








Figure 4. The effects of nVNS location on the physiological measurements. Graphs show average ratings + standard error of the mean (SEM)
across participants per nVNS stimulation locations, symbols and lines as in Figure 3. The x-axis reflects the factor bin (pre-drink, post-drink bins
1-7). The right panel reflects the change from pre-drink to the average of all post-drink bins. The top panel depicts raw mean gastric frequency
(MGF in mHz), the center panel heart rate variability (rMSSD in ms) and the bottom panel resting energy expenditure (REE in kcal/day). Significant
planned follow-up t-tests are indicated with an asterisk (P < 0.05, Bonferonni corrected for multiple comparisons). For the pre-consumption bin,
significant differences between nVNS locations are indicated with an asterisk. In the post-consumption bins, the inset shows the time-bins that are
significantly different relative to the pre-consumption time bin within nVNS location are indicated with an asterisk. For change from pre-drink to the
average of all post-drink bins the asterisk indicates significant differences from 0 (one-sample t-test).
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The palatable drink is wanted less after nVNS in cymba conchae

After the baseline measurement of nVNS effects, participants were given a straw and instructed
to take a sip of the palatable drink. They were then asked to rate their perception of the drink on
VAS scales, see Figure 4 and Supplementary Table 10 for average (+/- standard error of the
mean) across participants. Regardless of the nVNS location, participants generally like the drink
and are motivated to consume it (ratings fall on average in the positive half of the bipolar VAS
scales). To test for differences in perception and hedonics as a result of location of acute nVNS
in the 15-minute pre-drink stimulation period, we examined the effect of nVNS location on each
of the VAS scales. The drink is not perceived differently as a function of nVNS location, with the
exception of a decreased motivation to consume the drink (“wanting”) after nVNS in cymba
conchae relative to C+T (Supplementary Table 11).

After completing the ratings, participants consumed the remaining amount of the palatable drink.
Then they rated their internal and other state sensations (see Figure 3). Participants were less
hungry, and more full after they consumed the drink, regardless of the location of nVNS
stimulation (see Supplementary Tables 5, 6). However, participants were not differently hungry,
full or thirsty before they fully consume the palatable drink in different sessions with different
nVNS stimulation locations (Supplementary Table 8), nor was there a difference in change from
before consumption of the palatable drink to after consumption of the palatable drinks in
different sessions (Supplementary Table 6).

These results show that acute nVNS in cymba conchae affects motivation to consume a drink,
while other perceptual aspects of the drink, as well as internal state and other ratings are
unaffected.
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Figure 5 Participants’ perception of the palatable drink as a function of nVNS stimulation on the ear.
Graphs show average ratings * standard error of the mean (SEM) across participants per nVNS
stimulation location (on the x-axis). The nVNS stimulation locations are indicated with different symbols,
open circles - sham/ear lobe, gray circles - cymba conchae, gray square - tragus, black square - cymba
conchae and tragus. The different sensations that were rated on VAS scales are in separate graphs,
labeled on the y-axis. Significant planned follow-up t-tests are indicated with an asterisk (P < 0.05,
Bonferonni corrected for multiple comparisons).

After consumption of a palatable drink and with continued nVNS stimulation resting
energy expenditure increases in all nVNS locations and heart-rate variability decreases in
all nVNS locations except cymba conchae

