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Background: Shift work is a neces-
sary part of many industries; however, it 
can have detrimental effects on health 
over time.

Purpose: This study investigated the 
effect of a massage intervention on the 
cardiac autonomic activity and blood in-
flammatory markers of healthy medical 
residents working night shifts.

Setting: This trial was conducted at 
British Columbia Children’s and Women’s 
Hospital between February 2014 and 
June 2016.

Participants: Included participants were 
generally healthy medical residents and 
were working rotating night shifts on a 
regular basis.

Research Design: This was a random-
ized, controlled, crossover, open-label trial 
(NCT02247089).

Interventions: Participants received 
either a 30-min massage intervention or 
reading control after consecutive periods 
of night shift. 

Main Outcome Measures: The primary 
outcome was high frequency, a proxy for 
the cardiac parasympathetic activity, mea-
sured via heart rate variability. Secondary 
outcomes included other heart rate vari-
ability measures, blood markers of inflam-
mation, and blood pressure.

Results: Twelve participants were re-
cruited (nine female) with median age of 
28 years. There was no significant differ-
ence between the massage intervention 
and the reading control for the primary 
outcome, (median relative change be-
tween pre- and postmassage [interquartile 
range]: 62% [-1 to 150], pre- and postread-
ing: 14% [-10 to 51], p = .16). Similarly, there 

was no difference with respect to blood 
inflammatory markers and blood pres-
sure. Median high frequency significantly 
increased between pre- and postmassage 
(185 vs. 358 ms2, p = .04). 

Conclusion: This pilot study found no 
statistically significant difference between 
the massage intervention and the reading 
control; however, we did observe a signifi-
cant increase in median high frequency 
from before massage to after massage, 
indicative of increased parasympathetic 
activity. This study may help inform plan-
ning of larger trials evaluating massage 
interventions on the activity of the auto-
nomic nervous system and managing shift 
work stress.

KEY WORDS: autonomic nervous sys-
tem; inflammation; massage; randomized 
controlled trial; shift work

INTRODUCTION

Shift work is common in the United 
States and Canada, with 29% and 28% of 
employees working alternating shifts (e.g., 
evening, night, or rotating shift), respec-
tively.(1,2) Working outside normal daytime 
hours disrupts normal circadian rhythm, 
and has been associated with cardiovas-
cular diseases(3-5) and increased risk of 
malignancy.(6-8) This has grave implications 
for sectors that provide around-the-clock 
services, such as health care.

Imbalances in the autonomic nervous 
system (ANS) have also been noted in 
night shift workers.(9-11) The ANS regulates 
unconscious bodily functions and keeps 
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collection. We anticipated minimal risk for 
patients included in this study due to the 
nature of the intervention.

Participants were assessed for cardiovas-
cular and inflammatory stress markers at 
five time points (Figure 1): at baseline, on a 
regular working day with no prior shifts for 
at least a week (T1); after five consecutive 
nights of shift work, immediately prior to 
(T2) and immediately after (T3) the mas-
sage intervention or the reading control; 
after a washout period of one week, and 
after another five consecutive nights of 
shift work, immediately prior to (T4); and 
immediately after (T5) the crossover inter-
vention (i.e., from massage intervention 
to reading control, or vice versa). Prior to 
assessments, participants were asked not 
to perform heavy exercise within 24 hours, 
avoid drinking caffeinated beverages with-
in 3 hours, and refrain from eating a heavy 
meal within 1.5 hours. Shift work began at 
20:00 and ended at 08:00 on the following 
day. All five assessments were conducted 
at approximately the same time around 
08:00 for consistency.

