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ABSTRACT

Objectives Recent evidence suggests that occupational
physical activity (OPA) is associated with adverse
cardiovascular health, whereas leisure time physical
activity is protective. This study explored explanatory
physiological mechanisms.

Methods Nineteen males (68% white, age=46.6+7.9
years, body mass index=27.9+5.1kg/m?) with high self-
reported OPA wore activity (ActiGraph and activPAL) and
heart rate (HR) monitors for 7 days and an ambulatory
blood pressure (BP) monitor on one workday and

one non-workday. Mixed effects models compared
cardiovascular variables (24-hour, nocturnal, waking and
non-work time HR and BP) and nocturnal HR variability
(HRV) on workdays versus non-workdays. Additional
models examined associations of daily activity (steps,
light physical activity (LPA) and moderate-to-vigorous
physical activity (MVPA)) with cardiovascular variables.
Workday by daily activity interactions were examined.
Results 24-hour and waking HR and diastolic BP as
well as non-work diastolic BP were significantly higher
on workdays versus non-workdays (p<0.05 for all).
However, no difference in systolic BP or nocturnal HR

or BP was observed between work and non-workdays
(p>0.05 for all). Low-frequency and high-frequency
power indices of nocturnal HRV were lower on workdays
(p<0.05 for both). Daily steps and LPA were positively
associated with 24-hour and waking HR on work and
non-workdays. Significant interactions suggested MVPA
increases HR and lowers nocturnal HRV during workdays,
with the opposite effect on non-workdays.

Conclusions Cardiovascular load was higher on
workdays versus non-workdays with no compensatory
hypotensive response following workdays. Daily MVPA
may differentially affect ambulatory cardiovascular

load and nocturnal HRV on workdays versus non-
workdays, supporting the physical activity health paradox
hypothesis.

INTRODUCTION

Leisure-time physical activity (LTPA) is known to
promote cardiovascular health,! while accumu-
lating data suggest occupational physical activity
(OPA) may have opposing effects.”™ Specifically,
moderate-to-high amounts of self-reported OPA
have been associated with increased risk for cardio-
vascular disease and all-cause mortality in most® >~/
but not all*? studies. The conflicting OPA and LTPA
effects have been coined the physical activity health
paradox.'’

Key messages

What is already known about this subject?
» The proposed physical activity health paradox
suggests that leisure-time physical activity
and occupational physical activity may have

opposing cardiovascular health effects.

» Some mechanistic pathways have been
hypothesised to explain these paradoxical
associations; however, little confirmatory
research has been completed.

What are the new findings?

» A 24-hour cardiovascular load on workdays
with high amounts of occupational physical
activity is significantly higher than on
non-workdays.

» Cardiovascular load may remain elevated
following workdays compared with non-
workdays, suggesting inadequate recovery.

» Preliminary evidence suggests lower
parasympathetic activity following workdays
compared with non-workdays.

» Daily moderate-to-vigorous physical activity
may be differentially associated with 24-hour
cardiovascular load and nocturnal heart rate
variability on workdays versus non-workdays.

How might this impact on policy or clinical

practice in the foreseeable future?

» If the paradox hypothesis is indeed true, as
our results preliminarily support, physical
activity recommendations may need to consider
occupational and leisure-time physical activity
separately due to opposing health implications.

High OPA jobs may have different activity
patterns which could adversely affect cardiovas-
cular health.'® " While acute LTPA increases heart
rate (HR) and blood pressure (BP) during exer-
cise, 24-hour cardiovascular load decreases due to
compensatory hypotensive responses.'” In contrast,
it is hypothesised that low-intensity, long duration
OPA with little recovery would elevate 24-hour HR
and BP increasing cardiovascular disease risk and
all-cause mortality."® '* Furthermore, autonomic
dysfunction, being closely related to poor cardio-
vascular regulation and risk, has been proposed to
result from high OPA.'® '* Though these mecha-
nisms could help explain the paradox, they remain
speculative with limited confirmatory research.
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Thus, the current study aimed to address this knowledge gap
by leveraging a within-subject design, objective physical activity
assessment and field-based cardiovascular monitoring to expand
understanding of the biological plausibility behind the physical
activity health paradox.”™*71%1*15 Consistent with the proposed
mechanisms, we hypothesised that 24-hour cardiovascular load
would be greater and autonomic function would be lower on
workdays versus non-workdays. Further, we hypothesised that
cardiovascular responses to physical activity would be different
between work (OPA) and leisure (LTPA) contexts.

