, the study aims,
methodological procedures, and the scope of the assessments and
counseling services were clearly presented to each organization. The
inclusion criteria were as follows: i) age 218 years (legal adulthood
under Chilean law); ii) active occupational diver; iii) membership
in a recognized divers’ social or professional organization; and iv)
availability to attend all study assessments. The exclusion criteria
included 7) any contraindication to undergoing an iDXA assessment
involving X-ray exposure; ii) the presence of electronic medical
devices, such as pacemakers or insulin pumps, that could interfere
with iDXA evaluation; and iii) any condition that prevented the
completion of non-invasive ultrasound assessments.

The research protocol received ethical approval from the
Scientific Ethical Committee of the Universidad Mayor under
approval number N° 0492 of 2024. All individuals who took
part provided written informed consent, which included detailed
information on the evaluation procedures, confidentiality, data
protection measures, anonymity assurances, and a description of
any potential risks. The sample size for this pilot descriptive study
was decided based on prior data from a similar cohort of adult
participants, using the body mass index (BMI) as a reference
outcome. A standard deviation (SD) of <5.0 kg/m* was used to
represent expected interindividual variability in BMI within each
group, consistent with previously reported values in comparable
populations (Perovic et al., 2017). Thus, considering the exploratory
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nature of the study, a total of (n = 22) participants, divided into
two groups (n = 11 per group), were selected to detect preliminary
trends and inform future sample size estimations. A post-hoc power
analysis conducted with G*Power software (version 3.1.9.6, Franz
Faul, Universitat Kiel, Kiel, Germany) revealed that with this SD and
a moderate effect size (Cohen’s d = 0.5), the current sample provides
an estimated statistical power of approximately 80% at a significance
level of a = 0.05 (two-tailed). This sample is considered proper for
pilot-level research and feasibility assessment of the study protocol.
The final sample included groups of middle-aged diver fishermen
(MA-DFE n = 11) and older adult diver fishermen (OA-DE n = 11).
The CONSORT study design can be seen in (Figure 1).

2.2 Pulse wave velocity and co-variables

Arterial stiffness was measured by the pulse wave velocity
(PWYV) outcome. This outcome was measured in the BA using
oscillometric pressure traces from the BA in the upper left arm
in 90° abduction (measured in m-s™') with an automatic digital
device after a 20-minrest in a supine position (Arteriograph,
TensioMed™, Hungary). Data analysis was conducted with the
Arteriograph software v.1.9.9.2. This equipment operates similarly
to a blood pressure assessment using a validated algorithm
(Ring et al.,, 2014), and a PDF report was extracted as a result.
The ankle-brachial index (ABI) and the augmentation index of
the BA (Alxp,) were also extracted and registered. PWV values
exceeding 10 m-s™! indicate elevated arterial stiffness, correlating
with increased CVD risk (Mancia et al., 2013).

2.3 Brachial and common carotid artery
diameter and flow characteristics

First, the BA artery diameter (Dg,) was continuously monitored
using high-resolution ultrasound imaging (GE Medical Systems,
Model LOGIQ-E PRO, Milwaukee, United States), after 20 min of
rest, similar to previous studies (Thijssen et al., 2019). Shear rate
of the BA (SRp,) was calculated using peak systolic velocity BA
(PSVg,) and Dy, diameter using the formula SRy, =4 - PSV, /Dy,
providing insights into endothelial shear stress during rest. The
pulsatility index of BA (PI;,) was calculated as Pz, = PSVp, —
EDVy,/V.
diastolic velocity, and V,, = average velocity, calculated as V, =
PSVy, +2 - EDVy, /3.

The resistivity index of BA (Rlz,) was derived from

where: PSVy, = peak systolic velocity, EDVy, = end-

av>

Doppler waveform analysis, reflecting vascular resistance and
pulsatile flow dynamics (Natale et al., 2014), and calculated as
RIg, = PSVy, — EDVy, /PSVy, . Additionally, the Reynolds number
of BA (Reg,) was estimated to assess the nature of blood flow
(anterograde or retrograde), considering the following formula:
Regy = p - PSVy, - Dy,a/u, where p = blood density (1.06 g/cm?),
PSVy, = peak systolic velocity, Dy, = brachial artery diameter, and
u = blood viscosity 0.035 g/(cm-s). These variables were selected
to comprehensively evaluate Dy, and flow characteristics in the
left BA under resting conditions. The same vascular outcomes were
measured in the central CCA in terms of diameter (D, ) and fluxes
(PSVccas EDVeceas SRecas Rlceas Plecas Recea)-