Population

Recruitment posters were displayed 
on hospital boards around the neonatal 
intensive care unit (NICU) and pediatric 
intensive care unit (PICU) at the hospital. 
Convenience sampling was done to recruit 
12 participants. Participants were included 
in the study if they were generally healthy 
medical residents and were working rotat-
ing night shifts on a regular basis. Use of 
anti-depressants or other pharmacologi-
cal agents that affect the cardiovascular 
system or the ANS, smoking more than 10 
cigarettes per day, and inability to com-
municate or provide consent were criteria 
for exclusion. 

the body in homeostasis through the in-
terplay between the sympathetic nervous 
system (SNS), responsible for “f ight or 
flight”, and the parasympathetic nervous 
system (PNS), responsible for “rest and di-
gest.” Both significant(9,10) and trend-wise(11) 

increases in SNS activity and decreases 
in PNS activity have been reported dur-
ing night shift or when anticipating night 
shift.(12) Notably, significant dominance of 
the SNS and increased heart rate were ob-
served in surgeons working 17-hour night 
shifts.(10) As well, shift work has been shown 
to elicit systemic inflammatory changes 
observed in studies on factory and male 
manual workers.(13,14)

As a complementary therapy regaining 
popularity,(15-17) massage therapy has been 
found to generally shift the ANS towards 
increased PNS activity and decreased SNS 
activity.(15,18-21) Additionally, single massage 
therapy sessions have been shown to re-
duce anxiety, blood pressure, and heart 
rate across a variety of populations.(15,20,22,23) 
Here, our goal was to determine whether 
a massage intervention could improve 
cardiovascular stress markers and blood 
inflammatory markers in medical residents 
after night shift work.

METHODS

Study Design

This randomized, controlled, crossover, 
open-label trial (NCT02247089) was con-
ducted at British Columbia Children’s and 
Women’s Hospital between February 2014 
and June 2016. Institutional research ethics 
board approval was given by the University 
of British Columbia (H13-01584). Informed 
consent was obtained from all partici-
pants at their initial visit prior to any data 

FAZELI: EFFECT OF MASSAGE ON NIGHT SHIFT WORKERS

Figure 1. Study design.
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recording for 5 min using six electrodes 
placed on the skin of the chest, neck, and 
lower back. At the end of HRV and ICG 
recording, a 5-ml sample of blood was col-
lected intravenously for the assessments of 
blood inflammatory markers.

HRV and ICG recordings were collected 
by a BIOPAC MP150 data acquisition sys-
tem (BIOPAC Systems Inc., Goleta, CA). Fur-
ther details on HRV and ICG are provided 
in Appendix B. Systolic and diastolic blood 
pressures were obtained using a digital 
blood pressure monitor (Model UA-787, 
A&D Company, Tokyo, Japan), and the aver-
age of three measures is reported.

Inflammatory Blood Markers

Blood was collected in sodium heparin 
microcontainers. Plasma IL-1beta, IL-6, 
IL-8, and TNF-alpha were assessed using 
commercially available ELISA kits (V-PLEX 
Human Proinflammatory Panel II [4-Plex]) 
and a SECTOR Imager 2400A Model 1250. 
Samples were run in duplicate to ensure 
reproducibility. Analyses were done using 
DISCOVERY WORKBENCH 4.0 (Meso Scale 
Diagnostics (MSD), Rockville, MD).

Statistical Analysis

Wilcoxon signed-rank test was used 
for all within-group and between-group 
analyses. Results are reported as me-
dian (interquartile range). We present the 
change in outcomes from before to after 
intervention or control as relative percent-
age changes. This was done to adjust for 
baseline differences among participants. 
Relative percentage changes were calcu-
lated as follows: (i) relative change for each 
participant from pre- to postmassage in-
tervention or reading control was obtained 
using the formula (postvalue - prevalue) / 
prevalue × 100%, and (ii) the median of the 
set of values from step (i) was obtained and 
presented in this paper.

Effect size (Cohen’s d) was calculated 
for HF using the methods described by 
Fritz et al.(29) for nonparametric data. For 
consistency, we also calculated the effect 
size by applying methods developed by 
Morris and DeShon for repeated measures 
design,(30) using the log-transformed HF 
data to increase normality.