METHODS

This within-subject, observational study compared cardiovas-
cular responses on workdays versus non-workdays among nine-
teen middle-aged men working in the food service, material
moving, healthcare or maintenance industries which are known
to have high amounts of light-intensity OPA.'® Participants were
recruited via flyers and emails distributed to targeted occupa-
tional groups in the Pittsburgh region. Eligible participants
were male, aged 35-59 years, working full-time (=30hours/
week) and self-reporting predominantly light-intensity job
tasks (=75% walking, light movement or standing), had no
known cardiovascular disease, and not currently taking medi-
cations affecting cardiovascular responses (eg, beta-blockers,
ACE inhibitors). Those who reported mobility limitations, had
high resting BP (ie, systolic =150 mm Hg or diastolic =95 mm
Hg), reported working overnight shifts, reported working a
second job, or were not ‘low risk” on the Physical Activity Read-
iness Questionnaire (PAR-Q)"” were excluded. Women were
excluded to limit the influence of previously demonstrated sex
differences in the association between OPA and cardiovascular
health.® ? ' All procedures were registered on ClinicalTrials.
gov (#NCT04075279). Participants provided written informed
consent prior to enrolment.

Participants completed a baseline laboratory assessment
followed by a 7-day free-living assessment protocol. Participants
verbally confirmed abstention from food, caffeine, exercise and
nicotine for =1hour before the visit. After informed consent,
the following measurements were obtained: (1) PAR-Q,"
medical history and demographics; (2) resting HR and BP on the
non-dominant arm using a validated oscillometric device (HEM-
705CPN, Omron, Lake Forest, Illinois, USA); and (3) height and
weight using a digital scale and wall-mounted stadiometer. Then,
each participant meeting criteria completed a submaximal tread-
mill exercise test using a modified Balke protocol up to 80%
of their age-predicted maximal HR to estimate cardiorespira-
tory fitness.'® Fifty-eight participants were initially screened; 22
were screened as ineligible due to age (n=4), insufficient OPA
(n=6), working overnight shifts (n=2), working a second job
(n=3) or being determined to be greater than low risk on the
PAR-Q (n=7). Fourteen participants were screened as eligible
but did not schedule or report for a baseline assessment. As such,
22 eligible participants reported for an assessment visit, during
which three became ineligible (n=2 had high resting BP and n=1
had an abnormal cardiovascular response to exercise), leaving a
total of 19 participants enrolled.

Following baseline measurements, physical activity was
objectively monitored for seven free-living days using validated
methods: thigh-worn inclinometer/accelerometer (activPAL3
micro, PAL Technologies, Glasgow) and waist-worn tri-axial
accelerometer (GT3X-BT, ActiGraph, Pensacola, Florida,
USA)." Each participant completed a paper diary of work,
sleep and monitor wear times which were used to characterise

activity time as work, non-work or sleep. Daily activPAL data
were considered valid with =10hours/day of valid, waking
wear time.”’ Data were exported in 15s epochs and further
integrated into 60 s epochs before analyses to align with Acti-
Graph data. Data were classified as sedentary behaviour (SED),
stepping or standing using manufacturer-provided software.?
ActiGraph data were integrated as 1 min epochs using ActiLife
software (ActiGraph) and considered valid with =10hours/
day of valid wear time during the waking time interval iden-
tified using the activPAL data and participant diary.”' Epochs
spent in moderate and vigorous physical activity were identi-
fied using Freedson cutpoints.”” Using both activPAL and Acti-
Graph data, daily number of steps, time spent in light intensity
physical activity (LPA), moderate-intensity physical activity and
vigorous-intensity activity were calculated. Total moderate-to-
vigorous intensity activity (MVPA) was calculated as moderate
+ (vigorous X 2).% Daily steps, LPA and MVPA were used in
analyses to represent a wide spectrum of activity profile metrics.

