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Abstract

Purpose To assess the effect of a 12 week resistance or aerobic training intervention on markers of cardio-metabolic func-
tion and sleep among male rotational shift workers.

Method Thirty-eight sedentary, apparently healthy, male rotational shift workers were recruited and randomly allocated to
a non-exercise control (CON) group, 3 sessions/week of moderate intensity continuous (MICT), or resistance training (RT)
for 12 weeks in a semi-supervised setting. Pre- and post-testing assessed markers of cardio-metabolic function including
peak oxygen uptake (VO,,,), glucose metabolism, insulin sensitivity, body composition, inflammatory markers, and 14
day actigraphy sleep assessment.

Results Mean session attendance across the intervention was 25 (+7) of a possible 36 sessions. A significant group by
time interaction was observed for MICT, with lower c-reactive protein (CRP) values observed post-training (P =0.049). A
significant effect for time was observed for both MICT (n=9; P=0.04) and RT (n=10; P=0.021), increasing total sleep
time (TST) following a night shift post-intervention. Data redistribution regarding exercise adherence: < 24 (N-ADHERE)
or >24 (ADHERE) resulted in significant pre-to-post reduction in body fat (P =0.024) and fat mass percentage (P =0.014)
among ADHERE. No differences were observed for any intervention group on insulin sensitivity, glucose metabolism or
oxygen uptake.

Conclusion The results of the current study support exercise as a valid intervention to improve the cardio-metabolic health
of rotational shift workers. Average sessional attendance suggests shift workers face barriers to exercise that may need to be
addressed to improve health outcomes.

Keywords Shift work - Resistance training - Aerobic training - Sleep

Introduction

Shift work meets the growing demands of modern society
by utilising rotational work periods to extend total labour
opportunity [14, 30, 33]. However, the rotational divisions
systematically misalign biological rhythms with biologi-
cal regulators in the external environment [26, 30]. Given
the rhythmic and integrated nature of cardiovascular and
metabolic regulation, such disruptions may have deleteri-
ous effects on function [21, 38]. For example, misaligned
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circadian and sleep-wake cycles adversely affect insulin sen-
sitivity [23], sleep quality [22] and inflammatory status [23,
31]. While chronic exposure to circadian disruption and poor
sleep quality in the form of long-term shift work employ-
ment is associated with poor body composition [25] and an
increased relative risk of developing cardio-metabolic dis-
orders [14, 30]. With 20% of the global working population
involved in shift work [33], intervention strategies targeting
improved cardio-metabolic function are vital for employee
health.

Exercise is an established intervention method dem-
onstrated to exert wide-ranging improvements in cardio-
metabolic function [1, 12, 24]. Exercise is associated with
improved sleep quality [14, 21], while, previous research has
reported improved cardiopulmonary fitness, inflammatory
status and body composition following aerobic exercise [28,
36], and enhanced skeletal muscle mass [28], and glycaemic
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control [36] following resistance training (RT). The stimulus
specific nature of exercise induced adaptations [5] highlight
the need for detailed exercise prescription among shift work-
ers to maximise health improvements. However, a lack of
shift work specific research [14] means the potential cardio-
metabolic effects are yet to be investigated in the context of
rotating sleep restriction and circadian disruption. There-
fore, exercise may be a viable intervention to improve the
cardio-metabolic health of shift workers, however additional
research is required to substantiate the hypothesis and iden-
tify the most effective mode(s) [14].

In addition to limited research supporting exercise inter-
ventions, shift workers report lower levels of physical activ-
ity (PA) engagement due to labour specific barriers to exer-
cise [26]. Sleep and social obligations are often prioritised
within shift breaks, restricting available time to achieve
the PA recommendations [4]. Further, rotational shifts are
reported to reduce the motivation to exercise through feel-
ings of residual fatigue [17] and provide exercise opportuni-
ties in opposition to team sport or gym facility scheduling [7,
26]. Consequently, developing ecologically valid interven-
tions are important considerations for research conducted
among rotational shift workers.

The current study aims to assess the adherence to a
semi-supervised exercise training intervention among rota-
tional shift workers. Further, an investigation of the poten-
tial effect of aerobic and resistance exercise modalities
on cardio-metabolic function, inflammatory markers and
sleep will be assessed. It is hypothesised that both train-
ing modalities will improve markers of cardio-metabolic

function. Further, MICT is hypothesised to be more effec-
tive at improving objectively measured sleep, maximal
oxygen uptake, body composition and inflammatory status
of shift workers.