To explore the effect of consecutive days 
of night shift, the regular day assessment 
(T1) and the average of the two night shift 
assessments (i.e., the average of T2 and T4) 

Intervention

Participants were randomized between 
a 30-min massage intervention vs. a read-
ing control. Randomization was concealed, 
and the sequence was created using 
an online computer software program 
(https://www.random.org). Administration 
of intervention and control could not be 
blinded due to the inherent nature of the 
procedures. The massage intervention in-
cluded the back, shoulders, arms, and neck 
while the participant was seated comfort-
ably in a standard massage chair. Massage 
was administered by a registered massage 
therapist (RMT) according to a predefined 
protocol (Appendix A). The RMTs had been 
in practice between one to three years at 
the time of the study. All had graduated 
from the Vancouver College of Massage 
Therapy (VCMT) and were taught by the 
same group of teachers throughout their 
training. The control consisted of journal 
reading in the same chair and environ-
ment as the intervention. The environment 
consisted of an empty room (doors kept 
closed), with stable room temperature, and 
typical office noise and light levels.

Outcome Measures

The primary outcome was high frequen-
cy (HF) as measured by heart rate variability 
(HRV). HF is widely accepted as a reliable 
marker of pure cardiac PNS modulation.
(24,25) Secondary outcomes included other 
HRV and impedance cardiography (ICG) 
parameters: total power (TP), estimating 
the ability of the ANS to cope with stress; 
pre-ejection period, inversely correlated 
with SNS influence on the heart; and heart 
rate, influenced by both the SNS and PNS. 
Blood markers of inflammation including 
interleukin (IL)-1beta, IL-6, IL-8, tumor ne-
crosis factor alpha (TNF-alpha), and blood 
pressure were other secondary outcomes. 
The markers of inflammation have been 
shown to play a significant role in chronic 
inflammatory conditions and oncological 
conditions.(26-28) Number of hours slept on 
the last night shift (i.e., at T2 and T4) was 
also captured. 

Cardiovascular Stress Markers

Cardiovascular measures consisted of 
blood pressure obtained in a seated posi-
tion, followed by 5 min of continued com-
fortable sitting, and then HRV and ICG 

FAZELI: EFFECT OF MASSAGE ON NIGHT SHIFT WORKERS
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intervention (185 vs. 358 ms2, p = .04), and 
an increase in TP was observed from be-
fore reading to after reading (617 vs. 807, p 
= .04) (Table 3). The effect size for HF from 
before to after massage intervention was 
1.12. IL-1beta was assessed; however, most 
of its data were below the lower limit of 
detection and are therefore not presented.

The mean amount of sleep reported by 
participants receiving massage interven-
tion on their last night shift was 1.4 hours 
(95% CI: 0.7 to 2.2). Participants tended to 
report slightly less sleep on their last night 
shift before receiving the reading control 
(mean: 1.1 hours, 95% CI: 0.4 to 1.8). Individ-
ual participant data are available in Table 4.

The Relationship Between ANS Parameters 
& Blood Markers of Inflammation

There was a negative correlation be-
tween TP and IL-6 (rs = -0.77, p = .005), and 
a positive correlation between TP and IL-8 
(rs = 0.87, p < .01). HF and IL-8 were positively 
correlated (rs = 0.82, p = .002). No statisti-
cally significant correlation was found be-
tween TNF-alpha and any of the HRV and 
ICG parameters.

DISCUSSION

Although shift work is common and 
necessary in many professions including 
health workers, the adverse effects caused 
by the resulting stress effects are substan-
tial and must be addressed to prevent seri-
ous long-term complications. To the best of 
our knowledge, this is the first randomized 
crossover trial objectively evaluating the ef-
fect of massage on the ANS, measured via 
HRV and ICG, and on blood inflammatory 
markers in night shift workers. 

Effects of Night Shift on ANS Profile & 
Blood Markers of Inflammation

Comparing the regular day assessment 
and the pooled night shift assessment, 
we observed median heart rate to be 
significantly lower for the pooled night 
shift assessment. Previously, Adams et 
al.(9) measured HRV via a Holter monitor 
in emergency physicians pre-shift, during 
shift, and post-shift. Similar to our findings, 
they observed a lower heart rate post-shift 
compared to pre-shift work (71.5 vs. 81.3 
beats/min, p < .001). Interestingly, the au-
thors also reported greater HF post-shift 

were compared. Spearman’s rank correla-
tion was conducted using data collected 
at T1 to explore the association between 
the inflammatory markers and HRV and 
ICG parameters. Analyses were done on 
the per-protocol population, and a p value 
< .05 was considered statistically significant 
(SPSS® v.20.0, IBM, Armonk, NY).