HR and HR variability measurement

A chest HR monitor (H10 Bluetooth, Polar) continuously
measured HR and HR variability (HRV) for 7 days. Participants
only removed it during bathing or water activities and recorded
any removal in their diary. The HR monitor was paired via Blue-
tooth with the ActiGraph on initialisation which stored the HR
data continuously at a 1 millisecond beat-to-beat resolution. Two
ActiGraph monitors were worn continuously and the monitors
were timed to switch data collection automatically after 4 days to
ensure battery life. HR data were downloaded as interbeat R-R
intervals using ActiLife software. After removing erroneous HR
measurements (ie, HR=0 beats/min), average 24-hour HR was
calculated for all wear days, workdays and non-workdays where
the beginning of each 24-hour day was defined as the partici-
pant reported wake-up time. Due to the variation in wake time
and monitor non-wear, the duration of all 24-hour calculations
were not necessarily 24 hours in duration (mean=22.7hours,
SD=3.0hours, range=13.4-29.5 hours).

Nocturnal HR was measured every night of the monitoring
period with the chest HR monitor and used to determine HRV
parameters with Kubios HRV software (Kubios HRV Premium
V.3.2, Kubios).?* After dropping all 5 min periods with erroneous
HR values, each S5min period throughout the self-reported
sleep bout for each night was processed separately to estimate
all HRV parameters. Then the mean of each HRV parameter
across all 5 min periods within the night was calculated to stan-
dardise the recording duration, limiting the potential influence
of sleep duration.”> Mean beat-to-beat interval (RR), root mean
square successive difference (RMSSD), SD of normal to normal
intervals (SDNN), low-frequency power (0.04-0.15Hz; LF),
high-frequency power (0.15-0.4 Hz; HF) and LF/HF ratio were
calculated for each night using automated protocols in Kubios.*®
Automatic artefact correction was applied by using a time series
consisting of differences between successive R-R intervals to
separate normal and ectopic beats.”’” The HRV variables of
RMSSD, LF, and HF had non-normal distributions and were
log-transformed for analyses. Lastly, mean nocturnal HRV values
were calculated across all nights, nights following workdays and
nights following non-workdays.

Ambulatory BP measurement

Each participant wore an ambulatory BP monitor (ABPM; Oscar
2, SunTech Medical, Morrisville, North Carolina, USA) on
their non-dominant arm for 24 hours on one workday and one
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non-workday during the monitoring period. ABPM wear days
did not start until at least 24 hours following the assessment visit
to limit influence from the fitness test. Following the assessment
visit, participants were given the ABPM, instructed on proper
wear, and given standardised instructions on how and when
to wear the monitor.”® BP was measured every 30min during
the day and every 60 min during the participant’s self-reported
typical sleep times.”® ABPM data were downloaded using
Accuwin Pro software (Suntech Medical) and notable errors (eg,
artefacts or erratic oscillometric signals) were removed.?® All BP
measurements were weighted by the amount of time they repre-
sent during the day due to variability in the duration between
measurements. Daily averages were computed as 24-hour,
waking, nocturnal, work and non-work time based on the partic-
ipant diary.

Analytical approach

Descriptive statistics summarised demographic factors and
fitness. Mixed effects models with a random effect by participant
(accounting for within-subject correlations across daily repeated
measures) and an unstructured covariance structure compared all
daily cardiovascular outcomes (eg, 24-hour, nocturnal, waking,
and non-work time HR, BP and nocturnal HRV) on workdays
versus non-workdays. The magnitude of effect across day type
(work vs non-workday) was calculated as f%; values of £ =0.02,
> >0.15 and f* =0.35 can be interpreted as small:, medium, and
large, respectively.” Similarly, mixed effects models examined
the association between continuous daily activity levels with all
cardiovascular outcomes. Interaction terms (type of day (work
or non-work) by continuous daily activity level) were included in
these models to examine the potential differences in associations
across work and non-workdays. A significant interaction term,
where the association between higher activity level and worse
cardiovascular load and autonomic function is stronger during
workdays versus non-workdays, would be supportive of the
proposed mechanism for the physical activity health paradox.
Effect sizes (f*) were also calculated for the interaction terms.
Steps, LPA and MVPA time were scaled in all models to reflect
clinically relevant differences in the associated activities (1000
steps/day, 120 min of LPA and 10 min of MVPA).

All models were adjusted for age, body mass index, smoking
status, fitness and the resting value of the outcome of interest
(HR, systolic BP or diastolic BP). MVPA and LPA were included
in the same model to mutually adjust for each other. All analyses
were performed in Stata V.16 (StataCorp) with alpha=0.05.

Using that effect size=0.4 for systolic BR** with power=0.80,
an alpha=0.05, and a modest within-subject correlation=0.50,
it was determined that 18 participants were needed to detect a
difference in systolic BP between days. To account for potential
incomplete data, we recruited 19 participants.