Methods
Participants

Inclusion criteria required participants to be male, aged
18 years or older, employed in rotational shift work, sed-
entary (< 60 min planned PA per week), non-smoker with
no known cardio-metabolic, sleep or inflammatory disor-
ders. Thirty-eight male rotational shift workers, currently
employed in clockwise rotating 8—12 h morning, after-
noon, and night shifts, volunteered for this study (baseline
data in Table 1). This study was approved by the Institu-
tions Human Ethics Committee, with informed written and
verbal consent attained from all participants.

Study Overview

Following recruitment, participants attended a familiarisa-
tion session in which procedures and protocols were ver-
bally outlined. Participants then completed baseline testing
procedures including anthropometry assessments, maximal
graded exercise test (GXT) and objective sleep assessment
(actigraphy). Following a 14 day actigraphy and sleep

Table 1 Resistance (RT) and RT Weeks 1-6 Weeks 7-12

moderate intensity continuous

(MICT) aerobic training Session 1

program overview including Chest press 3Sx8-12R 4Sx8-12R

exercise, mode, sets (S) and

repetitions (R) Lat pull down 3Sx8-12R 4Sx8-12R
Leg press 3Sx8-12R 4Sx8-12R
Shoulder press 3Sx8-12R 4Sx8-12R
Bicep curl 3Sx8-12R 4Sx8-12R
Plank 3Sx30-60s 4S8 x30-60s
Session 2
Chest press 3Sx8-12R 4Sx8-12R
Seated row 3Sx8-12R 4Sx8-12R
Hamstring curl 3Sx8-12R 4Sx8-12R
Seated leg extension 3Sx8-12R 4Sx8-12R
Triceps extension 3Sx8-12R 4Sx8-12R
Plank 3Sx30-60s 4Sx30-60s
MICT Weeks 1-6 Weeks 7-12
Rower Minimum 10 min at 60%—65% HR, Minimum 10 min at 65%-75% HR

Stationary bike
Treadmill
Session total

Minimum 10 min at 60%-65% HR
Minimum 10 min at 60%—-65% HR
30-35 min at 60%-65% HR,,

max max

Minimum 10 min at 65%-75% HR
Minimum 10 min at 65%-75% HR
40 min at 65%-75% HR,,

max max

max max
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diary assessment, participants returned for a laboratory
testing session that included baseline fasted venous blood
sampling for assessment of inflammatory markers, an oral
glucose tolerance test (OGTT), dual x-ray absorptiometry
(DEXA) scan for body composition. Participants were then
randomly assigned one of three groups, a non-exercising
control (CON; n = 13), moderate-intensity continuous train-
ing (MICT; n=13) or resistance training (RT; n=12). Upon
completion of the 12-week intervention all participants
returned for standardised post-intervention testing com-
prised of the same pre-test procedures.

Exercise Pre-screening and Anthropometry

Participants’ baseline health characteristics were assessed
during the familiarisation session via the Adult Pre-
exercise Screening Tool (APSS). Anthropometric measures
were obtained pre and post training including body mass,
recorded wearing minimal clothing, using calibrated elec-
tronic scales (A and D HW-PW200, Thebarton, SA, Aus-
tralia) and height, recorded using a stadiometer in an upright
position with head in the Frankfort plane. Waist to hip ratio
(WHR) was calculated using waist circumference, measured
at the mid-point between the costal arch and the iliac crest;
and hip circumference, measured in line with the greater
trochanter (steel tape; EC P3 metric graduation, Sydney,
NSW, Australia).

Graded Exercise Test (GXT)

All participants completed a ramped maximal graded exer-
cise test (GXT) (Wattbike Trainer, Smeaton Grange, NSW,
Australia) conducted with 1 min stages. Fixed resistance was
applied to the cycle ergometer with participants required to
increase cadence throughout the ramp protocol. An initial
power output of 50 W was followed by incremental increase
in power output of 25 W/min until volitional exhaustion was
achieved. Maximal effort was assessed via an inability to
maintain target power output (produced by increasing cycle
cadence), combined with RER > 1.1 or HR + 10 beats of age
predicted maximum (220 — Age). Expired gases and flow
volumes were collected during the GXT and analysed by a
calibrated metabolic cart (TrueOne 2400, ParvoMedics, Salt
Lake City, Utah) every 15 s. Peak oxygen uptake (VO,qy)
was identified as the mean of the highest two consecutive
oxygen consumption values in the final stage of the test.