RESULTS 

Patient Characteristics and Recruitment

Twelve healthy adult participants were 
recruited (9 females; median age 28 years 
[26 to 30]). All were residents of the Pedi-
atric Department at the British Columbia 
Children’s and Women’s Hospital. One 
participant was lost to follow-up after 
crossover, and data for this participant are 
available only for the massage interven-
tion (Figure 2). Postintervention HRV and 
ICG assessments were uninterpretable for 
three participants due to the significant 
number of artifacts in the recorded data 
and were excluded from analyses. Conse-
quently, nine participants in the massage 
intervention group and eight participants 
in the reading control group were included 
for the HRV and ICG analysis. No adverse 
events were reported.

Effects of Night Shift on ANS Profile & 
Blood Markers of Inflammation

The baseline physiological and biochem-
ical characteristics between the regular 
day assessment (T1) and the pooled night 
shift assessment (the average of T2 and T4) 
were not significantly different from one 
another, except for heart rate and IL-6 (Ta-
ble 1). Median heart rate was lower for the 
pooled night shift assessment compared 
to regular day (70 vs. 77 beats/min, p = .05), 
while median IL-6 was greater (0.5 vs. 0.3 
pg/ml, p = .01).

Effect of Massage Intervention and 
Reading Control

No significant differences between the 
massage intervention and the reading 
control were seen for any of the HRV/ICG 
parameters, blood inflammatory mark-
ers, and blood pressure (Table 2). Some 
within-group differences were observed 
(Table 3). Median HF significantly increased 
from before massage to after massage 

FAZELI: EFFECT OF MASSAGE ON NIGHT SHIFT WORKERS
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Figure 2. Consolidated Standards of Reporting Trials (CONSORT) flow diagram.
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Table 1. Demographic and Clinical Characteristics of Participantsa

Female, n (%) 9 (75)

Age (range in years) 28 (26-30)

HRV/ICG Parameters
(n = 11)

Regular Day
(T1)

Night Shift
(average of T2 and T4)

P 
valueb

HF (ms2) 127 (80 to 277) 265 (157 to 453) .11

TP (ms2) 675 (287 to 818) 1029 (319 to 1415) .13

Pre-ejection period (ms) 120 (116 to 125) 122 (116 to 125) .86

Heart rate (beats/min) 77 (61 to 81) 70 (58 to 82) .05

Blood Inflammatory Markers
(n = 11)

Regular Day
(T1)

Night Shift
(average of T2 and T4)

P 
value

IL-6 (pg/ml) 0.3 (0.3 to 0.5) 0.5 (0.3 to 0.8) .01

IL-8 (pg/ml) 3.7 (3.4 to 4.4) 4.2 (3.3 to 5.5) .37

TNF-alpha (pg/ml) 1.6 (1.4 to 1.9) 1.8 (1.5 to 2.1) .29

Blood Pressure
(n = 11)

Regular Day
(T1)

Night Shift
(average of T2 and T4)

P 
value

Systolic (mmHg) 114 (102 to 118) 114 (105 to 125) .33

Diastolic (mmHg) 78 (74 to 82) 78 (70 to 91) .26

aValues are median (interquartile range) 
bP values are reported using Wilcoxon signed-rank test 
HRV = heart rate variability; HF = high frequency; ICG = impedance cardiography; IL = interleukin; TNF-alpha = 
tumor necrosis factor alpha; TP = total power.

work compared to pre-shift work (473 vs. 
302 ms2, p = .04), which indicates a greater 
activity of the PNS. In our study, HF for the 
pooled night shift assessment was also 
greater compared to regular day; however, 
this did not reach statistical significance. 