RESULTS

Table 1 provides baseline sample characteristics (n=19). Table 2
compares 24-hour, waking, nocturnal and non-work cardiovas-
cular load and nocturnal HRV on workdays and non-workdays.
Twenty-four hours and waking HR were significantly higher on
workdays versus non-workdays with medium effect sizes. Systolic
BP did not differ during any time interval between workdays and
non-workdays. However, 24-hour, waking and non-work time
diastolic BP was significantly higher on workdays versus non-
workdays with medium to large effect sizes. Nocturnal diastolic
BP was not different across day types. The average nocturnal
RR interval, RMSSD, and SDNN were non-significantly lower

Table 1 Participant characteristics (n=19)
Age (years) 46.6 (7.9)
Race/ethnicity

White 13 (68.4%)

Black 4(21.1%)

Multiracial or other 2 (10.5%)
Education

High school or less 8 (42.1%)

Some college/associates 4(21.1%)

College graduate or higher 7 (36.8%)
Occupational industry

Food service 8 (42.1%)

Material moving 9 (47.3%)

Healthcare 1 (5.3%)

Building/ground maintenance 1 (5.3%)
No of work hours/week 433 (7.1)
Self-reported work time activity

% Sitting 12.0 (12.7)

% Standing or light physical duties* 56.7 (29.1)

% Moderate/vigorous physical duties 31.3(27.8)
Smoking status

Daily 8(42.1%)

Less than daily 1 (5.3%)

Not at all 10 (52.6%)
Alcoholic beverages (number/week) 2.0 (0-5)
Body mass index 27.9(5.1)
Resting systolic BP (mm Hg) 122.0 (10.6)
Resting diastolic BP (mm Hg) 76.4 (8.8)
Resting HR (beats/min) 68.0 (12.6)
Estimated VO,max (mL'kg™"-min™") 42.8(35.0-48.2)

All values presented as mean (SD), frequency (percentage) or median (25th-75th
percentile), as appropriate.

*Measured as standing and light activities separately and added together.

BP, blood pressure; HR, heart rate; VO2max, maximal rate of oxygen consumption.

following workdays versus non-workdays with small effect sizes.
Nocturnal LF and HF were significantly lower following work-
days versus non-workdays with small effect sizes, though the LF/
HF ratio was similar.

Table 3 presents the associations of steps with cardiovas-
cular load. On average, participants had more steps on work-
days than non-workdays (12772 vs 7923 steps, p<0.001).
On workdays, greater steps/day were associated with higher
24-hour HR, waking HR and nocturnal HR. Greater steps/
day were similarly associated with higher 24-hour HR and
waking HR on non-workdays, though not nocturnal HR.
Steps/day were not associated with systolic or diastolic BP
during any time interval on either day type (p>0.05 for
all). No significant interactions in the association between
steps per day and cardiovascular load across work versus
non-workdays were observed, indicating a similar effect of
total volume of activity across work and non-work domains
(p>0.05 and small effect sizes for all).

Table 4 presents the associations of LPA and MVPA minutes/
day with cardiovascular load across work and non-workdays.
On average, participants had more LPA and MVPA minutes
on workdays than non-workdays (391.5 vs 285.2min and
72.4 vs 41.5 min respectively, p<0.001 for both). Like daily
steps, greater LPA was associated with higher 24-hour HR
and waking HR on workdays and non-workdays. Addition-
ally, greater LPA was positively associated with 24-hour and
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Table 2 Comparison of cardiovascular load and nocturnal HRV on work and non-workdays (n=19)

