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Objectives: In human, there is a diversity in the breathing pattern, for instance inspiratory and ex-
piratory time, volume, breathing frequency, and breath-to-breath variation. Expecially, respiratory
variability can provide important information about breathing regulation and physiological flexibility.
it is significant to not only breathing index but also physiological index.

Methods: Thus this paper reviews the literature on respiratory variability with the aim of clinical
application.

Results: We could find the interrelationships and respiratory variability between emations, psychopa-
thy, sighing, mental and physical activity.

Conclusions: As a result, respiratory variability can serve an important physiological index in the clin-
ical area and reflects how our bodies act in diverse environments under various condition.

Key Words: Respiratory variability, Breathing variability, Ventilatory variability, Breathing index,
Diversity of breathing pattern.

Copyright © 2016 by The Korean Society of Oriental Neuropsychiatry. All rights reserved.
€O Thisisan open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

ON

Journal of
Oriental
Neuropsychiatry




l. A2

90 A Review of Respiratory Variability

e
,mmﬂrﬂmﬁm,.wwrowﬂm ﬂm
T s W ERTEEET g o
X B WK T 2w X B o LT Ry 0
AW mHMRE AT KT Fne T Al - s B
2% SRR R BT E c )
N Ll,_omﬂ B B <7 01| ) ﬂooﬂ ‘_aﬂﬂw_t
o3 o ~ oy = o) ~ —o g w ) ~n kel LR ) X
it ) w B Bl o 3 MRS oy T .
T B dEr TE ) 51 R I s =5
5 0 X
Zoar ﬁﬂ.ﬂ%&&ﬁﬂ%#ﬂ@ﬁﬂw *o mmgmroa,,iﬁﬁ Rp
= o oo I o b o T LW o T Y =
T ”.m‘oomaﬂp‘:oiﬂm Sy PR g oy oW up
W BEZTH Iy %2 T oK EEEg Y T b
T - BT I ﬂL_Llc_om%mﬁﬂu. - RS IR N X-
i lsmfo_%%%ﬂﬂ%dml%m:% <0 DEHﬂvﬂa@rm G
g BEZETEeEETeiracY = izizeicn ¢
— ) JLO‘.m_I., ‘Dl.‘lH‘Ll._o Lﬁ O,I,.Cdl —l—l T B P e < T
0 — 35 B F ~ - o " il . G o =~ o] 8 - X J ..H.u N
% ﬂﬁ@g@%mmwaﬁﬁwﬁgm S F LT
2 Tigisgiiriogiiar @  fuRfifzs » g
< 9 2 T NORE g e T e = & SN E TR R
X PHEDT =R 1 %) el . 3 R N . |
%3 %am@wgmwwﬂmmmw%% MDJWQamammntw
e AJIﬂﬂH]PE. 7o oﬂni-.m, = Hl !
s H”.ﬁomETLhmﬂxe_aoL,ﬂﬂﬂuvx B o TEEz o
= oy — Jjo o K e B ) .
SrgPRLiiEiicereeiE fats st
QP o L = R 3 R ~ ~ % S & X
ﬂ#;Oﬁm;ﬁtgmwmoﬂ@mq%z;o,ﬁTu_mEo - REDI
moaummﬂ%%eﬂ.%ox T S e
WOk a5 b]_rJElL‘_ﬂo - a1
RXE TE S EETREizEEy LB
OLL‘_OV ‘I‘LI“.lI!‘I — 0
STdTFEs IR %mu,@%mﬂwi?m Mwmﬂ%
do X T X o B MM %n_ OQT o W 5 K ) o = “Lwﬂ B 2 OE < ofu fof o S _,]L wﬂ_ n.t:@ %o H ﬂﬂ
}L#ﬂﬁgo}_oe_eylﬁo%ﬂﬁo% Bk 5 m_@oof_muﬂﬁmﬂ%7ov G
o™ 0B oA R il I Sl EETIE T e T
o B maﬂpﬁunnmomﬂwﬁ. S ﬂﬁmﬂz,_ﬂe o)ﬁx]dlmvlmﬂ T Emﬂx]./ﬂl
wrmﬂmﬂﬂ.imomuﬂ@:o_wﬁwn@@ oo WMmﬂ.A@rM S 2T
= JJ for  oF olJ ) o wln TS = N TR o = B =
o ooK 7O ooy M .omR X ofpy - N a D fo] Hlo — = < o 4
o X - o > R M oor g 2 i i olp X T
r D =y 9o X0 X ORI G - =~ oF £ D
N} o B o 2w o RIS s o o 5 a, S~ o 7 S o B
(U= 2 S = v
mwwwapqwaa%wwniﬁgwmmmMﬂw¢uawg gH IR
=T — o — NG - = o @y B W H N- X A e " T A =
o X2 2o of WX g R B S Dl (R~ & < ® m oy K IS e =
L_Lmﬁﬂo}mxﬂﬂ%mﬁﬁaﬂﬂ7ﬂi%W%WHEALmyﬂi%gﬁﬁow.m:%é.m
ﬁ%mﬁ%wggﬂ¢ﬂﬁ%ﬂWQM%%ﬁwm%%WHWijM%mw
e A o o g T o) e W My ol BN o 5 o zo BN X SRR
oF Ko o o bl J o~ oo o o o e | L o) ®E G in o %o o] ) oF ,_nuu X 5
1o = o B R bt T o) L ol ol ~ &ﬁ B = i S K 2
LB — = BarE D d g 4 Al e 5
om mA 5 o T R M oF o o = o op gjo oo ,&ﬁ G X oy _Mm_ H ,_1:/0| 11Dr| Mo =
9 F S 5/ al X H o o] 9 M ~— =T ) va.ﬂ " do? fom mj -.‘ < © o T au B
%;MJ%Lﬂ%ﬁioilwfwgwyﬂmﬂgEwmlfgmmg%wwﬂ%ﬂmﬂm
" omo R % o <A = < i Sa = VMg 0 o )y
mm Wo =) e il w__/nul 1o Wﬂa W@ 1._ Y Wmm i) oF mAmu.L < = = N %.1_ w mm_ul Vﬁ N OB WH o o_m Hw_m_u - o %
ﬂu%%%ﬂro%mgx@@1@@Hmmuu.uu%mio_ﬂ,mmMuﬂﬁﬂ%ume_o Mo"e E
L N e ,%uoﬂmﬁxhﬂﬁra%owﬂﬁﬁéﬁ FEOT O R R o %
MW&;%%%EN%%Q*&%}aMmaﬂ% BRI
=0 B o o T ] N
RN e 3 I