The middle panel of each graph in Figure 2 shows the average (+/- standard error of the mean)
of each physiological measure across participants in each of the post-drink consumption bins
(up to 35 minutes). The right panel of each graph shows the change from pre-drink to the
average of all post-drink bins. To test whether acute nVNS affects the physiological measures,
we examined the effect of nVNS location and bin (pre-drink, post-drink bins 1-7) on rMSSD,
MGF and DIT. We conducted planned follow-up t-test comparisons of the pre-drink bins relative
to each of the post drink bins for each nVNS location. We also conducted planned follow-up one
sample t-tests against 0 to test whether there was a change for the average of the post-
consumption time bins relative to the pre-consumption bin. Regardless of location, we observed
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for both rIMSSD and REE a change from pre- to post-drink bins (Table 1, right panel of Figure 2).
For rMSSD, there was generally a decrease in post-drink consumption bins (i.e. decreased
heart-rate variability) and for REE there was generally a robust increase in post-drink
consumption bins (Table 3). For MGF, we observed no changes from pre- to post-drink
consumption (no main effect of bin, Table 1), except for a small increase for nVNS in tragus
(Table 3). For MGA we observed a main effect of bin. We note that this effect seems driven by a
modest increase in the timepoints 20-35 minutes post-consumption (which was most
pronounced for cymba conchae), but planned follow-up tests did not survive correction for
multiple comparisons. We observed no main effect of nVNS location on any of the physiological
measures (Table 1). However, we did observe an interaction between nVNS location and bin for
rMSSD, such that rMSSD decreased for several bins of post-drink consumption in all nVNS
locations except for cymba conchae (Table 3). In cymba conchae, rMSSD of the post-drink
consumption bins were not significantly different from the pre-drink consumption bin.

To assess the role of changes in internal and other states, we examined planned follow-up
t-tests on VAS ratings and observed that participants were not differently hungry, full or thirsty
(or anything else) at the end of the test-session with respect to different nVNS stimulation
locations (Supplementary Table 9).

These results show that nVNS in cymba conchae does not lead to a decrease in heart-rate
variability after consumption of a drink, while the other locations including the control condition
do show a decrease after consumption.
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Table 3
Planned comparison p-values for t-tests for separate post-consumption time bins relative to pre-consumption within location of nVNS stimulation

measure | locati | 1-5 min vs pre 6-10 min vs pre | 11-15 min vs 16-20 min vs 21-25 min vs 26-30 min vs pre 30-35 min vs pre A pre - y post
ment on pre pre pre
mean P mean P mean P mean P mean P mean P mean P T p
(+/-sd) (+/-sd) (+/-sd) (+/-sd) (+/-sd) (+/-sd) (+/-sd)
MGF sham 46.46 ns 47.14 ns 47.49 ns 48.55 ns 46.84 ns 49.38 ns 48.14 ns 1.385 ns
(7.08) (6.82) (7.27) (4.36) (5.93) (5.54) (6.75)
C 46.69 ns 46.56 ns 47.97 ns 48.79 ns 47 .44 ns 48.28 ns 48.14 ns -0.529 ns
(9.79) (6.99) (7.43) (8.08) (9.37) (7.60) (8.42)
T 48.74 ns 49.85 ns 49.37 ns 49.97 .047 | 49.44 ns 48.02 ns 49.53 ns 2.583 0.023
(4.85) (5.67) (5.09) (4.93) (7.28) (6.66) (5.43)
CT 45.08 ns 46.48 ns 46.41 ns 45.91 ns 44 .87 ns 44.93 ns 47.25 ns -0.152 ns
(5.63) (4.86) (5.70) (6.30) (6.00) (5.85) (4.83)
MGA sham | 353.03 ns 435.37 ns 485.61 ns 321.7 ns 528.7 ns 362.51 ns 398.34 ns -0.28 ns
(180.61) (335.14) (431.82) (210.48) (496.89) (219.2) (259.77)
C 335.49 ns 321.22 ns 303.51 ns 344.94 ns 596.5 ns 532.87 ns 611.52 ns 1.258 ns
(223.47) (164.41) (239.37) (268.73) (888.55) (609.6) (884.36)
T 372.39 ns 333.35 ns 414.79 ns 458.15 ns 506.2 ns 466.23 ns 408.74 ns 1.507 ns
(189.51) (194.1) (310.21) (334.28) (376.27) (380.55) (251.4)
CT 435.23 ns 469.08 ns 375.35 ns 470.1 ns 500.58 ns 645.84 ns 485.13 ns -0.042 ns
(329.62) (396.99) (340.4) (500.74) (328.52) (667.78) (315.4)
rMSSD sham 73.57 ns 74.55 ns 69.33 .029 | 68.54 .025 | 61.13 .006 58.52 .004 65.45 .014 -2.567 0.023
(64.30) (58.24) (57.12) (49.96) (42.94) (39.88) (41.53)
C 85.67 ns 78.61 ns 71.95 ns 61.59 ns 58.65 ns 63.75 ns 64.10 ns -1.094 ns
(73.27) (63.41) (55.99) (42.40) (42.39) (35.16) (39.35)
T 79.93 ns 70.03 .032 | 61.91 .007 | 60.37 .005 | 58.86 .004 60.45 .005 58.64 .004 -2.804 0.015
(69.15) (64.99) (52.55) (37.97) (39.25) (40.19) (37.72)
CT 75.43 .008 74.05 .007 | 65.08 .001 | 63.08 .001 | 56.89 <.001 | 62.10 <.001 56.44 <.001 -2.724 0.017
(56.06) (56.70) (46.83) (42.69) (37.65) (36.46) (33.38)
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REE

