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Abstract

Objective: To analyze the thermogenic effects of footbaths with medicinal powders in oncological patients (ON) and
healthy controls (HC). Intervention and Outcomes: Thirty-six participants (23 ON, |3 HC; 24 females; 49.9 = 13.3 years)
received 3 footbaths in a random order with cross-over design: warm water only (WA), warm water plus mustard (MU,
Sinapis nigra), and warm water plus ginger (Gl, Zingiber officinale). Warmth perception of the feet (Herdecke Warmth
Perception Questionnaire, HeWEF) at the follow-up (I0minutes after completion of footbaths, t2) was assessed as
the primary outcome measure. Secondary outcome measures included overall warmth as well as self-reported warmth
(HeWEF) and measured skin temperature (high resolution thermography) of the face, hands and feet at baseline (t0),
post immersion (tl), and follow-up (t2). Results: With respect to the warmth perception of the feet, Gl and MU differed
significantly from WA (P’s <.05) with the highest effect sizes at t| (WA vs Gl, d=0.92, WA vs MU, d=0.73). At t2, perceived
warmth tended to be higher with Gl compared to WA (d=0.46). No differences were detected between ON and HC for
self-reported warmth. With respect to skin temperatures, face and feet skin temperatures of ON were colder (at t0 and
tl, 0.42=d=0.68) and tended to have diametrical response patterns than HC (ON vs HC: colder vs warmer after MU).
Conclusion: Among adult oncological patients and healthy controls, footbaths with mustard and ginger increased warmth
perception of the feet longer than with warm water only. The potential impact of regularly administered thermogenic
footbaths over extended periods merits further investigation for the recovery of cancer-related sense of cold.
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Introduction Much less attention is paid to the acquired symptom of
feeling cold after cancer diagnosis and treatment, although
it is reported by a large percentage of patients with various
types of cancer.? Sense of cold is associated with

Defects in thermoregulation are a frequent cancer-related
complaint causing thermal discomfort.! Those oncological
patients who are affected report excessive overheating simi-
lar to menopausal hot flashes, as well as excessive and per-
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quality-of-life problems, hidden costs arising from the need
for extra heating,' a negative impact on the immune sys-
tem,'" and a higher risk of patients developing disturbances
in sleep behavior.*> Thus, persistently feeling cold might be
linked to a poorer disease prognosis.' These symptoms of
feeling cold are often aggregated with menopausal-like
symptoms induced by treatment.! Although the sense of hot
flashes is often followed by chills,’ the feeling of being cold
can outlast those phases and remain for long periods of
time.! The feeling of being cold might therefore originate
from different pathological thermoregulatory mechanisms.!
Interestingly, it was shown that body temperature corre-
lates with health status, with multimorbid patients having a
lower body temperature than healthy individuals of the
same age.' Mild thermal therapies might help to alleviate
thermal discomfort and to positively influence changes in
immune function."” Foot bathing is a frequently employed
method demonstrated to improve body warmth regula-
tion,31° relieve symptoms of fatigue,'® improve sleep, '’
and decrease sympathetic activity as well as pain inten-
sity.!3 Previous studies suggest prolonged thermal effects
when ginger (Zingiber officinale, GI) or mustard (Sinapis
nigra, MU) were added to warm water footbaths (WA).%
This thermogenic effect might stem from the binding of the
active ingredients of GI (gingerols, shogaols) and MU
(allyl isothiocyanate) to temperature sensitive ion channels
of the transient receptor potential (TRP) ion channel super-
family.!#!® In addition to the potential therapeutic advan-
tages of external applications of GI and MU, both
substances were reported to have cancer preventive and
antiproliferative properties when used as dietary agents.!”"'?
However, little is understood about warming patients with
oncological disease with footbaths containing thermoregu-
latory substances. Moreover, the symptoms of thermal dis-
comfort and their improvement are often underappreciated
and neglected by healthcare providers.! To address these
gaps, our study aimed to investigate and compare the
effects of footbaths containing medicinal powders of MU
or GI on the self-reported warmth perception and measured
skin temperature between oncological patients (ON) and
healthy controls (HC).

Materials and Methods
Study Design

The study was an explorative, randomized, vehicle-con-
trolled, 3-armed trial with a cross-over design comparing
the effects of MU and GI footbaths on psychophysiological
parameters in ON and HC. The sequence in which partici-
pants received all 3 footbath conditions (warm water only,
WA; warm water plus mustard, MU; warm water plus gin-
ger, GI) was randomized, for a total of 6 possible sequences.
Ethical approval was obtained from the ethics committee of

the University of Tiibingen, Germany (no. 690/2015B02).
The study was registered at the US National Institutes of
Health (ClinicalTrials.gov) NCT04271670 and complied
with the CONSORT (Consolidated Standards of Reporting
Trials) guidelines.?’

Study Population

Participants were recruited through posting notices in a
German hospital and through direct contact by the medical
staff of the clinic. Potential participants were screened for
eligibility with the following inclusion criteria: written
informed consent and an age over 18years. Participants
were excluded in case of infectious diseases (core body tem-
perature > 38°C), skin injuries on the lower legs or feet, self-
reported hypersensitivity to MU or GI products, cardiac
arrhythmia, pregnancy, or insufficient knowledge of the
German language. For oncological patient-participants an
additional inclusion criterion was the presence of an acute
oncological disease, and the additional exclusion criteria of
confinement to bed or poor general condition (according to
the assessment of the attending physicians). Prior to the
study, we initially decided to restrict ON age to 18 to 65 years
and to require at least 1 previous chemotherapy or radiation
therapy treatment. However, we abandoned this approach
after trial commencement in order to reach a higher external
validity and included 5 participants with an age over 65 years
as well as 1 participant who had not yet received any chemo-
therapy or radiation therapy. For practical reasons we
planned to include only ON who were currently inpatients
on the oncology ward of a German clinic, with a minimum
stay of 4days. However, to expand the pool of eligible ON
participants, we also enrolled oncology patients who had
shorter hospital stay of 3 days (n=6). Enrolled participants
were asked to refrain from consuming nicotine and coffee
within 3 hours prior to each measurement.

