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INTRODUCTION

CONCLUSION REFERENCES

RESULTS

• Perceptual sensitivity improved during nose breathing

• However, hit rates were not higher during late inspiration 

and early expiration

• Instead decreased at expiration-to-inspiration transition

• Subjective reports of disturbed mouth breathing flow

• Task allowed less for breathing alignment to trial sequence

• Hardware less precise (0.1 mA)

• Perceptual sensitivity improved during cardiac diastole

→ Future improvements
• Block order & length: 

alternating conditions; 

shorter in length

• Threshold: online staircase, 

detection probability ↑, 

• N (catch trials) ↑

• Refinement of 

breathing control

• Electroencephalography

• Evidence exists that breathing influences rhythmic brain activity 

and cognitive function. A central role has been attributed to the 

nasal pathway. Here, (rhythmic) sensory input in the nasal cavity 

(1) modulates neural activity at breathing rate and has been shown 

to (2) entrain faster oscillations [1, for review].

• In fact, agents adjust their breathing to task demands [2], and 

perceptual thresholds vary across the respiratory cycle with 

beneficial effects during late inspiration [3] to early expiration [2]. 

Similarly, it has been shown that alpha power fluctuates across the 

cycle [3], a proxy for cortical excitability, that was found to predict 

perceptual performance prior to stimulus presentation [3,4,5,6].

• Similar to breathing, perceptual sensitivity varies across the cardiac 

cycle, namely being improved during late cycle, i.e. diastole [2,6].

Research questions

• Are we more sensitive to weak somatosensory stimuli during 

nose (compared to mouth) breathing, i.e. better in detecting them?

• Does detection performance vary across the respiratory cycle? 

If so, differentially by breathing route?

• Is our perceptual sensitivity indeed improved during cardiac 

diastole? If so, is this effect altered by respiratory fluctuations?

Hypotheses

• Better performance* under nose breathing

• Better performance* during late nasal inspiration/ early expiration

• Better performance* at stimulation during cardiac diastole 

• No change in response criterion

* Higher hit rate and perceptual sensitivity (dprime)
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t(14) = 4.68, p < 0.01, d = 1.13

B10 = 95.49 – strong evidence for H1

t(14) = 0.40, p = 0.70

B10 = 0.28 – moderate evidence for H0

t(14) = -1.62, p = 0.13

B10 = 0.76 – anecdotal evidence for H0

H0: µNOSE = µMOUTH

H1: µNOSE ≠ µMOUTH

N = 15
N = 21 (14 female, 7 male, 0 diverse)

• 23.5 ± 3.09 years of age

• Ø neurological, psychiatric, 

respiratory or cardiac disease

• non-smoking & low consumption profile

Criteria (behavioural analysis) 

• Detection RT > 100 ms

• 10 % < Hit rate < 90%

Hit rate > FA rate

FA rate < 40%

diff (Hit rate – FA rate) > 5%

in line with [7,8]

• 11 female, 4 male

• 23.4 ± 2.69 years of age

Resting state (4 min) vs. Task

Cardiac cycle
sys dia

t(14) = -2.54, p = 0.01, d = 0.66

B10 = 5.51 – moderate 

evidence for H1

t(14) = -2.53, p = 0.01, d = 0.65

B10 = 5.41 – moderate 

evidence for H1

t(14) = -1.42, p = 0.18

B10 = 0.61 – anecdotal 

evidence for H0

H0: µSYS ≥ µDIA

H1: µSYS < µDIA

H0: µSYS ≥ µDIA

H1: µSYS < µDIA

H0: µSYS = µDIA

H1: µSYS ≠ µDIA

Respiratory route x cycle

Respiratory route

H0: µNOSE = µMOUTH

H1: µNOSE ≠ µMOUTH

H0: µNOSE ≤ µMOUTH

H1: µNOSE > µMOUTH

H0: µNOSE ≤ µMOUTH

H1: µNOSE > µMOUTH

H0: µNOSE ≥ µMOUTH

H1: µNOSE < µMOUTH

t(14) = 1.16, p = 0.13

B10 = 0.80 – anecdotal evidence for H0

W = 27, p = 0.18

B10 = 0.48 – anecdotal evidence for H0

t(14) = 1.78, p < 0.05, d = 0.46

B10 = 1.75 – anecdotal evidence for H1

t(14) = -0.18, p = 0.86

B10 = 0.27 – moderate evidence for H0

Route: F(1, 14) = 1.30, p = 0.27; Stim degree: F(2.15, 30.09) = 4.1, p = 0.02*, pes = 0.23; 

RxS: F(3, 42) = 0.08, p = 0.97; pairwise comparisons fdr-corrected.

Stim_degree: B01 = 1 (best model); R+S: B01 = 1.33; Null = B01 = 1.44; 

Route: B01 = 1.86; R*S: B01 = 13.68

Route: F(1, 14) = 3.57, p = 0.08; Stim degree: F(3, 42) = 3.06, p = 0.04*, pes = 0.18;

R x S: F(3, 42) = 0.79, p = 0.51, pairwise comparisons fdr-corrected.

R+S: B01 = 1 (best model); Route: B01 = 1.23; Stim_degree: B01 = 1.28; 

Null: B01 = 1.55; R*S: B01 = 4.87 

Route: F(1, 14) = 0.11, p = 0.75; Stim degree: F(3, 42) = 0.92, p = 0.44

R x S: F(3, 42) = 0.69, p = 0.57

Null: B01 = 1 (best model); Route: B01 = 2.42; Stim_degree: B01 = 6.37; 

R+S: B01 = 15.03; R*S: B01 = 76.25
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