Actigraphy and Sleep Diaries

Participants were issued a wrist-worn actigraphy watch
(Actiware 2, Philips Respironics, Andover, MA, USA) and
sleep diary to record subjective bedtime, time of sleep ini-
tiation, awake time and the number of awakenings over a

14 day period. Actigraphy was recorded in 30 s epochs and
analysed using Actiware v5.70 software (Philips Respiron-
ics) in combination with participant sleep diaries recorded
during the collection period. Variables obtained from actig-
raphy software include bedtime, wake time, time in bed
(TIB; period between bedtime and get up time), total sleep
time (TST; time asleep during TIB), sleep latency (period
between bedtime and sleep onset), sleep efficiency (percent-
age of time in bed spent sleeping), total time awake after
sleep onset (WASO), and number of awakenings during
total sleep period which were averaged across the collec-
tion period. Further calculations were conducted post assess-
ment to obtain the number of awakenings per hour and the
percentage of time spent awake after sleep onset. If techni-
cal difficulties impacted date collection or the actigraphy
device were removed for an extended period within an hour
of documented bed or rising time, data of the subsequent
sleep period was manually excluded.

Laboratory Testing Session

Following the 14 day actigraphy collection period, partici-
pants arrived at the laboratories between 0600 and 0900 h.
Participants were instructed to avoid strenuous PA for
24-48 h and caffeine and food for ~ 12 h (fasted) prior to
testing. As night shift is associated with acute sleep depriva-
tion and circadian misalignment, testing occurred following
either a day off or previous day shift to ensure adequate time
for recovery and consistency between all participants. Par-
ticipants underwent intravenous blood sampling, an OGTT
and DEXA scan.

Venous Blood Collection and Analysis

Venous blood was collected to determine baseline inflam-
matory markers pre- and post-intervention via a 22G cath-
eter (22G BD Medical, North Ryde, NSW, Sydney) inserted
into the medial antecubital vein. Samples were collected
using ethylenediaminetetraacetic acid (EDTA) with a ser-
ine protease inhibitor (Pefabloc SC, Sigma-Aldrich, Sydney,
Australia) or serum separator tubes (SST) which was left
to clot for ~20 min before being centrifuged for 10 min at
4 °C and stored at — 80 °C until analysis. Concentrations of
IL-6, CRP, TNF-a and insulin were determined using com-
mercially available enzyme-linked immunosorbent assays
(ELISA) kit. Serum was analysed for C-reactive protein
(CRP) (Human CRP ELISA kit/catalogue No. EK-0040;
Crux Biolabs, Scoresby, VIC, Australia), TNF-o (Human
TNF-alpha ELISA kit/catalogue No. EK-0001; Crux Bio-
labs, Scoresby, VIC, Australia) and insulin (Human Insu-
lin ELISA kit/catalogue No. ELH-Insulin-1; Raybiotech,
Scoresby, VIC, Australia). Plasma was analysed for IL-6
(Human IL-6 ELISA kit/catalogue No. EK-0012; Crux
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Biolabs, Scoresby, VIC, Australia). The manufacturer’s
specified assay and analytical methods were used through-
out. All samples were analysed in duplicate with minimum
detectable cytokine levels for each kit: IL-6 (<5 pg/mL),
TNF-a (<5 pg/mL), CRP (<0.1 ng/mL) and Insulin (<4
pIU/mL) respectively. Duplicate readings for each stand-
ard, control and sample were averaged and the average zero
standard optical density reading was subtracted. A stand-
ard curve was created using a 4-parameter logistic curve
fit. Concentration values were than determined, using this
curve for control and sample average optical densities per
the ELISA kit instructions. The Pearson product-moment
correlation coefficient (r) was determined by comparing
the known standard concentration with the curve fit; r was
shown to be greater than 0.98 for all the assays. The homeo-
stasis model for insulin resistance (HOMA-IR) was calcu-
lated using the established formula, (fasting insulin [pIU/
mL] x fasting glucose [mmol/L]/22.5) [8].