Study Interventions

Each participant received all 3 footbath interventions
according to the randomized sequence. A wash-out period
of at least 1 day was required between 2 consecutive mea-
surements (M=4.60 = 8.05days). Participants  were
instructed to remain in a seated position with unclothed feet
and lower legs during each footbath intervention session.
HC were provided with hospital gowns for this purpose,
while ON wore either hospital gowns or nightgowns. As rec-
ommended for the use of human infrared (IR) applications,?'*?
we endeavored to maintain a stable room temperature
(M=23.77 = 1.81°C) and humidity (M=32.87% %+ 7.59%). In
order to optimize the stabilization of participants’ body tem-
perature, a ten-minute equilibration period was provided.?'??
Footbaths were prepared with 121 of water heated to 40°C
(M=39.95*0.28°C), placed within plastic tubs (water
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depth 15cm). For the experimental conditions (GI, MU),
80 g of prepared powder (Zingiberis rhizome/Sinapis nigrae
semen) were added. After the equilibration period, the par-
ticipants received 1 of 3 footbath intervention conditions,
with a maximum duration of 20 minutes. Participants were
instructed to voice any concerns or discomfort during the
footbaths. To minimize the potential for harm, footbath
interventions were interrupted if and when participants
were uncomfortable. The participants remained in a seated
position for another ten minutes after taking their feet out of
water. Room temperature, humidity, water temperature and
the duration of footbath immersion were monitored for sub-
sequent analyses. All measurements were conducted in the
afternoon and early evening between 12 and 8 pm. For HC,
measurements took place in a laboratory setting, whereas
for ON, measurements were performed in the hospital
patient rooms.

Study Outcomes

The study’s outcome measures were assessed at 3 specific
time-points: directly before the intervention following the
10-minute equilibration period (baseline or t0), directly after
the footbath intervention (post immersion or t1), and 10 min-
utes following the footbath (follow-up or t2). The primary
outcome measure was self-reported warmth perception of
the feet at t2 as assessed with the Herdecke Warmth
Perception Questionnaire (Herdecker Warmeempfindungs-
Fragebogen, HeWEF) in German language.>** This is a
patient self-report questionnaire assessing the currently per-
ceived overall warmth and warmth distribution for up to 24
body parts (HeWEEF state, current) as well as general warmth
(HeWEEF trait, typical) (Cronbach’s o.=.93). Local warmth
perceptions for specific areas are rated on a five-point scale
from 0=cold to 4=hot and were averaged to represent the
body regions feet (items feet and toes), hands (items hands
and fingers) and face (items forehead and cheeks). The rat-
ing for overall warmth is reported as a single item using the
same S-point scale (0=cold to 4=hot). The HeWEF scores
for the warmth perception of the feet (at t1), face (t1 +t2),
and hands (t1 +t2) as well as for overall warmth (t1 +t2)
served as secondary outcome measures. Further secondary
outcome measures were the actual skin temperature of the
feet (dorsum of feet and toes), hands (back and palms of the
hands and fingers), and face (forehead, eye area, inner can-
thus of the eyes, cheeks, nose, mouth, and chin) at t1 and t2,
which were assessed with a high-definition IR camera
(FLIR SC660, FLIR Systems, Wilsonville, Oregon/USA,
image resolution 640 X 480pixels, thermal sensitivity
<30mK). Pictures were taken with a distance of 2m
between camera and skin and were analyzed with the soft-
ware ThermaCAM™,

Participants were interviewed about adverse events
(AEs) at t1 and t2.

Baseline Measurements

The European Organization for Research and Treatment of
Cancer (EORTC) Core Quality of Life Questionnaire
(EORTC QLQ-C30) was used to assess the health-related
quality of life (QoL) in ON and HC. The EORTC is a vali-
dated,? self-report questionnaire in which a global health
status/QoL-score, 5 function scales (physical, role, social,
emotional, and cognitive functions), 3 symptom scales
(fatigue, pain, nausea), and 6 single items scores (dyspnea,
insomnia, appetite loss, constipation, diarrhea, financial dif-
ficulties) are derived from a total of 30 items. All items with
the exception of the QoL-score items (seven-point Likert
scale from 1=very poor to 7=excellent) are answered on a
four-point Likert scale (from 1=not at all to 4=very much).
Based on a linear transformation, each QLQ-30 score
ranges between 0 and 100 (function scales: high=better
level of functioning; symptom scales/items: high=higher
level of problems/symptomatology).2® We further assessed
participants’ general warmth perception (HeWEF trait)
using the question, “How do you generally feel with respect
to body temperature?” (scale from 1 =cold to 5=hot).

Sample Size

Due to the hypothesis-generating character of this study, a
convenience sample of 18 ON and 18 HC was estimated to
be sufficient. We were unable to identify any published
studies examining the effects of footbaths with thermo-
genic substances on psychophysiological parameters in
ON. Vagedes et al® examined the effects of such footbaths
in healthy adults, healthy adolescents and in adolescents
with anorexia nervosa.” However, the perceived intensity
of warmth of the feet and the efficiency of temperature
regulation vary not only with age, but also with health."?’
Kokolus et al' reported that body temperature is lower in
older individuals with various morbidities compared to
young adults and compared to healthy older individu-
als. We decided not to calculate the sample size based on
the study results of younger, healthy individuals®® as ON
might suffer from additional thermal regulatory issues.!
The final number of participants differed from the primary
estimate (23 ON, 13 HC) for two reasons: (1) the demand
to participate among ON was greater than expected, and
(2) we were not able to recruit enough healthy individuals
during the allocated time.