sham | 1509.36 |.016 | 145506 |ns | 147461 | ns | 1531.78 | .003 | 1583.98 | <.001 | 1588.36 | <.001 | 1572.48 | <001 | 7.5529 | <.001
(238.41) (244.23) (224.82) (250.95) (221.51) (237.07) (236.97)

c 154116 | .024 | 1519.95 |ns | 154751 | .014 | 1559.87 | .005 | 1594.76 | <.001 | 1599.56 | <.001 | 1587.52 | <.001 | 8.261 <.001
(300.27) (265.98) (269.69) (254.30) (288.86) (260.75) (257.12)

T 1533.81 | ns 1523.34 |ns | 1554.02 | .039 | 1590.61 | .002 | 1608.27 | <.001 | 1627.87 | <.001 | 1638.11 | <001 | 5884 | <.001
(336.37) (284.69) (287.71) (277.41) (271.79) (262.06) (266.16)

cT 1527.74 | .006 | 149859 |ns | 1526.58 | .006 | 1571.97 | .003 | 1614.35 | <.001 | 161529 | <.001 | 1609.44 | <.001 | 6.718 | <.001
(292.63) (270.47) (274.89) (269.60) (266.68) (257.57) (250.92)
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Discussion

The aim of this study was to compare the effect of different stimulation locations in the outer ear
for nVNS during hungry and full states on proxies for autonomic outflow and efferent
metabolism: heart-rate variability, gastric frequency and amplitude, and REE. In agreement with
our first prediction, we observed that nVNS in cymba conchae (but not in tragus and the
combination of cymba conchae + tragus) modulated autonomic outflow as expressed by
heart-rate variability. More specifically, nVNS in cymba conchae decreased heart-rate variability
in a hungry state. Additionally, while heart-rate variability decreased in the other stimulation
locations post-drink consumption, it did not change from pre- to post-drink consumption with
nVNS in the cymba conchae location. REE and gastric frequency did not show effects of
stimulation location. Gastric amplitude showed a trend to increase late postprandially with nVNS
in the cymba conchae.

Fasting increases heart-rate variability, and food consumption decreases heart-rate variability
[41]. As we observed a pre-drink decrease with nVNS in cymba conchae and a lack of a
post-drink decrease in heart-rate variability (which was consistently observed in the sham and
other conditions), we suggest that nVNS in cymba conchae affects heart-rate variability in a
similar manner as food consumption does. Intriguingly, we also observed a decrease in
pre-drink motivation to consume the drink (“wanting”) after nVNS in cymba conchae. This is in
agreement with the observation that nVNS increases drive to obtain less-wanted prospective
food rewards [22] and increases liking of less-liked low-fat puddings [21]. Other studies have not
shown effects of increases in liking or wanting of food (images) in healthy controls [42,43].
Perhaps effects of nVNS vary as a function of food stimulus saliency, which is presumably
higher when it is sufficiently proximal (in the mouth) [21] or the object of a goal-directed task
[22]. Taken together, we speculate that nVNS may modulate primarily motivation for a proximal
food reward. Future studies may focus on comparing effects of nVNS on orally sampled foods
relative to food images.

We observed a robust increase in resting energy expenditure post drink-consumption, which is
the expected thermic effect of food. However, no interaction with the location of nVNS was
observed. In previous reports, a lack of effect of nVNS on REE (in the absence of food
consumption [24], and a lack of an effect 160 minutes post glucose-drink consumption [25] have
been observed. Our current results extend these previous findings to the time-frame of the
thermic effects of food in the cephalic and early phases of digestion (0-35 minutes post
consumption).