The carotid intima-media thickness average (cIMT,,) and

maximum (cIMT defined as the maximum thickness within

max:’
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[ Assessed for eligibility (n = 24) ]

h 4

Not included (n = 2):

+ Do not plet its (n=2)

| Screening |

Distributed by Age:

(n=22)

]

A 4

Middle-Age Divers
(MA-DF)

(n=11)

Distribution

[

isis

(n=11)

Anal

MA-DF ’

FIGURE 1
CONSORT study design flow chart.

A 4

Older-Adults Divers
(OA-DF)

(n=11)

OA-DF
(n=11)

the cIMT,, measurement) were obtained from the CCA by
an ultrasound imaging 7-12 MHz linear-array transducer (GE
Medical Systems, Model LOGIQ-E PRO, Milwaukee, United
States). After carotid bulb identification, an image was obtained
in “B mode” in longitudinal orientation of the right CCA
by an automatic ultrasound function that detects both cIMT,,
and cIMT
carotid bifurcation on the far wall. The ultrasound software

max outcomes. The scan was focused 1cm from the
recorded the image, and later, it was analyzed offline. All
measurements were recorded at the end-diastolic stage (Coll and
Feinstein, 2008). Given that the cIMT,, > 0.9 mm has been used
as a previous cut-off point to denote high cardiovascular risk, we
used this value in our cIMT, . outcome, following the European
Society of Hypertension and European Society of Cardiology
recommendations (Mancia et al., 2013).

2.4 Blood pressure

Blood pressure was measured on three attempts with rest
intervals of at least 1 min between measurements, using a digital
cuff instrument positioned on the arm Omron™ (Model HEM-
7142, United States). Blood pressure was categorized according
to the criteria of the European Society of Cardiology into
hypertension [systolic blood pressure (SBP) 2140 or diastolic blood
pressure (DBP) =90 mmHg], normal-high blood pressure (SBP
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130-139 mmHg or DBP 85-89 mmHg), and normotensive (SBP
<129 mmHg or DBP <84 mmHg) (Marx et al., 2023).

2.5 Physical fitness of the upper limb and
lower limb

For HGS, measurements of both hands were used in three
attempts in a seated position, and we used the HGS of the right
(HGSg,: HGS right arm) and left arm (HGS;,: HGS left arm)
as the upper limb physical fitness. Additionally, the average of
HGSg, plus HGS;, [ie., handgrip strength average (HGS,y)]
was used as the upper limb marker in the associative analyses.
These measurements were developed by using a digital handheld

® Patterson

dynamometer (Jamar® , Plus+, Sammons Preston,
Medical, Illinois, United States) following previous studies in Latin
American populations (Santos et al., 2025).

For lower-limb physical fitness, we used the Ruffier-Dickson test
to calculate the Ruffier index (RI) (Joussellin, 2007). The participants
were instructed as follows: 1) the heart rate at rest was in (beats per
minute) and registered as HR1, then the person stood up and 2)
executed a squat exercise at a steady pace with the thighs straight at
90° of knee flexion, raising the arms forward while flexing for 45 s.
Immediately after performing the 45-s squat exercise, 3) the heart
rate was taken again and recorded as HR2, followed by a 1-min rest

in a seated position, and 4) finally, the heart rate was recorded
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again as HR3. The results were then interpreted using the following
formula: Ruffier index = [(HR1 + HR2 + HR3) — 200]/10, where the
squat repetitions and heart rate values could be useful for estimating
the CRF (data not shown).

2.6 Lifestyle patterns

The physical activity (PA) levels of the participants were
determined with the Global Physical Activity Questionnaire (GPAQ
v2) (WHO, 2009). From here, the min/week of vigorous (PAy;),
moderate (PAy;;), and light PA (PA; ;) was determined and registered
by each participant. The sedentary time per week was determined by
self-reporting time spent on activities involving sitting or reclining
during leisure time. To determine the smoking habit, the smoking
surveillance instrument proposed by the Pan-American Health
Organization was used. This instrument identified current smokers
(daily and occasionally) and ex-smokers, allowing the assessment
of the number of cigarettes smoked and the persistence of the
habit, but in this study, we registered the data as non-smoker
or smoker (Guatibonza-Garcia et al., 2025).