Randomization

Eligible and willing participants were stratified by gender
and randomly assigned to 1 of the 6 possible footbath
sequences (1. MU-WA-GI, 2. MU-GI-WA, 3. WA-GI-MU,
4. WA-MU-GI, 5. GI-MU-WA, and 6. GI-WA-MU). For
this, we prepared sealed, opaque envelopes containing 1 of
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the 6 possible sequences. At the first appointment, partici-
pants drew one envelope in the presence of the nurse
research assistant. The drawn sequence was recorded, and
the participants were assigned a study identification number
(D).

Blinding

Participants and analysts were kept blinded to footbath
condition. We strove to maintain the blinding of the par-
ticipants during each intervention by minimizing visual
and olfactory cues. For this reason, the footbath tub was
covered with towels during the intervention and a room
spray containing essential oils was used. The blinding sta-
tus was queried by asking the participants which olfac-
tory perceptions they perceived predominantly (response
options: MU, GI, eucalyptus, lavender, citrus, and pep-
permint) and by asking, “Which condition did you receive
today?” (response options: WA, MU, GI).

Statistical Analysis

We conducted the statistical analysis with R?® and RStudio.?’
The analysis of the primary and secondary outcome mea-
sures was conducted on an intention-to-treat basis with
imputation of missing values by use of single imputation
based on predictive mean matching (R package: mice®?).
Forty imputed datasets were generated and averaged in
order to obtain single imputation values. A P-value of less
than .05 (two-tailed) was considered to indicate statistical
significance. We first investigated possible asymmetrical
sequence effects (due to the interaction between treatment
and carryover effects) for the primary outcome measure
using the procedure described by Wellek and Blettner.?! For
this purpose, we calculated the (total) sum of all 3 periods
of baseline measurements (HeWEF feet at t0) per subject
and conducted a one-factorial analysis of variance
(ANOVA) with sequence group as the factor. Failing to find
a significant effect within this analysis, the sequence groups
were then pooled together for the analysis of intervention
effects (WA vs MU vs GI).

The primary outcome measure, HeWEF warmth of
feet at t2, was analyzed using a linear mixed-effects
model (R package Ime43?) allowing for health status (ON,
HC), footbath condition (WA, MU, GI), and time (t1, t2)
as fixed effects and participants as a random effect.
Interaction terms between time and health status, time
and footbath condition as well as between health status
and footbath condition were included. The baseline (t0)
measurement of the primary outcome measure and the
baseline room temperature were fitted as covariates. To
verify the choice of covariates, a model selection based
on likelihood ratio statistics, and the Akaike and Bayesian
information criteria (AIC and BIC3?) was performed. For

the post hoc analysis, p-values were estimated from the
model using the package ImerTest** and subjected to a
Bonferroni correction. Cohen’s d effect sizes were calcu-
lated using the model adjusted values. Secondary out-
come measures that were not derived from the primary
analysis are reported descriptively and with mean differ-
ences, 95% CI and Cohen’s d effect sizes (R package:
effsize®®). No statistical tests were conducted to compare
the randomized groups with respect to the baseline mea-
sures. Welch’s unequal variance ¢-tests were used to com-
pare ON and HC with respect to age, BMI, EORTC
QLQ-30, and general warmth (HeWEF trait). Potential
differences in the baseline room temperature, humidity
and water temperature were examined using two-factorial
ANOVAs with health status and footbath condition as the
factors. The duration of footbath immersion was analyzed
using a linear mixed-effects model with health status,
footbath condition and their interaction as fixed effects
and participants as a random effect.

The success of blinding was verified with a Cochran-
Mantel-Haenszel chi-squared statistic. Potential associa-
tions between the footbath conditions MU and GI and
participants’ olfactory perceptions were examined taking
the total number of olfactory perceptions into account as
confounder. Data were crosschecked to assess whether they
conformed to a normal distribution.

Results

Study Population

Between January 15, 2014 and September 18, 2017, 40
adults (13 HC, 27 ON) were screened for eligibility and 36
(90%, 13 HC, 23 ON) of them were randomly assigned to
1 of the 6 sequence groups. The sample consisted of 24
women and 12 men between 26 and 77years of age
(M=49.9 £ 13.3 years) with a mean body-mass-index of
22.73 =3.62kg/m?. Six participants discontinued the
study protocol (HC: n=1, ON: n=5) (Figure 1). The final
cases in each footbath condition were n=35 (HC: n=12,
ON: n=23) for WA, n=33 (HC: n=13, ON: n=20) for
MU, and n=30 (HC: n=12, ON: n=18) for GI. Participants
completed all 3 interventions in a mean total time of
10.43 = 12.17 days (Min=3, Max=53).

The diagnoses and tumor stages of ON are reported in
Table 1. Mean hospital stay was 6.86 = 5.39 days (Min=3,
Max=2T7). During this time, cancer treatments included sur-
gery (n=1), chemotherapy (n=12), radiation therapy
(n=1), immunotherapy (n=3), hyperthermia (n=9) and
mistletoe therapy (n=13). Footbath treatment schedules
were combined with the institution’s standard anthropo-
sophic, holistic care®® including herbal, anthroposophic or
homeopathic remedies (n=19), external applications
(n=13), psycho-oncology therapy (n=9), art therapy (n="7),
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Enrollment

Assessed for eligibility (n=40)

Excluded (n=4)

¢ Participants' request (not
specified, n=4)

* Not meeting inclusion criteria
(n=0)