We observed no effect of drink consumption or location of nVNS on gastric frequency. Gastric
frequency is generally relatively unaffected by food consumption [44], however a previous report
showed that nVNS in cymba conchae reduces gastric frequency in a fasted resting state [24].
We do not replicate this effect, although our sample size may have been too small to observe
subtle effects. Gastric amplitude generally increases postprandially in healthy participants [44].
We observed a small increase in gastric amplitude post-drink consumption (in later portions of
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the measurement) with nVNS in cymba conchae.The direction of this effect is in agreement with
the effect on heart-rate variability and wanting; an effect that is normally observed with
food-consumption is induced or enhanced with nVNS in cymba conchae. As gastric activity is
depressed with sleep [45], it is possible that the increased sleepiness of participants towards the
end of the sessions decreased our ability to observe effects on electrogastrogram. We
recommend the use of entertainment for the participant in the form of low-arousal media
consumption, such as listening to an audio-book or watching a documentary, to reduce
sleepiness and increase sensitivity to gastric activity in future postprandial studies.

Our second prediction was that if the vagally innervated areas of the outer ear in cymba
conchae and tragus are functionally equivalent, we should observe that stimulation of the
combination of cymba conchae + tragus leads to effects in the same direction (relative to sham
in ear lobe) and of a magnitude that is equal or greater than the separate locations in cymba
conchae or tragus, but not smaller. We did not consistently observe differences for the
combined location (as well as tragus alone) relative to earlobe. When taken together with mixed
directions of the effect relative to earlobe, we find inconclusive evidence towards the
equivalence of the vagally innervated areas of tragus and cymba conchae. This also indicates
there may be no advantage to stimulating both locations simultaneously, at least not when the
goal is to affect outcomes related to food reward and metabolism .

There are a few limitations to this study. We had a relatively small sample size, which was
sufficient to detect robust effects of for example postprandial increases in REE, but it is possible
some more subtle effects were missed. It is unclear if the stimulation parameters used here
(chosen by convention of use in most studies in the literature) are optimal for stimulation of the
vagus nerve and for affecting outcomes related to food reward and metabolism. The palatable
drink was always consumed after about 20 minutes of baseline nVNS stimulation, so it is not
clear how nVNS onset simultaneously with onset of drink consumption would affect the
variables measured here. While we optimized the study design for a long post-drink
measurement, we could not measure the full intended 45-60 minutes for all participants. We
asked participants to void their bladder immediately before the session and we offered a
comfortable bed and continued monitoring comfort throughout the session. However, some
sessions were not completed for the full duration due to an urgent need to urinate. Also, while
participants were comfortable, they also grew sleepy, which may have negatively affected our
ability to measure electrogastrogram.

In sum, we show that nVNS -- in cymba conchae only -- affects autonomic outflow as reflected
by heart-rate variability in a hungry state, which was accompanied by a decrease in wanting of a
prospective palatable drink.. After consumption of the drink, nVNS in the other stimulation
conditions (including sham stimulation) show the canonical post-prandial decrease in heart-rate
variability, which is absent for nVNS in the cymba conchae. With nVNS in cymba conchae we
also observed a trend for increased gastric amplitude in the late time-points post-drink
consumption. We observed no effects of nVNS location on gastric frequency or resting energy
expenditure. The direction of effects of tVNS in cymba conchae are in agreement, in that they
are all normally observed with food-consumption, and that in the current paper they each were
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induced (pre-consumption) or enhanced (post-consumption) with nVNS in cymba conchae. We
conclude that nVNS in cymba conchae may act primarily on vagal afferent autonomic and only
modestly on metabolic outputs in a similar way as food consumption does. nVNS may thus
specifically continue to be explored for treating overeating and/or supporting diet-based
weight-loss programs.
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Supplementary Table 1

Descriptive statistics of nVNS stimulation in amplitude expressed as 0-100% of 20 mA per location