2.7 Anthropometry (secondary outcomes)

Weight was measured with the BIA equipment InBody120™ scale
(tetrapolar 8-point tactile electrode system, model BPM040S12F07,
BioSpace, Inc., Seoul, Korea) with 0.1 kg precision following
previous studies (Marfell-Jones et al., 2006). Height was measured
with a SECA™ 213-Topmedic portable stadiometer (Germany). BMI
was calculated using weight and height squared.

2.8 Body composition by dual-X-ray
absorptiometry (secondary outcomes)

The participants visited the Universidad de Los Lagos
Laboratory (Puerto Montt city, Chile) for the iDXA body
composition evaluation from Monday to Friday between 9 a.m.
and 1 p.m. to perform these procedures. Prior to the iDXA
measurement (Healthcare General Electric Company, Encore 18
Software, United States), a preliminary interview was conducted to
rule out the use of electronic devices such as pacemakers and insulin
pumps, among others, that could interfere with the operation of the
equipment or could affect the health of the participant. For the iDXA
measurement, each subject was placed in a supine position on the
equipment, wearing light clothing, without shoes or metal objects.
All iDXA measurements were applied segmentally [i.e., body fat %
arms (BF ), leftarm (BFy ), right arm (BFg, ), legs (BF ), right
leg (BFgy), left leg (BF;; ), and trunk (BFp,,,;); fat-free mass g arms
(FFM p1py), left arm (FEM ), right arm (FFMg, ), legs (FFM| ),
right leg (FFMyy), left leg (FFMy;), and trunk (FFMr,,); and
bone mineral content of arms (BMC,,), left arm (BMC,,),
right arm (BMCg,), legs (BMC,,), right leg (BMCy;), left leg
(BMC;; ), and trunk (BMCr,,,,)]; and in total parameters (i.e., total
body fat % (Total BF), total fat-free mass (Total FFM), and total
bone mineral content (Total BMC)). The evaluation process lasted
approximately 10 min. Parts of the vascular, physical fitness, body
composition, and equipment characteristics of the DF can be seen in
Figure 2.
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Carelmapu Port: Lat 41°44' 30" S, Lon 73°41'54" W

FIGURE 2

Vascular measurement (A), physical fitness Ruffier test (B), lifestyle
patterns [Global Physical Activity Questionnaire (GPAG)] (C), body
composition iDXA measurement (D), equipment characteristics (E),
and georeferenced geographic area of the Carelmapu Port (Southern
Chile), as the city of the diver fishing participants (F).

2.9 Statistical analysis

Data are shown as mean and (+) standard deviation. The
Shapiro-Wilk test was applied to test the normal distribution of
the main and secondary outcomes. For outcomes with normal
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TABLE 1 Anthropometric and body composition characteristics of
participants.

Outcome
Age (y) 48.0 £8.5 66.0£5.9 p =0.0006,
0.70
Height (cm) 169.7 £ 5.3 171.8 £ 5.4 p=0.445,
0.03
Weight (kg) 86.0+£12.6 | 844+10.1 p=0.775,
0.005
Body mass index (kg/m?) 29.9+4.9 285+2.7 p =0.464,
0.03
Blood pressure
Systolic BP (mmHg) 138.2£6.0 150.1 £16.3 p=0.043,
0.19
Diastolic BP (mmHg) 87.0+6.7 926+7.6 p=0.082,
0.14
Mean arterial pressure (mmHg) 103.9+6.2 111.8£9.6 p=0.039,
0.20
Blood pressure categorization
Normal (n =)/% 2(18.1) 0(0) p=0.123%
High blood pressure (1 =)/% 6 (54.5) 4(36.3)
Hypertensive (n =)/% 3(27.2) 7 (63.6)

Data are shown as mean + SD. Groups are described as middle-aged diver fishermen
(MA-DF) and older adult diver fishermen (OA-DF).
d, Cohen’s d effect size. # denotes chi-square test applied.

distribution, the differences between groups were evaluated by
paired or unpaired ¢-test at a P < 0.05 alpha error level. Additionally,
Cohen’s d effect size was described. The chi-square test was applied
at a P < 0.05 alpha level to assess frequencies of blood pressure
categories. The Wilcoxon test was applied to those outcomes with
no normal distribution. Multivariable regression (i.e., adjusted by
age and MAP outcomes) was applied to test the association between
vascular outcomes of the BA: Dy,, SRy,, CCA, Dcy, and SRecys
with upper (HGS,y) and lower-limb physical fitness (Ruffier test
repetitions). The analyses were performed using GraphPad Prism
version 8.0 statistical software (Chicago, Illinois, United States).