Randomized (n=36)
[

Allocation
Allocated to intervention (n=36)
¢ Received allocated intervention (n=36)
* Did not receive allocated intervention (n=0)
I I I I I I

a: MU-WA-GI | | b: MU-GI-WA | | c: WA-GI-MU | | d: WA-MU-GI | | e: GI-MU-WA | | f: GI-WA-MU
* ON, n=3 *ON, n=3 *ON, n=4 *ON, n=7 *ON, n=3 * ON, n=3
*HC, n=4 *HC, n=3 *HC, n=1 *HC, n=2 *HC, n=1 * HC, n=2

I I I [ I I
Follow-up
1
Lost to follow-up (n=0)
Discontinued intervention (n=6)
[ [ [ I [ [

a: MU-WA-GI [ | b: MU-GI-WA | | c: WA-GI-MU | | d: WA-MU-GI | | e: GI-MU-WA | | f: GI-WA-MU
* ON, n=0 *ON, n=0 *ON, n=1° * ON, n=4°¢ *ON, n=0 * ON, n=0
*HC, n=12 *HC, n=0 *HC, n=0 *HC, n=0 *HC, n=0 * HC, n=0

Scheduling reasons Medical reasons Patient's réquest (n=2)
(n=1) (n=1) Medical reasons (n=1)
Discharge| (n=1)
Analysis
I
Analyzed (n=36)
Excluded from analysis (n=0)
[ I [ [ [ [
a: MU-WA-GI || b: MU-GI-WA | | c: WA-GI-MU | | d: WA-MU-GI | | e: GI-MU-WA | | f: GI-WA-MU
*ON, n=3 *ON, n=3 *ON, n=4 *ON, n=7 *ON, n=3 * ON, n=3
*HC, n=4 *HC, n=3 *HC, n=1 *HC, n=2 *HC, n=1 * HC, n=2

Figure I. CONSORT flow diagram (WA =water only conditions, MU =mustard added to WA, Gl=ginger added to WA).

2 interventions missing (WA, Gl).
®2 interventions missing (G, MU).

2 interventions missing, n=2 (MU, Gl), | interventions missing, =2 (Gl).
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Table |. Diagnosis of Participants With Oncological Disorders (ON).

Age, BMI, kg/ Metastases at
Sex years m? Diagnosis Initial stage Initial diagnosis study time?
I Female 50 22.68 Anal cancer pT3 pNO cMO 2014 I
2 Female 47 20.08 Breast cancer pT2 pNlacMO 2012 0
3 Female 52 20.18 Breast cancer cT4 cN3 cM| 2005 I
4 Female 67 21.72 Breast cancer pT1b pNO cMO 1996 I
5 Female 58 20.57 Breast cancer pT3 pN3a cMO 2012 |
6 Female 50 25.52 Cervical cancer pTIbpNI cMO 2012 |
7 Female 76 21.05 Colorectal carcinoma pT3 pN2b pMI 2015 |
8 Female 68 32.44 Colorectal carcinoma pT4a pNlc pMI (satellite) 2013 |
9 Female 55 20.02 Colorectal carcinoma unknown 2016 |
10 Male 43 24.90 Colorectal carcinoma pT3 pNlacMO 2016 |
I Female 39 20.68 Gastric cancer cTx cN+ cMI 2016 |
12 Female 54 15.31 Gastric cancer cT3 cN+ cMO 2014 |
13 Male 32 19.45 Lymphoma Stage Il B 2017 0
14 Female 34 24.57 Lymphoma Stage Il EB 2016 0
15 Female 50 20.68 Lymphoma Stage lla 2016 0
16 Male 43 25.66 Neuroendocrine tumor  Stage IV 2017 |
17 Female 54 16.02 Ovarian cancer pT3c pNO Rl cMO 2011 |
18 Male 62 20.83 Pancreatic cancer cT4 cNI cMI 2016 |
19 Male 28 2341 Testicular cancer pT2 cNX cMO 2016 |
20 Male 26 18.21 Testicular cancer pT1 pNx cMO 2016 |
21 Male 37 2543 Testicular cancer pT1 pNx cMO 2015 |
22 Male 62 28.39 Thyroid cancer pT4 pNlacMO 1998 |
23 Female 6l 26.23 Uterine cancer unknown 2014 |

2] =Metastatic tumor. 0=Non-metastatic tumor.

chromotherapy (n=>5), rhythmic massage (n=4), eurythmy
(n=4), and physiotherapy (n=3).

Demographic characteristics were similar between HC
and ON. Significant differences were found on all EORTC
scales with 2 exceptions (the functional scale cognitive
functioning and the symptom scale constipation). HC and
ON did not differ with respect to participants’ general
warmth (HeWEF trait, Table 2), but ON felt significantly
colder at the feet and were objectively measured colder at
the feet and face (Table 3) at t0.

Baseline Room and Footbath Conditions

Baseline measures of study outcomes were similar in all 3
footbath conditions (Table 4). The initial water temperature
of the prepared footbaths did not differ with respect to
health status [F(1,320)<1] or footbath condition
[F(2,320) < 1]. However, the duration of footbath immer-
sion differed significantly with respect to the intervention
received [footbath condition: F(2,284)=130.14, P<.001;
health status: F(1,34)<1; interaction: F(2,284)<1].
Post hoc tests revealed a significantly shorter duration
for MU (M=12.67+=5.11 minutes) compared to GI
(M=16.94 = 3.99 minutes) and WA (M =18.78 = 3.03 min-
utes): MU vs GI #(284)=11.22, P<.001, d=0.93; MU vs

WA  1(284)=15.65, P<.001, d=146; GI vs WA
#(284)=4.43, P<.001, d=0.52. Regarding the initial room
conditions, the ambient temperature differed significantly
between ON and HC [health status: (1,320)=8.61, P<.01,
d=0.34; footbath condition: #(2,329) <1] due to a higher
value in HC (M=24.16*=1.95°C) compared to ON
(M=23.55*1.69°C). No differences were found for
humidity [health status: F(1,320) <1; footbath condition:
F(2,320)=1.08, P=.34].