The drive towards greater PNS activity 
post-night shift, indicated by lowered heart 
rate and increased HF, may be explained 
with Hans Selye’s General Adaptation Syn-
drome.(31) There are three stages in this 
model of adaptation to stress: (1) Alarm, 
where an organism uses resources to resist 
a stressor; (2) Resistance, where the re-
sponse to stress is intensified to return the 
organism to homeostasis; and (3) Recovery/
Exhaustion, where either the stressor is 
overcome or the organism’s resources are 
depleted leading to loss of bodily function 
or illness. We hypothesize that the stress 
f rom consecutive nights of shift work 
stemming from sleep disturbances and 
staying alert led to an initial Alarm stage. 
Subsequently, to return to homeostasis, a 
parasympathetic response was initiated, 

leading to the Resistance stage. We likely 
assessed participants while they were in 
this Resistance stage; hence the decrease 
in heart rate (and trend-wise increase in 
HF) that were observed, which are indica-
tive of greater parasympathetic activity.

We found IL-6 was significantly greater 
for the pooled night shift compared to the 
regular day. Previously, a small trial report-
ed a significant increase in IL-6 following 
night shift work compared to day work.(32) 
It has been shown that IL-6 is elevated 
during acute sleep deprivation,(33) which 
is common in night shift workers and may 
also be the source of the IL-6 elevation we 
observed in our study. However, studies 
assessing changes to inflammatory mark-
ers in shift work are few and results can be 
inconsistent. A cross-sectional study of IL-6 
levels in shift workers and daytime work-
ers observed no difference between the 
two worker groups.(34) Similarly, another 
study found no difference in IL-6 between 
shift-working and daytime nurses at base-
line or at 12 months of follow-up, although 
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and HF as a stress compensatory mecha-
nism (Table 1), therefore leaving a smaller 
postmassage marginal gain in these two 
parameters; and (2) the reading control 
was also a relaxing intervention that led 
to the same trends in increasing TP and 
HF, therefore reducing the difference with 
massage intervention.

We did observe greater relative change 
in HF for the massage intervention (62% 
vs. 14%), which may suggest a greater PNS 
response for massage as compared to the 
control. From before massage to after mas-
sage we observed a significant increase 
in median HF, indicative of increased PNS 
activity. Previous studies have observed 
an increase in PNS activity after massage. 
Diego and Field evaluated the effects of 
moderate pressure versus light pressure 
massage in healthy adults and reported 
that, during the initial part of a 15-minute 

other markers (IL-1beta and TNF-alpha) 
were greater for night shift workers at 
baseline.(35) Further evidence is needed to 
determine the relationship between shift 
work and inflammatory markers.

Effects of Massage Intervention and 
Reading Control

When comparing HF between the mas-
sage intervention and the control we did 
not observe any statistically signif icant 
difference. This statistically non-significant 
finding may be due to a limitation that 
arises from the pilot nature of this study 
and lack of power to establish a difference 
between intervention and control. Two oth-
er factors may have contributed to observ-
ing a smaller difference between the two 
interventions: (1) at the end of night shift, 
the participants had already increased TP 

FAZELI: EFFECT OF MASSAGE ON NIGHT SHIFT WORKERS

Table 2. Comparison Between Massage Intervention and Reading Controla

HRV/ICG Parameters Before Massage 
(n = 9)

Relative Change 
From Before 

Massage to After 
Massage

Before Reading 
(n = 8)

Relative Change 
From Before 

Reading to After 
Reading

P 
valueb

HF (ms2) 185 (112 to 315) 62% (-1 to 150) 200 (88 to 370) 14% (-10 to 51) .16

TP (ms2) 675 (310 to 1910) 44% (12 to 138) 617 (217 to 1346) 25% (15 to 85) .40

Pre-ejection period 
(ms) 121 (116 to 126) 1% (0 to 2) 119 (115 to 128) 0% (-1 to 1) .24

Heart rate (beats/min) 78 (65 to 85) -4% (-8 to 1) 72 (67 to 91) -3% (-5 to 0) .89

Blood Inflammatory 
Markers

Before Massage  
(n = 12)

Relative Change 
From Before 

Massage to After 
Massage

Before Reading  
(n = 11)

Relative Change 
From Before 

Reading to After 
Reading

P 
valueb

IL-6 (pg/ml) 0.5 (0.4 to 1.1) -9.0% (-28.4 to 6.8) 0.4 (0.3 to 0.6) -4.2% (-12.9 to 5.7) .37