Oral Glucose Tolerance Test

Following an overnight fast of at least 12 h, baseline blood
glucose (BGL) levels were obtained via venepuncture, before
participants consumed a 75 g oral glucose load dissolved in
300 ml carbonated water (Carbotest, Thermo Fisher Sci-
entific, Australia) within 5 min. BGL was incrementally
assessed every 30 min for a total of 120 min post-ingestion
via Accu-Chek Performa 2 blood glucose monitoring system
(Roche Diagnostics, Castle Hill, NSW, Australia). Testing
procedures and blood glucose values were defined in accord-
ance with American Diabetes Association (ADA) and World
Health Organisation (WHO) Guidelines [3]. The blood glu-
cose area under the curve (AUC) was calculated using the
linear trapezoidal method: ¥2 (C, +C,) (T, — T,) with the
initial BGL value acting as a baseline.

Dual-energy x-ray Absorptiometry (DXA)

A supine DXA scan was undertaken to estimate whole-body
composition (GE Lunar Prodigy, GE Healthcare, Madison,
WI, USA). Participants assumed a supine position on the
bench of the DXA machine and a whole-body scan was com-
pleted with a resolution of 4.5 X 9.0 mm and scanning speed
of 130 mm/s. The scan was then analysed with customized
software (Illuminatus DXA, version 4.2.0, Turnbull, CT,
USA) for fat mass and fat free mass which are reported in
absolute (kg) and relative (%) terms.

Training Intervention
The training intervention was designed to meet the current

exercise guidelines described by the World Health Organi-
sation [9]. Participants were required to exercise three days
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per week for 12 weeks in a semi-supervised setting. Each
session was supervised by gym staff with a member of the
research team supervising a minimum of one session per
week. Both training groups completed a standardised 5 min
warm up and cool down during the session. Outlined in
Table 1, the program for the moderate-intensity continuous
training (MICT) group consisted of 30—40 min of aerobic
activity at 60%—75% of maximal heart rate (HR,,,). Total
session time could be accrued in a minimum of 10 min per
aerobic mode including treadmill, stationary bike, or rower
with mean sessional watts (W) or speed (km/h) recorded.

The resistance training (RT) group program comprised of
two different sessions to be completed alternatively on pin-
loaded weight machines targeting the major muscle groups.
Session one: chest press, lat pull down, leg press, bicep curl,
shoulder press and plank. Session two included chest press,
seated row, seated leg extension, seated hamstring curl, tri-
ceps extension and plank. Plank involves participants laying
in a prone position with the forearm and toes on the ground
with core muscle engaged to maintain a stable posture. Par-
ticipants completed 3 sets of 8—12 repetitions on all weight
machine exercises with planks completed in sets of 3, pro-
gressing from 30 isometric hold to 60 s per repetition. Pro-
gressive overload was provided to participants via increased
weight incrementally over the 12 weeks when 12 repetitions
were completed for each of the 3 sets. Further, participants
progressed from 3 sets per exercise to 4 sets for weeks 7—12.
Repetitions and weight were recorded for each exercise in
all sessions and used to assess training adaptation. Total ses-
sion time including dynamic warm up and static stretch cool
down was approximately 50 min, which when performed 3
days a week to meet the current PA guidelines [9].

Data Analysis

Statistical analyses were conducted with SPSS software
(version 26.0 IBM SPSS, Armonk, NY, USA) and signifi-
cance set at P <0.05. The assumption of normality was
assessed using the Shapiro-Wilk W test with violations
reported. Baseline characteristics (Table 2) were analysed
using one-way analysis of variance (ANOVA), with paired
samples T test used to investigate pre-to-post performance
measures. A repeated within-between ANOVA, with the
between factor, group (3 levels) and the within subject
factor, time (2 levels) was used to assess training pre-to-
post training effect. If a significant group*time interaction
was identified, the intervention was deemed to influence
response over time and simple main effects of time were
evaluated by group using Tukey’s honestly significant dif-
ference (Tukey’s HSD). Main effects of time were con-
sulted where group*time interactions did not reach signifi-
cance, and significant time effects were followed up with
Tukey’s HSD. Following statistical analyses data were
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Table 2 Anthropometric and baseline characteristics of rotational
shift workers