Analysis of Possible Carry-Over Effects

At tl, the total sum scores for warmth perception of the feet
did not differ between the 6 sequence groups [F(5,30)=2.38,
P=.06]. Thus, the possibility for carry-over effects was
negligible and groups were pooled together with regard to
the intervention received: WA versus MU versus GI (based
on the crossover design: n=36 for WA, MU, and GI).

Model Selection

A model with baseline HeWEF feet (t0) as the only covari-
ate (basic model) was compared to models additionally
considering baseline room temperature, humidity, water
temperature and duration of the footbaths as covariates.
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Table 2. Personal Characteristics of Participants With Oncological Disorders (ON) and Healthy Controls (HC).
HC (n=13) ON (n=23) t P ES

Demographics

Sex female, n (%) 9 (69.23) 15 (65.22) — — —

Age, years 50.00 = 13.96 4991 £13.25 0.02 .99 0.01

BMI, kg/m? 23.42+3.02 22.35+3.93 091 .37 0.29
EORTC quality of life questionnaire (QLQ)-C30 [0-100]
Global health status/Qol? 80.77 =20.02 48.83 £20.47 4.56 <.001 1.57
Physical functioning® 92.85+9.48 67.30 =24.94 4.38 <.001 1.23
Role functioning® 89.77 +21.03 42.48 +£32.53 5.29 <.001 1.63
Emotional functioning?® 79.54+19.07 55.30£24.97 3.27 <.01 1.05
Cognitive functioning? 78.23 =24.94 66.35+25.46 1.36 .18 0.47
Social functioning? 89.77 =23.99 44.52 = 34.20 4.64 <.001 1.46
Fatigue® 29.00 =31.96 57.17 = 30.13 -2.59 .02 0.92
Nausea and vomiting® 1.31 =471 29.39+31.93 -4.14 <.001 1.09
Pain® 6.38 1271 46.22 +£30.82 -5.43 <.001 1.54
Dyspnea® 10.23 £21.03 42.65 £24.08 -4.21 <.001 1.41
Insomnia® 20.38 =21.64 50.13*+31.61 -3.34 <.01 1.04
Appetite loss® 5.08 = 12.39 44.61 £39.45 -4.43 <.001 1.21
Constipation® 7.69 =20.02 21.04 2591 -1.72 0.09 0.56
Diarrhea® 2.54+9.15 36.13+34.21 -4.44 <.001 1.20
Financial difficulties® 2.54+9.15 40.74 £32.77 -5.24 <.001 1.42
Herdecke warmth perception questionnaire (HeWEF trait) [| =cold; 5=hot]
General warmth 3.23+0.93 3.040.82 0.61 0.55 0.22

Note. Data are M = SD if not otherwise indicated (QoL = quality of life, ES=Cohen’s d effect size). Welch’s unequal variance t-tests were used to

calculate t- and P-values.

Bold indicates a P-value <0.05.

2High scores represent a high QolL/ a healthy level of functioning.
®High scores represent high levels of symptomatology.

The AIC, BIC and likelihood ratio statistics pointed to a
better goodness-of-fit for the model with the covariates
baseline HeWEF feet and room temperature. Thus, we
decided to apply this model for analyzing the primary out-
come measure.

Outcomes and Estimations

A total of 9.26% of the HeWEF and IR data were missing
and were imputed.

Primary outcome measure (warmth perception at the feet,
HeWEF). The primary analysis yielded significant main
effects of time [F(1,168)=34.71, P<.001] and footbath
condition [F(2,169)=10.86, P <.001]. These effects were
based 1) on a higher perceived warmth post immersion [t1:
M,;=3.15%0.84,12: M, ;=2.61 =0.84, d,,;=0.64], and 2)
on a significantly higher warmth perception for GI
(M,;=3.13 % 0.78) and MU (M,;=2.90 = 0.79) compared
to WA (M,;=2.61+0.79): WA versus GI, 1(169)=-4.65,
Pag;<0.001, d,,=0.66; WA versus MU, #(170)=-2.55,
P=0.04, d,;,=036; GI versus MU, #(169)=2.09,
Pa=0.11, d,;=0.30. Although the interaction between

footbath condition and time did not reach significance
[F(2,168)=1.21, P=.30], the descriptive analysis revealed
that the differences between GI and WA as well as between
MU and WA were most pronounced at t1 (Table 4). At t2, a
trend toward a higher warmth after GI compared to WA can
be seen (Table 4, Figure 2).

Neither the factor health status [F(1,32)=1.07, P=.31]
nor the interactions between health status and time
[F(1,168)<1] or between health status and footbath condi-
tion [F(2,173)=1.07, P=.35] reached significance. However,
the descriptive analysis showed lower warmth perceptions of
the feet at t0 in ON compared to HC (Table 3). No differences
between HC and ON were seen with respect to the warmth
perception of the feet at t1 and t2 (Table 3) or with respect to
the response to WA, GI and MU (Table 5, Figure 3).

Secondary  outcome  measures  (warmth  perception,
HeWEF). The warmth perception of the face and hands as
well as overall warmth did not differ between HC and ON
at any of the 3 time-points (Table 3, Figure 3) or with respect
to the 3 footbath conditions (Table 5). In addition, no differ-
ences were detected between WA, GI, and MU at the 3
time-points (Table 4).
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Table 3. Mean Differences Between Oncological Patients (ON, n=23) and healthy controls (HC, n=13) as a Function of Time

(Footbath Condition Grouped Together).