A2egle) ol A=l o

[e]

a
X5

[e]



SAKim, S| Park, YB Park, YJ Park 91

respiratory variability”,
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articles screened on basis on title and abstract
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breathing variability”,
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Full-text articles reporting on respiratory
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Removed records:
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duplicated, not English
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Pubmed (n
Search word:

Database
Eligibility
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Screening
Fig. 1. Flowchart of Studies Selection.
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Table 1. Emotion and Respiratory Variability

Author year Subject Theme Method Result
2003 162 children Respiratory Variability End-tidal CO; Respiratory variability was positively related to anger-in
Van Den with amean age  and Psychological Respiration cycles and negatively to negative fear of failure and neurotic
Wittenboer of 11 years Well-Being in and time complaints. Respiration rate was positively related to
G Schoolchildren positive fear of failure, and duty cycle was positively
related to the latent variable of negative affect.
2006 98 young women  Anxiety and respiratory  Respiration time and Trait anxiety was associated with less variability.
Van Diest | variability volume, End-tidal CO» Significant decreases in the variability of expiratory
PANAS*, CPST, STAIT, time and inspiratory drive were observed during
NA-Scale, QMI® anxious imagery. During fearful imagery, the variability
of FETCO, increased compared to baseline.
2011 Scoring high Sigh rate and respiratory Respiration volume, Total variability was higher before a sigh than before a
Wuyts R N=45 low variability during respiration rate, minute non-sigh, without concomitant differences in structured
N=30 on trait normal breathing ventilation, sigh, variability, suggesting more random variability before
negative and the role of NA-Scale, PANAS* a sigh. After a sigh, correlated variability increased
affectivity (NA) negative affectivity whereas it remained the same after a non-sigh.
2013 37 healthy Effects of induced worry  Tidal volume, inspiratory and  Compared to baseline and mindfulness, worry showed
Vlemincx E participants and mindfulness on expiratory time, respiration decreased autocorrelation in all respiratory para-
respiratory variability in - rate, minute ventilation, meters and compared to mindfulness, worry showed
anonanxious percentage rib cage decreased entropy in respiratory rate.
population breathing, self-assessment
manikin (SAM)
2015 44 volunteers Emotion, sighing, and  Inspiratory time and Negative and/or high-arousal emotions increased sigh
Vlemincx E respiratory variability expiratory time, respiration rates and respiratory variability during picture viewing

rate, tidal volume, minute
ventilation, end-tidal
pCO; self-assessment
manikins (SAM)

and imagery. Only depression imagery, decreased
correlated variability (and only in minute ventilation).
Fear imagery particularly increased variability in
end-tidal carbon dioxide and expiratory time.

*PANAS: the Positive and Negative Affect Schedules, TCPS: the Checklist for Psychosomatic Complaints in daily life, TSTAI: the trait version of the State/Trait Anxiety

Inventory on that occasion, SQMI: the Questionnaire upon Mental Imagery.