Measure MICT (n=13) RT (n=12) CON (n=13)
Age (years) 41+8 37+8 38+38
BMI (kg/m?) 332+59 320+52 30.5+4.6
WHR (index) 0.98+0.1 097+0.1 093+0.1
Systolic BP (mmHg) 1327 129+ 10 130+10
Diastolic BP (mmHg) 87+7 84+7 85+8
VO, (mL/kg/min) ~ 29.7+4.3 33.8+59 33.6+£55

No significant differences observed at baseline (P>0.05)

BMI body mass index, CON control group, MICT moderate intensity
continuous training, RT resistance training, WHR waist to hip ratio,
VO, Peak oxygen consumption

re-grouped for total sessions attended to assess the effect
of exercise adherence (defined as equal to or greater than 2
sessions per week) regardless of training mode, on health
outcomes. The same statistical approach was used for the
regrouped data. Group data are reported as mean =+ stand-
ard deviation.

Results
Baseline Descriptive Characteristics

No significant differences were observed between interven-
tion groups at baseline for age, anthropometry, blood pres-
sure (BP) or oxygen uptake [F (2, 35)<2.248; P>0.114;
Table 2].

Exercise Adherence and Performance Measures

No significant difference was observed in total sessions
attendance between the two exercise groups (P> 0.05;
Table 3). A significant pre-to-post training increase was
observed in sessional workload (kg) for the three major RT
exercises (chest press, lat pull down and leg press) (P <0.05;
Table 3). A significant pre-to-post increase was observed in
the average sessional workload (W or km/h) for the aero-
bic exercise modes (treadmill, bike, and rower) (P <0.05;
Table 3).

Actigraphy Sleep Assessment

Due to technical difficulties 11 (4 MICT, 2 RT and 5 CON)
post-training actigraphy measures were not recorded and
excluded from analysis, resulting in an n=27. All data
were normally distributed except MICT pre interven-
tion for sleep latency (P=0.001) and post intervention
for efficiency (P=0.001). No significant differences were
observed in pre-to-post training intervention for actigraphy
variables, including TIB, TST, sleep efficiency, latency,
WASO, number of awakenings, number of awakening per
hour or time awake after sleep onset (Table 4) (P> 0.05).
Sleep variables following a night shift were non-normally
distributed for MICT group at pre and post intervention for
both latency (P <0.049) and efficiency (P <0.05). A signifi-
cant main effect for time [F (1, 20)=7.572, P=0.012, eta
squared =0.275]. Post hoc analysis identified a significant
pre-to-post increase in TST for MICT (P =0.04) and RT
(P=0.02) (Table 4).

Table 3 Intervention adherence

o . Variable MICT (n=13) RT (n=12) CON (n=13)
and training adaptation

Total Sessions 26+8 2245 -
Participants complet- 6 2 -

ing >80% of sessions

(n)
Performance Measure Pre Post Pre Post Pre Post
VO,cq (mL/kg/min) 29.7+4.4  31.1+44 33.8+6.2 33.8+69 33.6+57 339+59
Chest Press (kg) - - 49+8 T2+11%* - -
Lat Pull Down (kg) - - 41+6 46+ 5% - -
Leg Press (kg) - - 80+18 120 +24% - -
Rower (W) 99+24 132 +16* - - - -
Bike (W) 118+20 144 £29%* - - - -
Treadmill (km/h) 5+1 6+ 2% - - - -

*Denotes significant difference compared to baseline (P < 0.05)

CON control group, MICT moderate intensity continuous training, RT resistance training, VO, peak

oxygen consumption
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Table 4 Actigraphy sleep assessment

Variable MICT (n=9) RT (n=10) CON (n=38)
Actigraphy—averaged assessment Pre Post Pre Post Pre Post

TIB (min) 452+40 454 +38 464+ 65 435+47 428 +28 438+36
TST (min) 396+34 393+28 403+75 369+83 376+29 387+38
Efficiency (%) 87.7+3.9 79.6+17.5 86.6+6.1 84.2+6.1 87.7+3.2 88.1+3.2
Latency (min) 10+£7.7 15.6+9.7 16.1+6.5 19.1+8.1 8.8+4.9 9.4+6.0
WASO (min) 32.8+13.2 31.9+21.2 34.7+16.1 31.6+14.6 30.6+10.6 31.3+10.1
Awakenings (#) 31.7+7.1 27+10.3 37.7+14.7 322+13.6 31+10 31.8+9.7
#Awakenings per hour 49+13 44+13 5.8+2.7 53+24 5+19 5+1.38
Time awake after sleep onset (%) 8.1+£22 7.4+2.2 9.7+4.4 8.9+4.1 8.4+3.1 8.4+3.1
Actigraphy-Night Shift Pre Post Pre Post Pre Post