3 Results

3.1 General and brachial artery
characteristics

Comparing the MA-DF vs. OA-DF groups, there were
significant differences in characteristics of age (48.0 + 8.5 years
vs. 66.0 = 5.9 years, p = 0.0006), systolic (138.2 + 6.0 mmHg vs.
150.1 + 16.3 mmHg, p = 0.043), and mean arterial pressure (103.9
+ 6.2mmHg vs. 111.8 £ 9.6 mmHg, p = 0.039) (Table 1). No
other differences were detected in the general characteristics of
the sample (Table 1).

In the BA, comparing MA-DF vs. OA-DE the Dy, (p =
0.197) (Figure 3A), PSVy, (p = 0.585) (Figure3B), EDVg,
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(p = 0.997) (Figure 3C), SRy, (p = 0.101) (Figure 3D), Rlp,
(p = 0.730) (Figure 3E), PI;, (p = 0.398) (Figure 3F), and
Regy (p = 0.796) (Figure 3G) showed no significant differences
between groups.

3.2 Common carotid artery characteristics

In the CCA, comparing MA-DF vs. OA-DFE, the D¢y (p =
0.135) (Figure 4A), PSV e, (p = 0.773) (Figure 4B), EDV ey (p =
0.559) (Figure 4C), SRcpn (p = 0.110) (Figure 4D), Rlg, (p =
0.162) (Figure4E), PIocy (p = 0.636) (Figure 4F), and Reccy
(p = 0.951) (Figure 4G) showed no significant differences.

3.3 Arterial stiffness, intima—media
thickness, and covariates characteristics

Comparing MA-DF vs. OA-DE, the PWV (p = 0.596)
(Figure 5A), cIMT,, (p = 0.750) (Figure 5B), cIMT_,, (p =
0.833) (Figure5C), ABI (p = 0.783) (Figure5D), and Alxg,
(p = 0.160) (Figure 5E) showed no significant differences
between groups.

3.4 Physical fitness characteristics

Comparing MA-DF vs. OA-DE there were significant
differences in outcomes HGSp, (48.1 £ 6.2kg vs. 39.8 + 6.4 kg,
p =0.029, d = 0.27) (Figure 6A), HGS, , (46.7 + 5.9kg vs. 39.5
+ 6.3kg, p = 0.042, d = 0.24) (Figure 6B), and in the Ruffier
test repetitions performed in the 45s squat exercise Ruffier test
(23.2 + 5.3 repetitions vs. 15.5 + 2.4 repetitions, p = 0.0006)
(Figure 6C).

3.5 Lifestyle characteristics

Comparing MA-DF vs. OA-DE the vigorous PAy; (p =
0.702) (Figure 7A), moderate PAy; (p = 0.933) (Figure 7B), light
physical activity PA;; (p = 0.319) (Figure 7C), total physical
activity (p = 0.873) (Figure 7D), and sedentary behavior per
week (p = 0.988) (Figure 7E) showed no significant differences
between groups.

3.6 Body fat characteristics

Comparing MA-DF vs. OA-DE, the % body fat in arms
BFms (p = 0.266) (Figure 8A), % body fat of the left arm
BF; 4 (p = 0.294) (Figure 8B), body fat of the right arm BFp,
(p = 0.252) (Figure8C), % body fat legs BF ., (p = 0.153)
(Figure 8D), % body fat right leg BFy; (p = 0.101) (Figure 8E),
% body fat left leg BF;; (p = 0.232) (Figure 8F), % body
fat trunk BF; (p = 0.452) (Figure 8G), and total body fat %
Total BF (p = 0.313) (Figure 8H) showed numerically higher
values in the MA-DF group but were non-significant differences
(p> 0.05).