IL-8 (pg/ml) 4.0 (3.2 to 6.7) -5.4% (-26.3 to 8.0) 3.4 (3.3 to 3.8) -2.6% (-6.7 to 2.7) .37

TNF-alpha (pg/ml) 1.8 (1.5 to 2.4) -2.5% (-6.7 to 1.7) 1.8 (1.5 to 2.0) -1.5% (-6.6 to 3.6) .18

Blood Pressure Before Massage  
(n = 12)

Relative Change 
From Before 

Massage to After 
Massage

Before Reading  
(n = 11)

Relative Change 
From Before 

Reading to After 
Reading

P 
valueb

Systolic (mmHg) 113 (105 to 119) -1% (-3 to 3) 109 (104 to 127) -3% (-6 to -2) .13

Diastolic (mmHg) 77 (73 to 89) 1% (-2 to 4) 78 (69 to 90) -3% (-4 to 9) .86

aValues are median (interquartile range)
bP value is for the comparison between massage and reading relative changes; values are reported using 
Wilcoxon signed-rank test 
HRV = heart rate variability; HF = high frequency; ICG = impedance cardiography; IL = interleukin; TNF-alpha = 
tumor necrosis factor alpha; TP = total power.
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body areas has been shown to elicit an 
ANS response; head massage in healthy 
adults significantly increased the overall 
ANS activity,(36) while hand and feet mas-
sage in critically ill children significantly 
increased parasympathetic activity.(37) The 
parasympathetic response observed may 
be attributed to the potential stimulating 
effects on vagal afferent fibers, that could 
activate the efferent fibers, and hence cre-
ate the overall PNS response observed.(18) 

However, further randomized clinical 
studies with larger sample sizes are war-
ranted to establish any causal links be-
tween massage and changes in HF. Our 
findings provide a large effect size of 1.12 
for HF from before to after massage. This 
estimate is also robust in that calculating 
it using formulas for repeated measures 
design yields only a slightly more conser-
vative effect size of 1.096.

We observed a reduction of almost two-
fold in blood markers of inflammation post-
massage intervention compared to the 
reading control; however, these differences 
did not reach statistical significance. Our 
pilot study was not powered to test these 
hypotheses, and we did not find similar 

massage, a parasympathetic response, 
indicated by an increase in HF, was ob-
served.(18) As well, massage of other local 
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Table 3. Effect of Massage Intervention and Reading Control on Outcomesa

HRV/ICG Parameters Before Massage 
(n = 9)

After Massage 
(n = 9)

P 
value

Before Reading 
(n = 8)

After Reading 
(n = 8)

P 
valueb

HF (ms2) 185 (112 to 315) 358 (157 to 476) .04 200 (88 to 370) 207 (95 to 531) .78

TP (ms2) 675 (310 to 1910) 868 (662 to 2560) .07 617 (217 to 1346) 807 (294 to 1740) .04

Pre-ejection period (ms) 121 (116 to 126) 123 (116 to 126) .16 119 (115 to 128) 121 (116 to 129) .58

Heart rate (beats/min) 78 (65 to 85) 73 (62 to 85) .07 72 (67 to 91) 73 (64 to 89) .05

Blood Inflammatory 
Markers

Before Massage 
(n = 12)

After Massage 
(n = 12)

P 
value

Before Reading 
(n = 11)

After Reading
 (n = 11)

P 
value

IL-6 (pg/ml) 0.5 (0.4 to 1.1) 0.6 (0.2 to 0.9) .70 0.4 (0.3 to 0.6) 0.4 (0.3 to 0.8) .59

IL-8 (pg/ml) 4.0 (3.2 to 6.7) 3.4 (2.8 to 4.5) .27 3.4 (3.3 to 3.8) 3.3 (3.0 to 3.8) .42

TNF-alpha (pg/ml) 1.8 (1.5 to 2.4) 1.8 (1.4 to 2.2) .12 1.8 (1.5 to 2.0) 1.7 (1.4 to 2.0) .59