Sham C T CcT
mean (+/-sd) mean (+/-sd) mean (+/-sd) mean (+/-sd)
Percentage of 20 mA 13.96 (4.19) 35.85 (18.85) 34.15 (14.24) 25.89 (10.47)

Supplementary Table 1

Planned comparison t-tests for effect of location

Sham C T CcT
Sham .
C <.001 . .
T <.001 ns ns
CcT 0.024 ns ns ns

*Bonferroni corrected for 6 comparisons
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Supplementary Table 3

Descriptive statistics of perceptual ratings of nVNS stimulation per location

VAS label Sham C T CcT

mean (+/-sd) mean (+/-sd) mean (+/-sd) mean (+/-sd)
Intensity 54.95 (21.21) 59.82 (19.49) 56.91 (9.42) 57.18 (19.19)
Pleasantness 4.04 (8.11) -4.36 (11.58) -4.64 (14.02) -2.55(8.01)
Sting 7.17 (18.25) 21.11 (18.75) 23.29 (25.38) 10.26 (21.52)
Burn 2.38(5.39) 4.12 (4.78) 11.73 (20.96) 4.79 (15.94)
Tingle 26.03 (29.47) 30.85 (25.87) 35.9 (26.56) 22.87 (17.76)
ltching 8.89 (18.79) 11.28 (16.65) 12.49 (20.31) 13.96 (26.67)
Vibration 57.92 (25.21) 61.71 (22.32) 61.86 (17.24) 55.29 (25.37)

Supplementary Table 4

Statistics of ANOVA of effect of location on perceptual ratings of nVNS stimulation

VAS label F (3,36) P-value n? Significant post-hoc comparisons (P-
value) *

Intensity 0.269 0.847 0.022 NA

Pleasantness 2.525 0.073 0.174 NA

Sting 5.469 0.003 0.313 Lvs C(.031), Lvs T (.011), T vs CT (.041)
Burn 1.995 0.132 0.143 NA

Tingle 0.938 0.433 0.072 NA

Itching 0.187 0.904 0.015 NA

Vibration 0.558 0.646 0.044 NA

*Bonferroni corrected for 6 comparisons
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Supplementary Table 5

Statistics of ANOVA of internal and other state ratings

Scale Effect of time Effect of location Interaction time*location

Hunger F(2,22) = 3.006, p = F(3,33)=1.713,p = F(6,66) = 0.5, p = 0.806, n* =
0.07,n2=0.123 0.183,n2=0.035 0.007

Fullness F(2,22) = 4.566, p = F(3,33)=0.121,p = F(6,66) = 0.571, p = 0.752, n?
0.022,n2=0.124 0.947, n? = 0.004 =0.011

Thirst F(2,22)=2.316,p = F(3,33)=0.476, p = F(6,66) = 0.344, p = 0.911, n?
0.122, n?> = 0.068 0.701,n2=0.015 =0.008

Need to pee F(2,22) =21.325,p = F(3,33) =0.894, p = F(6,66) = 0.524, p = 0.788, n?
<.001, n2=0.208 0.455, n?=0.017 =0.021

Tiredness F(2,22) =4.938,p = F(3,33) =0.408, p = F(6,66) = 1.085, p = 0.381, n?
0.017,n2=0.079 0.748, n?=0.017 =0.024

Sleepiness F(2,22) =9.299, p = F(3,33)=0.313,p = F(6,66) = 0.328, p=0.92,n? =
0.001,n2=0.234 0.816, n? = 0.007 0.007

Stress F(2,22) =1.694, p = F(3,33)=1.412,p = F(6,66) = 1.937, p = 0.088, n?
0.207, n2=0.009 0.257, n?> = 0.059 =0.063

Comfort F(2,22) =4.457,p = F(3,33) =0.525, p = F(6,66) = 0.454,p=0.84,n=
0.024, n2=0.083 0.668,n2=0.014 0.016

Temperature F(2,22) = 4.842, p = F(3,33)=1.472,p = F(6,66) = 0.745, p = 0.615, n?
0.018, n2=0.076 0.24,n*>=0.038 =0.027