TIB (min) 419459 463+26 423+35 455+35 37457 37173
TST (min) 355+41 386+44* 350+40 385+40%* 324 +47 326+65
Efficiency (%) 85.8+9.2 83.6+8.7 82.7+4.8 84.7+5.9 87.2+6.3 88.4+4.5
Latency (min) 10.8+£9.3 13.2+9.2 223+£7.3 18.6+19.1 10.8+7.5 10.0£5.2
WASO (min) 33.0+21.9 31.0+20.9 345+17.2 36.4+14.2 27.5+12.9 25.6+12.6
Awakenings (#) 27.8+10.5 26.7+£9.3 35.6+14.1 38.0x+16.1 28.4+12 26.5+10.8
#Awakenings per hour 47+19 43+19 6.3+2.7 6.0+2.5 52421 49+1.8
Time awake after sleep onset (%) 79+3.2 7.2+3.1 10.6+4.5 10.0+4.2 8.7+£3.6 8.1+3.0

* Denotes significant pre to post difference (P < 0.05).

CON control group, MICT moderate intensity continuous training, RT resistance training, 7/B time in bed, 7ST total sleep time, WASO wake

after sleep onset, # number, % percentage

Inflammatory Profile and Glucose Metabolism

Multiple participants reported metabolite levels below
detectable ranges for both TNF-a (n=30) and IL-6 (n=23)
resulting in the exclusion of analyses for those cytokines.
A significant main effect for time was identified [F (1,
27)=4.233, P=0.049, eta squared =0.136] with post hoc
analysis revealing a significant effect for MICT to reduce
CRP from pre-to-post exercise (P=0.038; Table 5). No
significant difference was observed for insulin (MICT: pre
5.8+2.2, post 5.0+ 1.6; RT: pre 6.4+3.6, post 6.4 +4.3;
CON: pre 6.3 +2.9, post 6.4 +2.1 plU/mL, P> 0.05). No
significant time*group interaction as observed at any time
point for the glucose response to an OGTT (Fig. 1) or AUC
(MICT: pre 263.2+115.1, post 260.0 +224.6; RT: pre
266.0+102.5, post 211.0+164.9; CON: 211.1+121.0, post
270.3 +£124.6 pg/mL/min). No significant difference was
observed pre-to-post intervention for HOMA-IR (P > 0.05;
Fig. 2).

Body Composition
A significant main effect for time was observed [F (1,
30)=7.206, P=0.012, eta squared =0.194] for WHR. Post

hoc analysis identified a significant increase for the CON
group WHR from pre-to-post (P=0.001). No significant
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differences were observed for DXA measures of body com-
position including fat mass, fat free mass and fat mass as a
percentage (%) (P> 0.05) (Table 5).

Re-grouped Data Relative to Exercise Adherence

Mean total session attendance for the > 24 sessions (adher-
ence; ADHERE; n=11) group was 31 +4 sessions, while the
<24 sessions (non-adherence; N-ADHERE; n=14) group
was 19 +2 sessions. No significant difference was observed
in pre-to-post VO, for ADHERE and N-ADHERE
(ADHERE: pre 32.7+5.6, post 34.6+6.0 mL/kg/min;
N-ADHERE: pre 30.9+5.7, post 30.6 +5.2 mL/kg/min). A
significant group by time interaction was observed for body
composition fat mass for ADHERE decreasing from pre
(32.9+4.7 kg) to post (30.6 +3.6 kg, P=0.013) while no dif-
ference was observed for N-ADHERE (pre 36.7 + 14.4 and
post 37.1+13.6 kg). A significant decrease in BF percent-
age was observed for ADHERE (pre 33.4% +2.9% and post
31.7% +3.2%; P=0.009); and no difference was observed
for N-ADHERE (pre 35.3% +5.8% and post 35.7% +4.7%;
P <0.05). No significant difference was observed for WHR
(indexed) ADHERE (pre 0.95 +0.06, post 0.96 +0.07) and
N-ADHERE (pre 0.99+0.9; post 1.0+0.09; P>0.05). No
significant difference was observed for insulin / ADHERE:
pre 6.4+3.8, post 5.2+2.3 WlU/mL; N-ADHERE: pre
5.7+ 1.6, post 6.3 +4.0 ulU/mL (P> 0.05) or pre-to-post
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Fig. 1 Pre-to-post 12 week training blood glucose response to OGTT. A Pre OGTT response B Post training OGTT C Re-grouped pre training
OGTT D Re-grouped post training OGTT. Values are calculated mean + SD. No significant differences were observed (P > 0.05)