Workdays Non-workdays B (SE) P value Effect size (f)*
Heart rate (beats/min)
24-hour 83.8(1.2) 78.5(1.4) 5.4(1.3) <0.001 0.16
Waking 89.4 (1.3) 83.0(1.5) 6.4(1.3) <0.001 0.21
Nocturnal 69.2 (1.0) 66.3 (1.4) 2.9(1.5) 0.056 0.05
Non-work time 84.8(1.2) 82.9(1.5) 1.9(1.3) 0.162 0.02
Systolic BP (mm Hg)
24-hour 126.0 (1.7) 124.0 (1.8) 2.0 (2.0) 0.317 0.06
Waking 131.7(1.6) 129.0 (1.8) 2.7(1.9) 0.157 0.10
Nocturnal 113.7 (2.5) 113.5 (3.0) 0.2 (3.5) 0.952 0.00
Non-work time 132.5(1.9) 128.6 (2.1) 3.8(2.5) 0.120 0.15
Diastolic BP (mm Hg)
24-hour 75.2 (1.0) 72.6(1.1) 2.7(1.1) 0.019 0.30
Waking 80.9(1.2) 77.0 (1.3) 3.9(1.4) 0.006 0.41
Nocturnal 63.2 (1.4) 63.1(1.6) 0.1(1.7) 0.940 0.00
Non-work time 80.0 (1.2) 76.7 (1.3) 3.3(1.5) 0.023 0.31
Nocturnal HRV
Average RR (ms) 909.75 (19.27) 936.29 (21.73) —-26.54 (14.87) 0.074 0.05
RMSSD (log) 3.40 (0.15) 3.26 (0.14) -0.13 (0.07) 0.077 0.04
SDNN (ms) 39.85 (3.48) 42.14 (3.71) —2.29 (1.90) 0.230 0.03
LF (log) 6.18 (0.20) 6.45 (0.21) -0.27 (0.12) 0.025 0.01
HF (log) 5.22 (0.30) 5.56 (0.31) —-0.33(0.14) 0.014 0.05
LF/HF ratio 4.75 (0.73) 4.41(0.76) 0.35(0.33) 0.301 0.06

Outcome data are presented as least squared means (SE).

All models were adjusted for age, BMI, smoking status, fitness, and the resting value of the outcome of interest (except for HRV).

*The magnitude of effect () is calculated for the effect of day type (work vs non-workday) and can be interpreted as small: f* =0.02, medium: * =0.15, and large:  >0.35.
BMI, body mass index; BP, blood pressure; HF, high-frequency power; HRV, heart rate variability; LF, low-frequency power; LF/HF Ratio, low-frequency to high-frequency ratio;
RMSSD, root mean square successive difference; SDNN, SD of the normal to normal; 3 (SE), beta coefficient (SE).

waking diastolic BP on workdays but not on non-workdays,
however the interaction term was non-significant with a small
effect size. On workdays, greater MVPA was significantly
associated with higher 24-hour, waking, and nocturnal HR;
however, no associations were observed on non-workdays.
As such, the workday by HR interaction terms for 24-hour,

waking and nocturnal HR were all significant (p<0.05) with
small effect sizes. Waking diastolic BP was positively associ-
ated with MVPA on non-workdays; however, no other signif-
icant associations or interactions were found between MVPA
and systolic or diastolic BP across days with all interactions
having small to medium effect sizes.

Table 3 Associations of daily steps and cardiovascular load (n=19)

Workdays Non-workdays P value
Step count/day* 12772 (945) 7923 (1063) <0.001
Interaction  Effect Size
B (SE) P valuet B (SE) P valuet P value (A%

Heart rate (beats/min)

24-hour 0.714 (0.143) <0.001 0.688 (0.248) 0.006 0.922 0.00

Waking 0.803 (0.144) <0.001 0.681 (0.249) 0.006 0.652 0.00

Nocturnal 0.390 (0.169) 0.021 0.224 (0.314) 0.476 0.632 0.00
Systolic BP (mm Hg)

24-hour —0.026 (0.270) 0.925 —0.010 (0.436) 0.982 0.976 0.00

Waking 0.108 (0.263) 0.683 0.107 (0.423) 0.800 0.999 0.00

Nocturnal —0.317 (0.436) 0.467 —0.252 (0.736) 0.732 0.940 0.00
Diastolic BP (mm Hg)

24-hour 0.127 (0.158) 0.422 0.120 (0.249) 0.631 0.981 0.00

Waking 0.308 (0.175) 0.078 0.388 (0.274) 0.157 0.804 0.00

Nocturnal —0.155 (0.224) 0.489 —0.152 (0.362) 0.676 0.994 0.00

All coefficients represent a unit change in outcome per 1000 step change.

All models were adjusted for age, BMI, smoking status, fitness, and the resting value of the outcome of interest (except for HRV).

*Presented as least squared means (SE).
P values indicate the probability of the associated beta-coefficient being equal to 0.