Canopy F(2,22) = 2.667, p = F(3,33) =1.109, p = F(6,66) = 0.473, p = 0.826, n?

temperature 0.092, n?=0.095 0.359,n?=0.019 =0.012

Canopy air F(2,22) =0.376, p = F(3,33)=1.132,p = F(6,66) = 1.291, p = 0.273, n?
0.691,n?>=0.016 0.35, n?=0.027 =0.023

Supplementary Table 6

Planned comparison p-values for t-tests for interaction time and location of nVNS on internal and other

state ratings

VAS label Location | Pre-session | pre-session vs A pre vs post drink**
vs post post session*
drink*
Post- Post- Post- Post-
hoc vs hocvs | hocvs | hocvs
sham* C T CT
Hunger All ns ns
locations
Sham ns ns
Cc ns ns ns
T ns ns ns ns
CT 0.045 ns ns ns ns
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Fullness All .023 ns

locations

Sham ns ns

C ns ns ns

T 0.010 ns ns ns

CT ns ns ns ns ns
Thirst All ns ns

locations

Sham ns ns

C ns ns ns

T ns ns ns ns

CT ns ns ns ns ns
Need to pee | All ns <.001

locations

Sham ns 0.006

C ns ns ns

T ns 0.042 ns ns

CT ns ns ns ns ns
Tiredness All ns .04

locations

Sham ns ns

C ns ns ns

T ns 0.022 ns ns

CT ns ns ns ns ns
Sleepiness All ns 0.001

locations

Sham ns 0.030

C ns ns ns

T ns 0.019 ns ns

CT ns 0.015 ns ns ns
Stress All ns ns

locations

Sham ns ns

C ns ns ns

T ns ns ns ns

CT ns ns ns ns ns
Comfort All ns 0.035

locations

Sham ns ns

C ns ns ns

T ns ns ns ns

CT ns ns ns ns ns
Temperature | All 0.029 0.037

locations

Sham ns ns

C ns ns ns

T ns ns ns ns

CT ns ns ns ns ns
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Canopy All ns ns
temperature | locations

Sham ns ns

C ns ns ns

T ns ns ns ns

CT ns ns ns ns ns
Canopy air All ns ns

locations

Sham ns ns

C ns ns ns

T ns ns ns ns

CT ns ns ns ns ns

*Bonferroni corrected for 2 comparisons
**Bonferroni corrected for 6 comparisons

Supplementary Table 7

Planned comparison p-values for t-tests for effect of location of nVNS on internal and other state ratings
at the pre-baseline time-point only

VAS label Location Pre baseline*
T-test vs sham* T-test vs C T-testvs T T-test vs CT

Hunger Sham .

C ns .

T ns ns .

CT ns ns ns
Fullness Sham .

C ns .

T ns ns .

CT ns ns ns
Thirst Sham .

C ns .

T ns ns .

CT ns ns ns
Need to pee | Sham .

C ns .

T ns ns .

CT ns ns ns
Tiredness Sham .

C ns .

T ns ns .

CT ns ns ns
Sleepiness Sham .

C ns .

T ns ns .

CT ns ns ns
Stress Sham .

C ns .

T ns ns .

CT ns ns ns
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Comfort Sham .
C ns .
T ns ns .
CT ns ns ns
Temperature | Sham .
C ns .
T ns ns .
CT ns ns ns
Canopy Sham
temperature
C ns .
T ns ns .
CT ns ns ns
Canopy air Sham .
C ns .
T ns ns .
CT ns ns ns

*Bonferroni corrected for 6 comparisons
Supplementary Table 8

Planned comparison p-values for t-tests for effect of location of nVNS on internal and other state ratings
at the post drink-consumption time-point only

VAS label Location Post drink-consumption*
T-test vs sham T-testvs C T-testvs T T-test vs CT

Hunger Sham .

C ns .

T ns ns .

CT ns ns ns
Fullness Sham .

C ns .

T ns ns .

CT ns ns ns
Thirst Sham .

C ns .

T ns ns .

CT ns ns ns
Need to pee | Sham .

C ns .

T ns ns .

CT ns ns ns
Tiredness Sham .

C ns .