3.7 Fat-free mass characteristics

There were no significantly different (p > 0.05) when comparing
MA-DF vs. OA-DF groups in terms of fat-free mass in arms FFM
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d effect size at p < 0.05.
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(p = 0.086) (Figure 9A), fat-free mass in right arm FFMy, (p =
0.108) (Figure 9B), fat-free mass in left arm FEM;, (p = 0.097)
(Figure 9C), fat-free mass legs FFM; (p = 0.104) (Figure 9D), fat-
free mass right leg FFMp; (p = 0.078) (Figure 9E), fat-free mass left
leg FFM;; (p = 0.153) (Figure 9F), fat-free mass trunk FFMy (p =
0.182) (Figure 9G), and total fat-free mass Total FFM (p = 0.088)
(Figure 9H).

3.8 Bone mineral content characteristics

Comparing MA-DF vs. OA-DE the bone mineral content in
arms BMC,, (p = 0.556) (Figure 10A), bone mineral content in
right arm BMCg, (p = 0.873) (Figure 10B), bone mineral content
in left arm BMC;, (p = 0.563) (Figure 10C), bone mineral content
legs BMC ., (p = 0.891) (Figure 10D), bone mineral content right
leg BMCy; (p = 0.921) (Figure 10E), bone mineral content left leg

Frontiers in Physiology

BMC;; (p=0.722) (Figure 10F), bone mineral content trunk BMCr
(p =0.970) (Figure 10G), and total bone mineral content Total BMC
(P =0.975) (Figure 10H) showed no significant differences between
groups (p > 0.05).

3.9 Segmental body composition
differences between groups

The segmental differences in body composition comparing MA-
DF vs. OA-DF in outcomes diff. BE,, . (p = 0.967) (Figure 11A),
diff. BF, ., (p = 0.393) (Figure 11B), diff BMCyp (p = 0.988)
(Figure 11C), diff. BMCy g, (p = 0.088) (Figure 11D), FFM 5, (p =
0.395), and FEM] o (p = 0.173) showed no significant differences
between groups (p > 0.05).
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3.10 Association between physical fitness
and blood flow characteristics

For the BA structure, no significant associations were observed
between Dy, and age, MAP, HGS,y, or Ruffier test performance (all
p > 0.05). Regarding BA function, Ruflier test performance showed
a strong and significant positive association with SR, (B = 88.7 57!
per repetition, p = 0.003, 95%CI: 35.8; 141.9), whereas age, MAP,
and HGS,y were not significantly associated with SRy, (all p >
0.05). For the CCA structure, D, was not significantly associated
with age, MAP, HGS,y, or Ruffier test performance (all p > 0.05)
(Table 2). In terms of CCA function, Ruffier test performance
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was significantly and positively associated with SRee, (B =
38.7 57! per repetition, p = 0.042, 95%CI: 1.5; 75.8). No significant
associations were found between SR, and age, MAP, or HGS
(Table 2).

4 Discussion

The primary aim of the present study was to describe
the vascular, physical fitness, lifestyle, and body composition
characteristics of middle-aged and older adult diver fishermen. The
second aim was to associate vascular outcomes with the physical
fitness of the upper and lower limbs. Thus, the present study
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1323.0

Groups

has three main results: i) middle-aged and older adult DF show
similar vascular (functional and structural), lifestyle, and body
composition characteristics; ii) significant differences in upper- and
lower-limb physical fitness favored the middle-aged DF; and iii) a
significant association was found between the vascular parameters
of function SRg,, and SR, with lower-limb physical fitness (i.e.,
by the Ruffier test repetitions) (Table 2). Overall, the present results
suggest that lower-limb physical fitness evaluated using the Ruffier
test is independently associated with peripheral (SRy,) and central
vascular outcomes of function (SRic,), whereas no association
was observed with arterial structural variables of diameters, after
controlling for relevant confounders. These findings suggest that
enhanced lower-limb functional capacity is positively associated
with more favorable flow dynamics and vascular health in peripheral
(i.e., BA) and central (i.e., CCA) arteries in DF (Table 2), which
may help inform and support the development of specific lifestyle
strategies to promote adequate physical fitness in active divers.
About our first result, the observation that the BA (Dg,, PSVg,,
EDVpga, SRpa, Rlgy, Plgs, and Reg,) (Figure 3), carotid (Decy,
PSViear EDVicas SRecas Rlgeas Ploca, and Reqey) (Figure 4),
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and PWV, cIMT,,, cIMT ABI, Alxg, vascular parameters did
not differ significantly between middle-aged and older adult DF