CRP or HOMA-IR (P> 0.05). No significant difference
was observed for glucose response to OGTT (P> 0.05). No
significant difference was observed for AUC (ADHERE: pre
254.7 +140.6, post 209.6 + 142.2 pg/mL/min; N-ADHERE:
pre 273.3+114.5, post 302.0+ 177.4 pg/mL/min, P> 0.05).

Discussion

The current project sought to investigate the effect of MICT
and RT on sleep and cardio-metabolic function among rota-
tional shift workers. The key observation was 12 weeks of
MICT significantly reduced CRP levels from pre-to-post
interventions, while both MICT and RT increased TST fol-
lowing a night shift. In contradiction to the research hypoth-
esis, no change was observed in the participants’ average
sleep characteristics, maximal oxygen uptake, or glucose
metabolism. Results which may be impacted by session
attendance, with participants averaging 25 (+7) total ses-
sions across the 12 weeks. Cumulatively, the findings sug-
gest that the risk of developing cardio-metabolic disorders
in apparently healthy male shift works may be reduced by

engaging in exercise interventions, but several barriers exist
within rotational shift work populations.

Shift work is associated with an increased circulation
of CRP [31], a biomarker of systemic inflammation and
strong univariate predictor of future adverse cardio-met-
abolic outcomes [31]. A 12-week MICT program signifi-
cantly reduced CRP levels and may reduce the relative
risk of future cardio-metabolic disorders. Conversely, RT
did not influence CRP levels, and with no significant dif-
ference in group exercise adherence, the results suggest
MICT may be a more effective exercise mode to improve
inflammatory status among shift workers. A plausible
explanation may be the differences in mode-based oxida-
tive adaptations between exercise groups. Endurance exer-
cise is associated with enhanced muscle metabolism, spe-
cifically increased oxidative capacity due to mitochondrial
biogenesis [18]. Consequently, MICT may have improved
skeletal oxidative capacity and reduced a potential stimu-
lant for CRP production [2]. Alternatively, chronic train-
ing may have upregulated anti-inflammatory mediators
including IL-6, capable of inhibiting the pro-inflammatory
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Fig.2 Pre-to-post 12 week training response for CRP and insulin
resistance (HOMA-IR index). A Pre-to-post CRP values B Pre-to-
post insulin resistance as calculated by HOMA-IR C Re-grouped
pre-to-post CRP values D Re-grouped Pre-to-post insulin resistance

Pre Post

as calculated by HOMA-IR. Pre; pre intervention, post; post interven-
tion. Values are calculated mean + SD. * denotes significant differ-
ence from pre (P <0.05)

Table 5 DEXA assessed body

O Measure MICT RT CON
composition and anthropometry
Pre Post Pre Post Pre Post
Weight (kg) 102.4+17.9 101.5+17.6 103.4+17.1 103.6+17.32 943+15.6 94.7+159
LM (kg) 63.2+7.1 63.4+7.7 66.7+8.2 66.9+8.2 60.8+8.4 61.1+£8.3
FM (kg) 36.1+£11.3 349+109 33.9+10.5 33.6+10.1 30.4+8.3 31.3+8.1
BF (%) 357+4.4 349+44 33.0+4.8 329+45 32.8+4.8 33.4+43
BMI 32.1+£33 31.4+£32 329+7.1 331+72 30.5+4.7 30.8+4.6
WHR 0.95+0.06 0.96+0.07 0.99+0.09 1.0+0.09 0.95+0.07 0.98+0.08*

* Denotes significant difference compared to baseline (P < 0.05)

BF body fat, BMI body mass index, DEXA dual-energy X-ray absorptiometry, FM fat mass, kg kilogram,
LM lean mass, WHR waist to hip ratio, % percentage.

cascade and reducing systemic inflammatory markers [11].
Unfortunately, as the supplementary inflammatory markers
(TNF-a and IL-6) were below detectable ranges within the
current project, interpretations of potential mechanisms
responsible for the divergent training adaptations are lim-
ited and require further elucidation.