T ns ns .

CT ns ns ns
Sleepiness Sham .

C ns .

T ns ns .

CT ns ns ns
Stress Sham .

C ns .

T ns ns
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CT ns ns ns
Comfort Sham .

C ns .

T ns ns .

CT ns ns ns
Temperature | Sham .

C ns .

T ns ns .

CT ns ns ns
Canopy Sham
temperature

C ns .

T ns ns .

CT ns ns ns
Canopy air Sham .

C ns .

T ns ns .

CT ns ns ns

*Bonferroni corrected for 6 comparisons
Supplementary Table 9

Planned comparison p-values for t-tests for effect of location of nVNS on internal and other state ratings
at the post session time-point only

VAS label Location Post session*
T-test vs sham T-testvs C T-testvs T T-test vs CT

Hunger Sham .

C ns .

T ns ns .

CT ns ns ns
Fullness Sham .

C ns .

T ns ns .

CT ns ns ns
Thirst Sham .

C ns .

T ns ns .

CT ns ns ns
Need to pee | Sham .

C ns .

T ns ns .

CT ns ns ns
Tiredness Sham .

C ns .

T ns ns .

CT ns ns ns
Sleepiness Sham .

C ns .

T ns ns .

CT ns ns ns
Stress Sham .

C ns
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T ns ns .

CT ns ns ns
Comfort Sham .

C ns .

T ns ns .

CT ns ns ns
Temperature | Sham .

C ns .

T ns ns .

CT ns ns ns
Canopy Sham
temperature

C ns .

T ns ns .

CT ns ns ns
Canopy air Sham .

C ns .

T ns ns .

CT ns ns ns

*Bonferroni corrected for 6 comparisons
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Supplementary Table 10

Descriptive statistics of perceptual ratings of the palatable drink per location

VAS label Sham C T CcT

mean (+/-sd) mean (+/-sd) mean (+/-sd) mean (+/-sd)
Liking 22.82 (20.11) 19.67 (22.03) 27.19 (15.11) 29.14 (20.34)
Wanting 71.86 (30.31) 58.54 (37.34) 66.51 (35.49) 75.29 (26.32)
Intensity 57.68 (13.03) 54.47 (15.42) 61.11 (11.33) 62.66 (17.35)
Sweetness 61.12 (8.81) 60.58 (14.47) 63.64 (10.63) 63.54 (14.23)
Sourness 3.83 (6.65) 1.02 (2.20) 2.04 (4.01) 1.35(2.31)
Bitter 1.84 (3.45) 0.63 (1.71) 0.58 (1.39) 1.17 (2.62)
Creamy 51.44 (22.43) 52.97 (21.78) 53.76 (24.95) 47.51 (25.88)
Fatty 54.44 (20.06) 49.37 (20.75) 49.22 (22.53) 48.68 (20.63)
Other 49.21 (24.55) 44.55 (29.4) 53.43 (27.07) 50.45 (26.38)
Familiarity 35.36 (17.50) 37.36 (15.98) 39.11 (12.13) 38.59 (16.99)
Calorie 50.26 (13.85) 54.08 (20.38) 61.54 (16.98) 59.91 (18.47)
Healthy 2.46 (9.43) 4.06 (9.41) 6.67 (13.97) 1.56 (9.36)

Supplementary Table 11
Statistics of ANOVA of perceptual ratings of the palatable drink per location
VAS label F(3,33) p n? Significant post-
hoc comparisons
(P-value) *

Liking 2.69 0.062 0.196 NA
Wanting 3.72 0.021 0.253 Cvs CT (.022)
Intensity 1.004 0.403 0.084 NA
Sweetness 0.375 0.772 0.033 NA
Sourness 1.669 0.193 0.132 NA
Bitter 1.109 0.359 0.092 NA
Creamy 0.358 0.784 0.031 NA
Fatty 0.365 0.779 0.032 NA
Other 0.339 0.797 0.03 NA
Familiarity 1.019 0.397 0.085 NA
Calorie 2.261 0.100 0.170 NA
Healthy 1.702 0.186 0.134 NA

*Bonferroni corrected for 6 comparisons
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