$The magnitude of effect () is calculated for the interaction term and can be interpreted as small: 2 =0.02, medium: * >0.15, and large: f* >0.35.
BMI, body mass index; BP, blood pressure; HRV, heart rate variability; 3 (SE), beta coefficient (SE).
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Table 4 Associations of daily light and moderate-to-vigorous physical activity (LPA/MVPA) minutes with cardiovascular load (n=19)

LPA
Workdays Non-workdays P value
LPA min/day* 391.5(19.9) 285.2 (23.3) <0.001
Interaction Effect size
B (SE) P valuet B (SE) P valuet P value ()t
Heart rate (beats/min)
24-hour 0.394 (0.115) 0.001 0.488 (0.171) 0.004 0.640 0.00
Waking 0.391 (0.116) 0.001 0.376 (0.172) 0.028 0.943 0.00
Nocturnal 0.057 (0.145) 0.692 0.331(0.223) 0.138 0.303 0.01
Systolic BP (mm Hg)
24-hour 0.527 (0.287) 0.067 0.068 (0.368) 0.853 0.316 0.02
Waking 0.543 (0.273) 0.046 0.329 (0.350) 0.346 0.621 0.00
Nocturnal 0.116 (0.516) 0.822 —-0.279 (0.678) 0.680 0.641 0.00
Diastolic BP (mm Hg)
24-hour 0.488 (0.157) 0.002 0.063 (0.200) 0.752 0.081 0.09
Waking 0.519 (0.171) 0.002 0.384 (0.217) 0.076 0.610 0.00
Nocturnal 0.177 (0.267) 0.509 —0.238 (0.346) 0.492 0.325 0.00
MVPA
Workdays Non-workdays P value
MVPA min/day* 72.4(7.2) 41.5(8.9) <0.001
Interaction Effect size
B (SE) P valuet B (SE) P valuet P value ()t
Heart rate (beats/min)
24-hour 0.716 (0.140) <0.001 0.068 (0.264) 0.796 0.025 0.04
Waking 0.837 (0.141) <0.001 0.132 (0.265) 0.620 0.016 0.05
Nocturnal 0.480 (0.175) 0.006 —0.289 (0.346) 0.404 0.044 0.03
Systolic BP (mm Hg)
24-hour —0.172 (0.344) 0.618 0.084 (0.537) 0.875 0.686 0.04
Waking -0.135 (0.328) 0.682 0.057 (0.505) 0.910 0.748 0.02
Nocturnal 0.095 (0.602) 0.874 —0.150 (1.050) 0.886 0.841 0.02
Diastolic BP (mm Hg)
24-hour —0.030 (0.185) 0.872 0.341 (0.283) 0.228 0.273 0.1
Waking 0.083 (0.202) 0.681 0.645 (0.308) 0.036 0.126 0.17
Nocturnal 0.038 (0.304) 0.902 —0.001 (0.507) 0.999 0.950 0.01

All coefficients for LPA represent a unit change in outcome per 120 min change in activity.
All coefficients for MVPA represent a unit change in outcome per 10 min change in activity.

All models were adjusted for age, BMI, smoking status, fitness, the resting value of the outcome of interest and the opposing activity variable (LPA or MVPA).

*Presented as least squared means (SE).
P values indicate the probability of the associated beta-coefficient being equal to 0.

$The magnitude of effect () is calculated for the interaction term and can be interpreted as small: £ >0.02, medium: £ >0.15 and large: £ >0.35.

BMI, body mass index; BP, blood pressure; 3 (SE), beta coefficient (SE).

Figure 1 presents the associations and interactions of contin-
uous daily physical activity and nocturnal HRV (RMSSD and
SDNN only) by work and non-workday. Online supplemental
table 1 provides results for all HRV parameters. On workdays,
greater steps were associated with significantly lower nocturnal
SDNN, LF and HF HRY, but no associations were found on non-
workdays. No significant interactions in the association between
steps and HRV were observed between work and non-workdays.
No HRV parameters were associated with daily LPA on work or
non-workdays and there were no significant interactions. Higher
MVPA was negatively associated with RMSSD, SDNN and LF
HRYV on workdays, whereas non-significant positive associations
were found between MVPA and the same HRV parameters on
non-workdays. A significant interaction was observed for SDNN
across work and non-workdays where the effect of higher MVPA
on SDNN was significantly more adverse during the night
following a workday.