HC ON Diff Cl ES
Warmth perception (as assessed by the Herdecke warmth perception questionnaire) [0=cold;4 =hot]
Feet t0 1.84+1.15 1.30£0.87 0.54 (0.12;0.96) 0.55
tl 3.18%+0.79 3.16 2059 0.02 (-0.27;0.31) 0.03
t2 2.62+0.92 2.65+0.83 -0.03 (-0.38;0.33) 0.03
Face t0 2.54+0.65 246 =0.54 0.08 (-0.16;0.33) 0.14
tl 2.57 =06l 2.65+0.59 -0.08 (-0.32;0.16) 0.14
t2 248+0.72 2.67 =056 -0.18 (-0.45;0.08) 0.29
Hands t0 2.360.96 2.24+0.92 0.12 (-0.25;0.50) 0.13
tl 2.51+0.96 2,66 +0.73 -0.15 (-0.51;0.20) 0.19
2 2.45+0.93 261 £0.78 -0.16 (-0.51;0.19) 0.19
Overall warmth t0 2.31 =091 2.12+0.75 0.19 (-0.15;0.53) 0.23
tl 2.77 +0.54 2.75+0.54 0.02 (-0.20;0.23) 0.03
t2 2.69+0.70 2.68+0.62 0.01 (-0.25;0.28) 0.02
Skin temperature (as assessed with a high-resolution IR camera in °C)
Feet t0 3143*+3.12 30.25+2.58 1.18 (0.003;2.35) 0.42
tl 34.03+0.60 33.76 = 0.62 0.28 (0.03;0.52) 0.45
t2 3246 +1.80 31.87*+1.62 0.58 (-0.11;1.28) 0.35
Face t0 34.70 = 0.97 3425+ 1.12 0.46 (0.05;0.87) 0.43
tl 3473 £0.75 34.09*+1.05 0.65 (0.30;0.99) 0.68
t2 34.84+0.83 34.10£1.06 0.74 (0.38;1.11) 0.75
Hands t0 33.62+224 32,69 =3.03 0.93 (-0.09;1.95) 0.33
tl 3349+ 1.87 32.72+2.74 0.77 (=0.11;1.66) 0.31
t2 3336215 32.57 =285 0.78 (-0.18;1.75) 0.30

Note. Data are M = SD (Diff = mean difference, CI=95% confidence intervals, ES=Cohen’s d effect size, t0 =baseline, t| =post immersion, t2 =follow-

up). Bold indicates CI that do not contain zero.

Secondary outcome measures (skin temperature). ON had
significantly colder skin temperature of the face (at t0, tI,
and t2) and of the feet (at t0 and t1) than HC (Table 3, Fig-
ure 3). Moreover, HC and ON showed different responses
to the 3 footbath conditions, which was most pronounced
after MU. For HC, the skin temperature of the face, hands
and feet were highest after MU, whereas it was lowest for
ON after the same condition (Table 5).

Success of Blinding

A total of 98 footbaths (WA: n=35, MU: n=33, GI: n=30)
were administered. After asking the participants to identify
the predominant olfactory perceptions at t0, only one par-
ticipant was able to name the correct ingredient (GI: n=1).
The most frequently reported olfactory perceptions were
citrus (n=>58), eucalyptus (n=11) and lavender (n=23). No
significant associations were found between GI and ginger
olfactory perceptions [Mantel-Haenszel X*(1) <1, P=.78]
or between MU and mustard olfactory perceptions [Mantel-
Haenszel X*(1) <1, P=.98]. At t2, participants named the
correct footbath condition in 55 of 98 possible cases (WA:
n=18, MU: n=22, GI: n=15).

Harms

A total of 31 AEs (t1: n=12, t2: n=19) were recorded.
These included burning sensations of the skin (t1, WA:
n=2, MU: n=3, GI: n=3; t2, GI: n=2), fatigue (t1, WA:
n=1, Gl: n=1; 12, WA: n=2, MU: n=2, GI: n=1), circula-
tory problems (t1, WA: n=1) and a worsening of chemo-
therapy side-effects (2, WA: n=1). All AEs resolved
spontaneously; none required medical intervention.

Discussion

In our randomized controlled trial, we observed a higher
warmth perception of the feet after GI and MU compared to
WA directly after the footbaths. After the 10-minute follow-
up period, the subjective warmth of the feet still tended to
be higher with GI compared to WA, which suggests a lon-
ger-lasting effect of GI. Although, at baseline, ON were
colder (self-reported and measured) at the feet than HC,
footbaths enabled a comparable warming in both oncologi-
cal patients and healthy participants. However, considering
the 3 different footbath conditions, ON, and HC tended to
have different response patterns of body skin temperature.
In ON, skin temperature (at the feet, face and hands) was
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Figure 2. Warmth perception (Herdecke warmth perceptions questionnaire, 0 =cold, 4=hot) and infrared thermography at the face,
hands, and feet at baseline (t0), post immersion (tl) and follow-up (t2) (means with 95% confidence interval).
Note. WA =water only condition; MU =mustard added to WA; Gl=ginger added to water; ON = participants with oncological disorders; HC = healthy

controls.

highest after WA and lowest after MU, whereas in HC, it
was highest after MU (diametrical response).

In this study, ON were not generally colder than HC, but
oncological patients were colder (self-reported and mea-
sured) at the feet potentially indicating a cancer-related
sense of cold.! Although this sense of cold phenomenon has
been often described by breast cancer patients, it was com-
pletely out of therapeutic focus for a long time.?” This might

be related to the fact that feeling cold is a normal, thermo-
regulatory response occurring in the process of thermal
adaption under changing ambient temperature.’” However,
a persistent thermal discomfort despite behavioral efforts
(e.g., change of clothing) may be indicative of an inability
to optimally control body temperature through unconscious
mechanisms (e.g., blood flow patterns).! The latter is trig-
gered by the anterior hypothalamus that receives
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Table 5. Mean Differences Between Oncological Patients (ON, n=23) and Healthy Controls (HC, n=[3) With Respect to the 3

Footbath Conditions WA, Gl, and MU (Time Grouped Together).