Blood Pressure Before Massage 
(n = 12)

After Massage 
(n = 12)

P 
value

Before Reading 
(n = 11)

After Reading 
(n = 11)

P 
value

Systolic (mmHg) 113 (105 to 119) 114 (102 to 118) .67 109 (104 to 127) 106 (100 to 120) .05

Diastolic (mmHg) 77 (73 to 89) 79 (74 to 87) .62 78 (69 to 90) 77 (73 to 89) .79

aValues are median (interquartile range)
bP values are reported using Wilcoxon signed-rank test
HRV = heart rate variability; HF = high frequency; ICG = impedance cardiography; IL = interleukin; TNF-alpha = 
tumor necrosis factor alpha; TP = total power.

Table 4. Hours of Sleep Self-Reported by Individual 
Participants on Night Shift

Participant Before Massage
(T2 or T4)

Before Reading
(T2 or T4)

1 0.7 2.5

2 0.0 0.0

3 3.0 0.8

4 1.5 0.0

5 0.0 0.0

6 1.5 0.0

7 0.0 0.5

8 4.0 Not available 
(lost to follow-up)

9 3.0 1.0

10 0.0 1.5

11 2.0 3.5

12 1.5 2.5
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allowing for comparison of participants 
with themselves to control for confound-
ing covariates. Additionally, five different 
RMTs administered the intervention fol-
lowing one predefined protocol. Although 
this may have created some variation, we 
argue that our procedure provides a more 
pragmatic application of the intervention. 
A limitation of this pilot study is its small 
sample size, which decreases power. Also, 
HRV and ICG were measured after, rather 
than during, massage. The latter procedure 
provides a more accurate measurement of 
the effect of massage; however, the prox-
imity of the RMT’s hand to the electrodes 
created artifacts in the recording and, 
hence, this procedure was not feasible.

CONCLUSION

Although shift work is common and 
necessary in many professions includ-
ing health workers, the adverse effects 
caused by the resulting stress effects are 
substantial and must be addressed to 
improve health and prevent serious long-
term medical complications. In this pilot 
study, we did not observe a statistically 
significant difference when comparing 
the massage intervention to the read-
ing control. However, we did observe a 
significant increase in median HF from 
before massage to after massage, indica-
tive of increased parasympathetic activ-
ity. These results provide potential effect 
sizes to inform larger trials evaluating the 
role of massage interventions in reduc-
ing the stress caused by repeated night 
shift work.
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studies assessing blood markers of inflam-
mation after a massage intervention to be 
able to compare our findings. However, 
a study on the effect of massage on leg 
muscles with exercise-induced damage 
did find production of TNF-alpha and IL-6 
was lower for the leg that received mas-
sage compared to the control leg.(38) Our 
findings are similar with regards to the 
direction of change postmassage.

The Relationship Between ANS Parameters 
& Blood Markers of Inflammation

Our exploratory analyses showed that TP 
has a strong negative correlation with IL-6, 
and both TP and HF displayed strong posi-
tive correlations with IL-8. Similar correla-
tions for TP and IL-6 have been reported 
in two studies investigating patients with 
decompensated congestive heart failure, 
and in depressed patients with coronary 
heart disease.(39,40) It is interesting to note 
that our results in otherwise healthy par-
ticipants who work night shifts indicate a 
similar relationship between TP and IL-6. 
The inverse relationship observed in our 
study between overall ANS activity charac-
terized by TP and IL-6, a pro-inflammatory 
cytokine, may be explained in consider-
ation of the cholinergic anti-inflammatory 
pathway, where increased cytokine pro-
duction in response to stress stimulates 
afferent vagus nerves. This, in turn, leads 
to the inhibition of cytokine release, as well 
as increased HRV via efferent vagus nerve 
activity.(41)

Our study showed a strong positive 
correlation between HF and IL-8, and 
between TP and IL-8. However, two other 
studies reported no association between 
IL-8 and HRV parameters in people liv-
ing with inflammatory conditions such 
as rheumatoid arthritis, fibromyalgia, and 
lupus.(42,43) Although these populations are 
not comparable to healthy adults, to the 
best of our knowledge these are the only 
studies evaluating associations between 
IL-8 and HRV parameters. Further work 
is needed to determine the cause of the 
positive correlation we observe between 
IL-8, a pro-inflammatory mediator, and the 
proxies for parasympathetic activity and 
overall ANS activity.