DISCUSSION

This study sought to understand the relationship between OPA
and acute cardiovascular load to inform a potential physical
activity health paradox. Several findings provide mechanistic
data in agreement with the physical activity health paradox
hypothesis. Measures of cardiovascular load, including 24-hour
and waking HR and BP as well as non-work diastolic BP, were
significantly higher on workdays versus non-workdays which
could be largely attributed to the higher levels of physical activity
on workdays. Additionally, no difference in systolic BP or
nocturnal BP or HR was observed. Nocturnal HRV was largely
similar across work and non-workdays, although LF and HF
were lower (ie, worse) following workdays. Further exploring
potential physical activity health paradox mechanisms, we eval-
uated whether the type of day (work vs non-workday) modified
the association between activity and cardiovascular parameters.
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Figure 1
moderate-to-vigorous physical activity.

Greater daily steps and LPA minutes were similarly associated
with higher 24-hour and waking time HR on both day types
(non-significant interactions). In contrast, greater MVPA was
associated with higher HR on workdays and significant MVPA
by workday interactions were observed for all HR variables and
SDNN HRYV. This finding suggests a more unfavourable cardio-
vascular health effect of MVPA in the context of work versus
non-workdays.

Previous research suggests that high amounts of OPA may
increase 24-hour cardiovascular load (eg, HR and BP) resulting
in chronic cardiovascular strain and, ultimately, cardiovascular
damage.” ® ' This study provides initial evidence, using acute
OPA exposure, in support of this mechanistic pathway. It is well
established that BP and HR increase during acute exercise, but
then subsequently decrease acutely for up to 15 hours after-
ward.’! Contrary to these expected compensatory responses to

Associations of daily physical activity and nocturnal RMSSD and SDNN following work and non-workdays. LPA, light physical activity; MVPA,

aerobic physical activity, a significantly higher diastolic BP was
observed during non-work time on workdays compared with
non-workdays. Similarly, 24-hour and waking HR and diastolic
BP were higher on workdays versus non-workdays. Together,
these findings suggest that, if any compensatory effects were
observed, they were not sufficient to reduce 24-hour cardio-
vascular load. Our data indicate that a full workday of OPA is
associated with higher 24-hour HR and diastolic BP compared
with non-workdays. This suggests that long duration OPA expo-
sure, with less subsequent rest, does appear to be associated with
increased 24-hour cardiovascular load. This contrasts with the
non-workday effects (ie, with LTPA), though we note LTPA did
not occur at the high levels of OPA observed in our sample. It
remains unclear whether the high volume of activity, the occupa-
tional context, or both are responsible for the adverse cardiovas-
cular responses observed.
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A previous study of 182 male workers found that greater
amounts of self-reported occupational lifting and carrying
was associated with significantly higher 24-hour systolic BR*>
possibly due to sustained isometric contractions.”® These find-
ings agree with ours in that they generally support the physical
activity health paradox mechanism, whereby OPA increases
24-hour cardiovascular load. However, because our study used
objective measurement of ambulatory activity, we could not
identify lifting and carrying specifically, nor explore this line of
inquiry. Future studies should examine effects of more compre-
hensive OPA exposures (walking, lifting, carrying, etc) on ambu-
latory cardiovascular responses.

The only HRV parameters that differed across work and non-
workdays were LF and HF, which were lower on workdays.
However, the association between MVPA and HRV differed
on work versus non-workdays, whereby there were significant
inverse (adverse) associations on workdays and nonsignificant
but direct (beneficial) effects on non-workdays. This interac-
tion was statistically significant for SDNN, providing intriguing
support for the paradox. Two previous studies have evaluated
associations of nocturnal HRV with OPA in blue-collar workers
concluding that high OPA volume'* and intensity®* was associ-
ated with impaired HRV (LF, RMSSD, SDNN and HF). Agreeing
somewhat with those results, we found lower nocturnal HF
HRYV following workdays compared with non-workdays and a
negative association of workday MVPA with nocturnal SDNN,
possibly indicating that high OPA results in an adverse cardiac-
autonomic response of decreased nocturnal parasympathetic
activity.

The observed inverse association between occupational
MVPA and HRV responses on nights after working may be
due to heightened psychological work stress persisting through
the night. Previous literature suggests that psychological work
stress may decrease vagal tone thus decreasing resting HRV due
to increased catecholamine release.®” Also, high psychological
stress has been shown to impair sleep quality, which could be
reflected in compromised HRV.*® It is possible that high OPA
causes or simply coincides with higher levels of work stress; thus,
an effect where high OPA and associated work stress results in
lower nocturnal HRV is plausible.