max?>

could suggest a preserved vascular health in this occupational
group, despite almost ~20 years of chronological age difference.
Worryingly, the similarity in PWV in both MA-DF and OA-DF
was higher than 10 m-s™!, which denotes a high CVD risk in
both MA-DF and OA-DF groups (Figure 5A). At the same time,
cIMT,, was apparently exceeded in SDin some participants, as
shown in Figure 5B. Thus, independent of biological aging, both
MA-DF and OA-DF may need additional PA/exercise practice
and to improve their lifestyle conditions (i.e., PA patterns) to
decrease arterial stiffness and CVD risk, as has been shown in
previous studies (Vogel et al., 2013; Alvarez et al., 2024). Vogel
etal. reported that 9 weeks of intermittent endurance exercise
training in healthy adults decreased PWV by -0.6m-s™!. We
previously reported that 6 weeks of exercise training decreased PWV
by —~1.2m-s™" in hypertensive subjects under additional obesity
conditions (Alvarez et al., 2024). Thus, these early vascular risks
in MA-DF and OA-DF could be potentially treated with lifestyle
interventions.
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About our second result, the analysis of physical fitness
outcomes revealed significantly greater HGSy, and HGS;, and
a higher number of repetitions during the Ruffier squat test in
the middle-aged group (Figure 6). These differences likely reflect

Frontiers in Physiology

age-related declines in muscular strength (i.e., upper limb) and

functional capacity (i.e., lower limb), consistent with prior findings

in aging populations. However, it is notable that these older adult

divers stay physically active and keep moderate to high physical
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Fat-free mass of the arms (A), fat-free mass of the right arm (B), fat-free mass of the left arm (C), fat-free mass of the legs (D), fat-free mass of the right
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dedicated to mollusk harvesting. Groups are described as middle-aged diver fishermen (MA-DF) and older adult diver fishermen (OA-DF). (d) Cohen’s d
effect size at p < 0.05.

activity levels, which may mitigate some functional losses. Thus, we
presume that despite no lifestyle differences between MA-DF vs. OA-
DF in lifestyle PAy;, PAyy, PA;y, it is important to promote more
structured and specific PA and exercise regimes, such as resistance
training including external weights, in these populations of active
occupational activity during older adulthood to promote an increase
in skeletal muscle mass and thus avoid some early symptoms of
chronological aging. For example, Cavani et al. (2002) reported

Frontiers in Physiology

13

that after 6 weeks of resistance training plus stretching exercise
(3 sessions/week, older adult participants (~70 years) improved
their performance during the Ruffier test. A systematic review
and meta-analysis of Radaelli et al. (2025) with 151 randomized
<20 weeks) and middle-term

>20 weeks) can significantly

trials summarized that short (i.e.,
resistance training programs (i.e.,
increase muscle size in older adults. Another recent systematic
review from Khaleghi et al. (2025) summarizing different water
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Bone mineral content (BMC) of the arms (A), BMC of the right arm (B), BMC of the left arm (C), BMC of the legs (D), BMC of the right leg (E), BMC of the
left leg (F), BMC of the trunk (G), and total BMC (H) in diver fishermen of the southern Chilean Coast dedicated to mollusk harvesting. Groups are
described as middle-aged diver fishermen (MA-DF) and older adult diver fishermen (OA-DF).

sports reported that short interventions (i.e., including swimming
and diving) of ~14 days show potential for cardiovascular health by
improving body composition and physical fitness.
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Our third key finding of this study was the significant association
between flow parameters of vascular function (SRz, and SRgc,)
with the Ruffier test repetitions (Table 2). These associations suggest

frontiersin.org


https://doi.org/10.3389/fphys.2026.1739696
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

Veliz et al.