Strengths and Limitations

The strength of this study is its random-
ized and controlled design, with crossover 
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Appendix B. Heart Rate Variability (HRV) 
and Impedance Cardiography (ICG).

For spectral analysis of HRV and ICG, 
data was collected by a Biopac MP150 data 
acquisition system (Biopac Systems Inc., 
Goleta, CA). HRV is a measure of the vari-
ability in the beat-to-beat heart rhythm 
(R-wave to R-wave in the QRST complex) 
and acts as a proxy for the status of the 
autonomic nervous system.(1) The inter-
actions between the sympathetic nervous 
system (SNS) and the parasympathetic 
nervous system (PNS) can be measured 
through this precise and non-invasive pro-
cedure.(1) Data were recorded in 5-minute 
segments with signals sampled at 500 
Hertz, and were reviewed manually by our 
HRV expert (MSF) for ectopic beats and 
analyzed using AcqKnowledge software 
version 4.2 manufactured by BIOPAC 
Systems Inc. Fast Fourier Transformation 
technique was used to perform frequency 
domain HRV analysis. The following 
frequency bands are reported: high fre-
quency (0.15 to 0.4 Hertz), which is a mark-
er of pure cardiac PNS modulation; and 
total power ( ≤0.4 Hertz), which represents 
an estimate of the overall autonomic nerv-
ous system regulatory ability in coping 
with physiological or non-physiological 
stress.(1) From ICG analysis we obtained 
pre-ejection period, which measures 
the time interval from the onset of the 
electromechanical systole to the onset of 
the opening of the aortic valve and is in-
versely correlated with the SNS influence 
upon the heart.(2,3) Heart rate, under the 
influence of both SNS and PNS, was also 
obtained from ICG analysis.
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APPENDICES

Appendix A. Massage Protocol.

Position subject on massage chair. Shoes 
remain on. No oil used during treatment. 
Treatment:

• 1 min of adaptation
• 2 min: Placement of therapist’s hands 

begins on upper trapezius/upper back 
area with slow, f irm compressions, 
progress with compressions down the 
length of the spine (superior to inferior), 
f irst along spinalis, longissimus and 
iliocostalis muscles.

• 5 min: upper trapezius picking up, deep 
kneading and picking up around scapula 
muscle attachments (rhomboids, trape-
zius, teres major/minor, lat. dorsi), mo-
bilization of the scapula in protraction, 
retraction, elevation and depression

• 4 min: progress from shoulder work on 
one side to same size mid to lower back, 
progressing to opposite size mid to low-
er back, deep kneading along erector 
spinae with pressure focus away from 
spinous processes. Apply firm pressure 
to rib cage at the area of the costover-
tebral joints, alternating right and left 
to encourage movement, working your 
way superiorly and into opposite shoul-
der. Repeat above protocol for shoulder/
upper back area on opposite side.

• 5 min: other shoulder area
• 5 min (each arm: total 10 min): Deep 

kneading and picking up to deltoid, 
biceps brachii, triceps brachii, brachio-
radialis, extensor carpi radials, exten-
sor digitorim, forearm flexors, intrinsic 
muscles of the hand. Passive range of 
motion humeroulnar/ humeroradial 
joint, mobilizations (grade 1/2) of ra-
diocarpal joint, intercarpals, metacar-
palphalangeal and proximal and distal 
interphalangeal joints. 

• 5 min: Deep kneading through levator 
scapula/base of neck area, working into 
posterior neck with deep kneading and 
picking up into posterior neck muscles, 
suboccipitals, progress to head mas-
sage (focus on occipital-frontalis, auric-
ular muscles and temporalis muscles)

• 2 min: Deep compressions f rom 
head down spine to sacrum, sacral 
decompression 30 sec to integrate and 
complete session

• 1 min of post-massage rest
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