One study measured the effect of acute exercise of various
durations on nocturnal HRV and HR, concluding that nocturnal
HRV was lower following the longest duration exercise poten-
tially due to delayed recovery of cardiac autonomic modula-
tion during the nocturnal period.’” These results align with
the current findings indicating reduced HF and LF as well as
elevated HR on workdays (greater OPA) compared with non-
workdays. However, the effect differences across activity modal-
ities and intensities must be explored further.

In contrast to the above-discussed MVPA interaction results,
no significant interactions were observed for steps/day or LPA for
any cardiovascular parameters tested. This result does not align
with one hypothesised mechanism,'® where long duration light-
intensity OPA increase cardiovascular load without improving
fitness. Our findings more strongly support a mechanism where
high volumes of occupational MVPA result in cardiovascular
strain for which workday recovery is insufficient to compensate.

While the current study only measured acute cardiovascular
responses over 1week and did not consider duration of expo-
sure to OPA, it captured habitual OPA that would likely be
similar over longer periods. The current study results indicate
that workday OPA exposure may elevate 24-hour HR and BP.
This elevation, sustained over time, may lead to vascular damage
and potentially increased mortality risk."> However, previous

literature has recognised a 2mm Hg change in ambulatory BP**
and 5 bpm difference in ambulatory HR*® as clinically meaningful
for cardiovascular risk. While statistically significant, the differ-
ences in diastolic BP (2.7 mm Hg) and HR (5.4 bpm) observed
across work and non-workdays were only slightly above those
thresholds and should be further confirmed to imply clinical
relevance. Considering these implications, future research inves-
tigating effects of chronic OPA exposure on vascular and heart
structure and function, and subsequent effects on cardiovascular
morbidity and mortality, is warranted.

Strengths and limitations

Several strengths and limitations should be discussed. The
within-subject design uniquely accounted for previously uncon-
trolled confounding that has been a major limitation of previous
literature."' * However, only acute responses among individuals
with high OPA jobs could then be examined. Another strength
was the objective physical activity and SED measurement, using
gold-standard devices and a diary, to determine the activity
domain (work, non-work, sleep)."” While objective activity
monitoring provides valid classification of ambulation, posture
and movement, future research should work to accurately assess
lifting, carrying, and isometric work as well which may influence
BP differently.

This study was limited to monitoring only volitional activity
in free-living environments. Although workdays were signifi-
cantly more active than non-workdays and consistent findings
were found using continuous activity data, comparing the two
day types is still influenced by individual and daily OPA and
LTPA variability. Furthermore, while the free-living design did
not allow for randomisation of the work and non-workdays,
this method increases ecological validity of the measurements.
Future research would benefit from more highly controlled
activity as well as the use of compositional data analysis methods.
Further, the cross-sectional design, observational approach and
short-term assessment window did not establish temporality or
allow for quantification of cardiovascular load, or health effects
potentially associated with chronic OPA exposure, that should
be studied in the future. This study was limited by a small sample
size. Although repeated measurements would tend to increase
statistical power, this study may have been underpowered partic-
ularly for the exploratory interaction models. Future studies
should confirm these results in larger and more diverse samples.
The current study was also limited to healthy males who could
safety complete our medically unsupervised fitness test. Thus,
findings may not be externally generalisable to large occupa-
tional populations. Future studies should include females and
individuals with cardiovascular risk factors to increase external
validity.

CONCLUSIONS

This study provides initial evidence that the 24-hour cardiovas-
cular load on high OPA workdays is significantly higher than
on non-workdays. Diastolic BP during non-work time and HR
during nocturnal periods remained elevated following work-
days compared with non-workdays, suggesting inadequate
recovery or reduced parasympathetic activation following OPA.
Nocturnal HRV analysis provided preliminary evidence indic-
ative of lower parasympathetic activity following workdays
compared with non-workdays and suggest that daily MVPA may
be differentially associated with 24-hour cardiovascular load and
nocturnal HRV on workdays versus non-workdays. These data
support the physical activity health paradox hypothesis.
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Further study is necessary to better understand the potential
mechanisms explaining the physical activity health paradox.
Studies with larger, more diverse samples, using controlled
laboratory protocols, with better comparison groups and supe-
rior longitudinal methods are needed. However, if the phys-
ical activity health paradox is true, as our results preliminarily
support, physical activity recommendations may need to consider
OPA separately from LTPA due to opposing health implications.
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