d=0.00
T 204  d=0.25
" 1 p=0.393
I - T 1.5
— 2_ — A
e 5 1
= o 7
s w107
o o J
g 17 € 05
3 : - 5 05 ] @
& E «©
1 - o o
= 0.0-
MA-DF OA-DF MA-DF OA-DF
Groups Groups
d=1.50
25 p=0.988 20
5 27 5 ] -
[] ] [ ] N
E 15 T § 1 =
< ] 1 o
] N~ E ©
g 104 & 8 o ~
. _ n n . . -
£ . | E 40- i
] 1 p=0.088
0- 60-  d=0.19
MA-DF OA-DF MA-DF OA-DF
Groups Groups
400 gl 1000
] p=0.395 1 p=0.173#
3 200 S  500-
- 4 1 9 4
= 01 = 0
[T b o w ] [--]
£ 200 g 0§ o 3
F -200- J -500- e
1 1 @
1 1 ]
E E [
-400 - -1000 - e
MA-DF OA-DF MA-DF OA-DF
Groups Groups
FIGURE 11
Differences (diff) between the body fat % of the arms (A), diff. of the
legs (B), diff. of the bone mineral content (BMC) of the arms (C), diff.
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(E), and diff. of the FFM of the legs (F) in diver fishermen of the
southern Chilean Coast dedicated to mollusk harvesting. Groups are
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diver fishermen (OA-DF).

a strong link between dynamic muscular activity of the lower limbs
with peripheral and central arterial hemodynamics, reinforcing
the concept that physical fitness, evaluated from a large muscle
mass in the form of a lower-limb squat exercise, can modulate
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vascular function even in older adult individuals. Jun et al. (2021)
5,401 followed for 2 years
that the lowest skeletal muscle mass index quartile [calculated

reported recently in a sample of n =
by: total appendicular muscle mass (kg)/body weight (kg) x 100]
was significantly associated with the presence of increased risk of
coronary artery calcification in adults ~50 years old. In contrast,
upper limb strength, assessed by HGS,y, was not associated with
vascular parameters in either BA or CCA (Table 2). This may indicate
that the type of muscular activity represented by handgrip strength
could not sufficiently stimulate vascular adaptations, or that its
effects on vascular blood fluxes and hemodynamics are less systemic
than those induced by lower-limb endurance activities that involve
greater skeletal muscle mass.

Secondary outcomes, such as lifestyle (PAy;, PAyg PA[,
sedentary time/wk), body composition (BF e, BFga» BFp 5> BF| 46
BFpy, BFy;, BFpyyp Total BF; FEM ;. FEMpy, FEM, 4, FEM| g0,
FFMy,, FFM,;;, FFMy, . Total FEM; and BMC,,.., BMCpy,
BMC, 5, BMCj g, BMCry, BMCy;, BMCrypy and Total BMC),
were similar between groups. This suggests that observed differences
in vascular health are unlikely to be driven by these variables
and further emphasizes the role of physical fitness in influencing
vascular dynamics. On the other hand, despite our precision
iDXA body composition measurements and no significant statistical
differences between groups, there was a trend that BF% was higher
(Figure 8), but FFM and BMC outcomes were slightly lower in
OA-DF than MA-DF (Figures 9, 10). However, considering the
active diving condition of the OA-DF group, it is also relevant to
promote more specific lifestyle strategies in this group. Examples
include reinforcing adherence to the international physical activity
guidelines or specific strength training for maintenance of the FEM,
muscle mass, and BMC to avoid potential frailty conditions and
also to decrease body fat content to reduce the risk for CVD.
Interestingly, when we compared the MA-DF and OA-DF groups
in terms of the segmental arms or legs analysis, the BMC;
outcome was almost a significant difference (diff.) between the
groups (p = 0.088, Figure 11), meaning that older adult DF are
at more risk for experiencing balanced bone demineralization
between legs with potential consequences to functional capacity
and locomotion. From here, we presume that the nature of our
pilot study in terms of low sample size can be further clarified
in future descriptive or cross-sectional studies with more robust
samples.

Overall, these results highlight the importance of maintaining
lower-limb physical fitness (i.e., particularly functional capacity)
in older-age occupational groups of major longevity like DE
who need more lifestyle interventions to support both vascular
and musculoskeletal health. Recently, the Chilean Superintendence
of Social Security reported that 36% of DF report a smoking
habit, ~4-5% report bone fractures as the most common type
of accident, and 86.7% show overweight/obesity. These findings
increase the need for more robust studies (SUSESO, 2020). The
predictive associations between Ruffier test “squat” performance
and the vascular outcome SR underscore its potential utility
as a practical screening tool in aging DF workers exposed
to unique physical environments in the waters of the Chilean
coast.
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TABLE 2 Association of vascular outcomes related to the brachial and common carotid artery structure and function and upper- and lower-limb physical

fitness in Latin American diver fishermen of the Chilean coast.