HC ON Diff Cl ES
Warmth perception (as assessed by the Herdecke Warmth Perception Questionnaire) [0=cold;4 =hot]
WA Feet 229+1.03 225+ 1.05 0.04 (—0.37;0.45) 0.04
Face 2.45+0.59 2.57 +0.59 -0.12 (—0.35;0.12) 0.20
Hands 2.40+0.96 2.63+0.90 -0.23 (—0.60;0.15) 0.25
Overall 2.58+0.68 252072 0.06 (—0.22;0.34) 0.09
€] Feet 270+ 1.16 251 =1.12 0.19 (—0.27;0.65) 0.17
Face 2.53+0.66 2.61 =058 -0.08 (—0.33;0.17) 0.13
Hands 2.35+0.97 246 +0.75 -0.11 (—0.47;0.25) 0.13
Overall 2.55+0.75 2.49+0.78 0.06 (-0.24;0.37) 0.08
MU Feet 265 1.10 235+ 1.13 0.30 (-0.14;0.74) 0.27
Face 2.62+0.72 2.60 = 0.54 0.01 (—0.25;0.28) 0.02
Hands 2.56 +0.90 241 +0.83 0.15 (—0.20;0.50) 0.18
Overall 2.64+0.84 2.55+0.59 0.09 (—0.21;0.40) 0.14
Skin temperature (as assessed with a high-resolution IR camera in °C)
WA Feet 32.38*+2.53 3220*+2.28 0.17 (—0.80;1.15) 0.07
Face 34.81 =0.79 3433+ 1.07 0.49 (0.13;0.84) 0.50
Hands 3348211 33.04 =271 0.45 (—0.48;1.38) 0.18
Gl Feet 32.28+2.46 32.04+225 0.25 (=0.71;1.20) 0.1
Face 34.55+0.99 3427 £0.82 0.28 (—0.09;0.65) 0.32
Hands 33.00=2.21 32.68*+3.14 0.32 (—0.71;1.35) 0.1
MU Feet 3325+ 1.96 31.64+2.33 1.62 (0.78;2.45) 0.73
Face 3491 =0.75 3383122 1.08 (0.70;1.45) 1.00
Hands 33.98*1.85 32.26+2.70 1.72 (0.84;2.59) 0.71

Note. Data are M = SD (WA =water only condition, MU =mustard added to WA, Gl=ginger added to WA, Diff=mean difference, CI=95% confidence
intervals, ES=Cohen’s d effect size). Bold indicates Cl that do not contain zero.

information about temperature changes by peripheral (skin)
thermoreceptors and internal body temperature sensors.
Autonomic thermodefensive responses aiming at heat con-
servation include cutaneous vasoconstriction and metabolic
or shivering thermogenesis, whereas cutaneous vasodilata-
tion, sweating or panting are natural, analogous responses
for heat dissipation.3%4

Various pathological conditions can be involved in the
establishment of a persistent sense of cold. These include
ineffective heat production mechanisms, which can fre-
quently occur in chronic diseases.’’” Maintaining thermal
equilibrium is energetically costly."*” Thus, the energy base
that is normally available for thermoregulation could be
reduced in chronically debilitated patients, which could fur-
ther lead to thermoregulatory defects such as cold extremi-
ties.! Another potentially contributing condition to thermal
dysregulation is an abnormal pro-inflammatory cytokine
activity (IL-1, IL-6, TNF-a) in cancer patients,"3” which is
not only linked to self-reported feelings of thermal discom-
fort, but also to a number of illness behaviors (e.g., fatigue),
disease stage and progression.! Finally, thermoregulatory
pathologies may occur as therapy-related side-effects.*! In
an animal model, an induction of an immune mediator-reg-
ulated hypothermia in response to harmful exposures was

demonstrated.! Such declines in body temperature act as
defense mechanisms by decreasing the toxin uptake rate
and by limiting its conversion into the active intermediate.'
Rustemova et al® observed that patients had perceptions of
cold feelings in their chests and arms directly after chemo-
therapy, suggesting that chemotherapy is perceived and
treated as a toxin by the human body.! In this study, 52% of
ON received chemotherapy during the study participation,
which may have contributed to their lower body tempera-
ture compared to HC. The lower values for self-reported
warmth in ON may be further related to Endothelin-1 (ET-
1), a peptide hormone that is overexpressed by several can-
cer cell lines'¥7#? and is also released in response to mental
stress.*? Interestingly ET-1 is not only linked to poor prog-
nosis,?” but also can alter temperature detection thresholds
and thermal preferences among patients with cancer.!
Being persistently cold could negatively impact the anti-
tumor immune system potentially amounting to a poorer
disease prognosis.! Thus, energy conserving interventional
strategies such as frequent mild thermal therapies may be
recommended in cancer treatment.! Warm footbaths are a
potent method to induce local vasodilatation,*®* impact the
overall thermal response,®® improve immune status,*
increase the parasympathetic nerve activity,'>*+ and to
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Figure 3. Course of the warmth perceptions (Herdecke warmth perception questionnaire) (A) and skin temperature (infrared
thermography) (B) of participants with oncological disorders (ON) and healthy controls (HC) at the face hands, and feet at baseline
(tl), post immersion (t2) and follow-up (t3). Body template modified from Neubert and Beissner (2019): Hannover Body Template.