@ Springer

Cardio-metabolic function is additionally moderated by
sleep-wake cycles and poor sleep, particularly reduced TST,
is hypothesised to facilitate pathogenesis [20]. Employment
in rotational shift work is associated with reductions in sleep
quality [27], with night shift demonstrated to reduce TST of
the subsequent sleep opportunity [13]. The MICT and RT
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intervention significantly increased post nightshift TST by
31 and 35 min respectively. No significant differences were
observed in supplementary actigraphy measures or values
averaged over the collection period (Table 4). Actigraphy
and sleep diary assessment was averaged over a 14-day
period, including days on, off and different shift rotations
such as night shift. Consequently, strategies including naps
or extended sleep on days off may mask the differences in
acute sleep bouts, or acute improvements in sleep quality
induced by exercise training [37]. Further, the presence of
undiagnosed sleep disorders including obstructive sleep
apnea may have impacted sleep assessment among par-
ticipants. Screening for diagnosed sleep disorders were
conducted by subjective health questionnaires, however
given the inactive and overweight status of participants,
undiagnosed disorders may have been present [34]. Further
research incorporating polysomnography assessment of
sleep quality is required to support and explore the current
observation.

Despite exercise interventions eliciting a range of health
benefits [36], no significant improvements were observed
in body composition, oxygen uptake or glucose metabolism
post-intervention. Exercise-based adaptations are specific
to the exercise stimulus and total dose [5] with the reduced
adherence observed in the current study likely resulting in
an insufficient stimulus to significantly improve body com-
position, oxygen uptake and glucose metabolism within the
12-week period. Shift work-specific restrictions may have
contributed to reduced exercise adherence within the current
project, alternatively, the sessional attendance may reflect
current trends of non-adherence among the general popula-
tion [10]. Re-distribution of interventions groups based on
sessional attendance rather that training modality resulted
in observable changes in body composition. A significant
decrease in body fat (-2.3 +3.2 kg) and body fat percentage
(-1.7% +2.0%) is reported within the ADHERE group who
averaged 31 of a prescribed 36 session. Increased adipos-
ity is classified as a risk factor for the development of car-
dio-metabolic disorders [29] with hypertrophic adipocytes
undergoing molecular and cellular alterations, secreting pro-
inflammatory mediators and decreasing insulin sensitivity
[6, 15, 16]. Consequently, the reduction in adipose tissue
induced by higher exercise adherence may reduce the associ-
ated relative risk of developing cardio-metabolic disorders
[6, 35] among shift workers.

A mechanistic link underlying the association of obesity
with cardio-metabolic conditions, is the observed effect of
adipose tissue and inflammation on decreasing insulin sensi-
tivity [6, 16]. However, neither the normal or re-distributed
data demonstrated a significant effect on the on glucose
metabolism. Results which may be explained by the pre-
intervention screening process excluding participants with
diagnosed cardio-metabolic disorders. Resultantly, the mean

baseline variables were within healthy ranges and potentially
created a ceiling effect with minimal room for improvement.
Further, the reduced exercise adherence may be a limitation
in interpreting the current observations. Previous interven-
tions, conducted with similar methodology among compara-
ble participants have resulted in significant changes in body
composition, fasting glucose and HOMA-IR [19, 32]. How-
ever the protocols prescribed increased intensity and vol-
ume in comparison to the current project, and participants
reported higher adherence rates, completing 94% of exer-
cise sessions [32]. A final limitation of note is the exclusive
recruitment of male rotational shift workers. The approach to
recruitment does not allow the application of results to fixed
shift or female employees. Additional research is required
to replicate results among a wider population group more
reflective of shift work as a whole.

Cumulatively, exercise presents as a viable intervention
method to improve cardio-metabolic health among male
shift workers. Aerobic interventions appear to be a more
effective mode, eliciting improvements in both inflammatory
status and TST following night shift. The current research
project attempted to increase exercise adherence via provid-
ing a semi-autonomous (regarding cardio mode), structured
and flexible training intervention. However, the mean ses-
sion attendance indicate that more research is required to
facilitate shift work exercise intervention to increase exercise
adherence and thus gain potential anthropometric and physi-
ological improvements.
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