Dependent B (estimate)

outcome—predictor

p-value 95%ClI

Brachial artery structure
Intercept 10.4 42 24 p=0.028 1.2;19.6
Dy, (mm) - A Age (y) -0.03 0.03 1.2 p=0230 -0.1; 0.02
Dy, (mm) - A9 MAP (mmHg) -0.01 0.02 0.6 p=0542 -0.06; 0.03
Dy, (mm) - HGS y (kg) -0.01 0.02 0.2 p=0777 -0.09; 0.06
Dg, (mm) - Ruffier test (repetitions) —-0.08 0.06 1.3 p=0211 —-0.2;0.05
Brachial artery function
Intercept -2,342.0 1,655.0 14 p=0.182 ~5,948.0; 1,264.0
SRy, 7V - Adipge (y) 13.9 11.8 1.1 p=0258 -11.7;39.7
SRy, 7Y - A MAP (mmHg) 6.4 8.6 0.7 p=0.468 -12.3;25.3
SRy, &V~ HGS,y (kg) -14.9 14.4 1.0 p=0.320 ~46.3;16.4
SRy, 7V - Ruffier test (repetitions) 88.7 24.3 3.6 p=0.003 35.8;141.9
Common carotid artery structure
Intercept 0.9 0.4 2.0 p=0.067 -0.07; 1.8
Decy (mm) - AdAge (y) -0.0001 0.003 0.04 p=0.963 -0.007; 0.006
Decy (mm) - A9 MAP (mmHg) ~0.0008 0.002 0.3 p=0730 ~0.005; 0.004
Deca (mm) - HGS,y (kg) -0.003 0.003 1.0 p=0329 -0.01; 0.004
D¢, (mm) - Ruffier test (repetitions) 0.0007 0.006 0.1 p=0913 —0.01; 0.01
Common carotid artery function
Intercept -658.3 1,217.0 0.5 p=0.599 -3,338.0; 2021.0
SRy O - AdiAge (y) 33 8.4 03 P =0.699 -15.3;22.0
SRy OV - A9 MAP (mmHg) 3.0 6.0 0.4 p=0627 -10.3;16.3
SReea ©7V - HGSy (kg) -103 10.0 1.0 p=0.326 -32.5;11.8
SReca 7Y - Ruffier test (repetitions) 38.7 16.8 2.2 p=0.042 1.5;75.8

Outcomes are described as brachial artery diameter (Dg, ), mean arterial pressure (MAP), handgrip strength average of right and left arms (HGS,y ), common carotid artery diameter (D¢, ),
shear rate brachial artery (SRg, ), shear rate common carotid artery (SR¢c, ), 95% confidence interval (95%CI), and adjusted variables to the regression model (Adj.). Bold values denote

significant associations in multivariable linear regression analyses at p < 0.05.

4.1 Limitations and strengths

This study has several limitations. First, the sample size was
small, and participants were recruited voluntarily, which may
limit generalizability. Second, heart rate during the Ruffier test
was measured manually, which could introduce variability. Third,
potential environmental factors such as seasonal diving patterns and
water temperature were not considered. Fourth, the seasons with
longer or shorter frequency of diving periods were not quantified.
Fifth, as with any study of an associative nature, these findings
do not imply a cause—effect relationship; therefore, future studies
with greater methodological complexity are needed to corroborate
these preliminary results. Sixth, future applications of the Ruffier
test should consider using a heart rate monitor to record this
parameter more objectively. Despite these limitations, the study
also has notable strengths, including i) it focused on a difficult-to-
reach occupational population; ii) it employed gold-standard iDXA
for body composition analysis; iii) it includes individuals across a

Frontiers in Physiology

wide range of chronological ages, providing a more comprehensive
characterization of the physiological traits of this population, which
typically remains active in this occupational context well into
advanced age; iv) it provided novel insights into the relationship
between physical fitness and vascular parameters in aging divers; v)
all the measurements taken are part of a preventive plan with social
authorities, which will allow future health promotion coordination
to be proposed from the research team.

5 Conclusion

Despite similar vascular, lifestyle, and body composition profiles,
middle-aged and older diver fishermen displayed marked differences
in upper- and lower-limb physical fitness. Importantly, lower-limb
physical fitness, as assessed by the Ruffier test, emerged as a robust
correlate of vascular SR in both the BA and CCA, highlighting its
potential relevance to peripheral and central vascular function.
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