figshare. DOI: 10.6084/m9.figshare.7637387.v5 under CC BY 4.0.
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contribute to pain relief in hospitalized cancer patients.'3
Thus, footbaths may impact thermoregulatory mechanisms
in cancer patients in both the short-term (direct effects on
blood flow) and the long-term (indirect effects via immune
system adaptions and promotion of relaxation with decreas-
ing levels of the stress hormone ET-1). Previous studies
have suggested that warm footbaths with or without ther-
mogenic substances cause a comparable increase in body
temperature in healthy adults, adolescents and adolescent
patients with anorexia nervosa.®® However, footbaths with
the addition of the thermogenic agents such as mustard or
ginger led to a higher increase in self-reported warmth with
longer-lasting effects after GI, results observed in non-
oncological subjects.®’ The results of this study are in line
with the previously reported effects of MU and GI, and may
be attributed to the skin penetration of the active ingredients
gingerols, shogaols, and allyl isothiocyanate.*’*® These
ingredients activate cutaneous sensory nerve endings® by
binding to TRP channels'*!'® and through this mechanism
can increase warmth perceptions over warm water alone.
The active ingredients of ginger activate mainly TRPV1
(TRP vanilloid 1),'® which is classified as a heat receptor.'
The active ingredient of MU, however, activates both
TRPV1 and TRPA1 (TRP ankyrin 1)'¢ with the latter being
classified as a cold receptor.!® The differing TRP activation
pattern may explain the slight difference between MU and
GI for self-reported warmth perception. The finding of no
differences between ON and HC with respect to the increase
in self-reported warmth suggests that somatic thermosensi-
tive afferents in ON react normally to the chemical activa-
tion of TRP receptors. Interestingly, local TRPV1 and
TRPAI receptors are also involved in the maintenance of
ET-1-induced allodynia®®*! and pain-like behaviors.’?>
Despite the lack of health status-effect on changes in self-
reported warmth, the response pattern of body temperature
differed between ON and HC depending on the footbath
condition received. The binding of the biological com-
pounds of ginger and mustard to TRP channels precipitates
the release of neuropeptides such as calcitonin gene-related
peptide, which increases local cutaneous blood flow by
inducing myocyte relaxation and vasodilatation.’*** As
body temperature was lowest after MU in ON, this suggests
a differential reaction after TRP binding between ON and
HC. Further research is needed to elucidate the exact mech-
anisms. It remains speculative whether the binding of the
active ingredients of ginger and mustard to TRP channels
may replace ET-1 from TRP binding sites. As ET-1 acts as a
systemic vasoconstrictor,>” a higher proportion of circulat-
ing ET-1 may be involved in the lower body temperature
after MU compared to WA in ON.

In the present study, we strove to maintain stable room
conditions. It is recommended that room temperatures
remain constant between 22°C and 24°C when measuring
skin temperature at the extremities with IR.?'*® Based on the

mean room temperature of 23.77 = 1.81°C and a humidity of
32.87% = 7.59%, it can be assumed that we achieved accept-
able conditions for infrared skin temperature measurements.
However, as the sensation of thermal comfort differs between
individuals,>® we cannot affirm that all participants felt neu-
tral comfort. For ON, the measurements took place in the
hospital patient rooms, where it was more difficult to control
the room conditions, for example, the room temperature
(compared to the laboratory conditions for HC). Room tem-
perature was considered in the primary analysis, but could
have affected the results of the secondary outcome mea-
sures. Moreover, the overall difference in environmental
conditions between a hospital room and a laboratory could
have an impact on warmth perception. Beyond that, water
temperature was not kept constant during the duration of the
footbaths, as in other studies.®?#7% According to
Charkoudian, the degree of local vasodilatation is propor-
tional to water temperature with the highest dilatation occur-
ring at 42°C.>® We applied a lower starting water temperature
(M=39.95=*0.28°C), thus, it remains unclear whether a
higher and constant temperature would have accentuated or
influenced our findings. Although local skin heating can
induce rapid vasodilatation, the central autonomic drive
dominates over external thermal influences.’® Thus, in
mildly hypothermic (oncological) patients, maximum vaso-
dilatation can only be reached when some levels of hyper-
thermia are initially induced.?® In other studies, a temperature
shift on the skin surface was observed after footbaths with
thermogenic substances (increase in foot, decrease in hand
and face skin temperature), which could have originated
from heat dissipation and evaporation from the skin to sur-
rounding environment.***° In the current study, the skin tem-
perature of the hands and face remained nearly constant over
time, which may point to a limited local effect of footbaths
on the body temperature of the treated area.

A study limitation is that we were not able to perform an
exact sample size calculation. Given the small sample size
and the pilot character of the study, the findings should be
interpreted with caution. Due to short inpatient stays and
scheduled hospital procedures, some ON received mistletoe
therapy (IV) (WA: n=3, MU: n=3, GI: n=1) or chemo-
therapy infusion (WA: n=1) on the same day as the footbath
intervention and we cannot estimate their direct influence
on the outcome measures. In addition, the other treatments
that patients received during their hospital stay, such as
hyperthermia, might have had an effect on body tempera-
ture or warmth perception. With respect to the blinding sta-
tus of study’s participants, the majority was able to name
the correct footbath condition at t2. Previous studies®® have
described the same challenges associated with blinding, in
which direct application of mustard and ginger on the skin
probably triggered an unblinding. This could have poten-
tially influenced the assessment of the self-reported param-
eters at t2. Moreover, the questionnaire HeWEF is the only
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available measure to assess self-reported sensations of
warmth,??* although it has limited psychometric support
(article on validity has not been published yet). No internal
validation for our selected statistical model was performed,
which should be carried out in prospective evaluations.
Future investigations should examine the long-term effects
of footbaths on self-reported and measured warmth and
quality of life, the effects of regular footbath applications on
cancer pathogenesis, and work to identify key immune pat-
terns that are related to body temperature changes and ther-
mal discomfort in ON.

Conclusions

There is a great need for thermal therapies that alleviate
oncological patients’ experience of thermal discomfort
without affecting the efficacy of other cancer treatments.!
Footbaths with thermogenic substances increased perceived
warmth of the feet longer than warm water only in cancer
patients and in healthy adults. Footbaths could therefore
serve as a useful adjunctive treatment for the reduction of
cancer-related sense of cold, which can easily and economi-
cally be applied in hospital and home settings.
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