Van Diest 12 & T8, 22

o] Xjoli= ozt

ot
D)
b
1o
N R
o,
N H
3 9

n
[~

oN
ok
=2
2
8,
2,
ok
[
i
=
i
R
o

Ho

By
et
2 e
ok
2
2
oH.
1o
n e
oxX,
ok i tq
lu}
ox
o
8
fo
il
>
[
1
£

)
E
&
B
=
©
ok
D)
FH
i
S
=l
n
L)
i3

rO
3
=
N
[
)
(0]
il
)\

2,
ok
2
o on
A
&
1
I
A
o,
=
D)
ok
Sk
N
r>~l
N
N
E;‘;
=2

o,
=)
Rt
[rt
%
O
2
N,
il
ox, 2
] rlo 0?‘: .
ox ©
ok
F],F

oy MU ol

(o}

&

FfF

offl r-

12

rlo

ﬁ }‘; o,

>,

N o)

7o
o

oot —

oy
xQ

oNﬂ [o

o &

%
o
I

R

2okt o||x|Z A
Bol o] 714
B e &
uls) S71ekict. Relel Thet - AT Avks
He wol e} fee BAoR dchs V&

P E=EH ML, et

i—\—‘
. %
o o
[
F T
i
E&Tr‘L
L

s
T o
1 o
r}igﬂ
SN
<oy o
> g o
I>§<>E

¢

r
=
i

me,

l-'O
i
of,
ook
filo
&
ot
w0
-

A o] 7F

o
g

il rIO ol

(negative affectivity

T35 30789 A D55 107 B9k et 2g o]

I

g

1o

ox

%

e ol

F#g I

[

]

R

of,

i)
Bt d

il

e g
(coefficient of variation)S A3 ARk,
A7V o= golsieint. ¥ Mol
TS 1A 7] A ARG E=okem,
Ho =7} o E41&(random)stiL). Sk 41 Sof
Ho|=rF S7FI9 AL, s 1A o2 ol 54
okt &, kel 3579 eAE (resetter) &
Stk 48E olEold 4= itk 1Eu NAR 4F
NA7Z} =2 TI550] B 5701 o]2idt HeS 5l
7HQ1 7ke] Koot thefAde Bhwe] HAlgE A ¢
o o & Fagt ARfolet & 4
Vleminex E2e ‘A4 5} ok A7
ness meditation)' A] ©& Ho|=S B]a

o uhy el S BHOR S, upa )

oO—

u Wl & TE Hol

=

o Wl
rlr
offl
o

)Y

¢

i
)
o
k1

o
.

r
o
S~
O
EIR:)
N
N

=

ok
o
&
il

rr
oz

=~

—

o

bl i

N

)

&
fr 4
1]

i
not N

3
=
o
S,

b
r_‘i;,:
1o
1=
k1
ok
iy
ox!
o
; k
g
Y
4 @
%0,
rlr
On‘,
o
Lo

é
>
)
<
3o
=
re
e
-
=2
r
rr
o
\l

B

O
B
ok
<k
>
i)
i

(o3
=



SAKim, SI Park, YB Park, YJ Park 93

Al <

50| 415

<7 -i

ek 1 A Ay

)
[}

7| % ot

7]-’ :é_‘

ool 3

gl

2

e

9

)

&

g, 37 T o]

O

JESRE,
[e]
g

o Bk

N
e Hol=E B9

(e}
Hels

=
=

kel

|
=

N

ok A A Aol A

A

ol

Ar
foln
{o]

el

o
Po

foln

N

of fol, g, 4

X

2
L5

A2, A7 Aol

kel
e

=

Al opct &S] AREE . 1 Avt

I

Z1%lo
i

o] B
o] Wgo] Z78I9ct,

oAt
A

Joff 2= REMSH 531 19]

7}s}H

0 O HS
— Ty

a1, 5~10%2] %+

o]
A

=
o

ot o] ulgo] Z8iny,

] =
st o

°f

o
=

Aofe] vl

2
Q

e
L5

2
e

ofa] ¢lEI] 9 thE 291] 7R

5o
R I S

o] w3}
o] A= o] e olof 714

s

foln

wol=g F7hAT of

A

ol Fadtehs

Zloek.

Aol
Wk

15tnt § 5 Ho|(Table 2)

(RS

2.

o|7} ach

AfohgA

f,

Aol 2]

[}

Van den Hout MA*2 2

tdek 1= 5%, 7% o4t

Zz ]
EXE

[e)
==

kel

2
[¢]
=

HolA 7124

Sheba

41 A o]

Jofl o]
| Bsolglet. el gt s 4

Aol B 1%

2
[¢)

al
[e)

7

L ik
— =

SEOS

/1\1__:_

D IERRLEIEY

c g

EENFEE

AT 2R

o} &

HH
s

ZEe 1 A} ti2e] At

212}



94 A Review of Respiratory Variability

Table 2. Psychopathy and Respiratory Variability

Result

Author year Subject Theme Method

1993 PD (panic disorder) Hyperventilation is not Capnographic
van den patients non-panic  diagnostically specific data respiratory
Hout MA disorder anxiety to panic patients. rate, end-tidal

patients, healthy CO,
controls

1995 14 medication-free  Irregular breathing during ~ Polysomnography
SeinM.B patients with panic  sleep in patients with tidal volume,

disorder, panic disorder respiratory rate
14 healthy

comparison

subjects.

2001 Panic disorder 49,  Respiratory variability Tidal volume,
Martinez major depression in panic disorder respiratory rate,
JM 21, premenstrual minute

dysphoric disorder ventilation, AP,

10, normal Borg Scale of

controls Exertion,

30 10-point
anxiety scale

2009 Panic disorder 26 Respiratory Tidal volume,
PfaltzM.C  Normal controls 26 Pathophysiology of Panic  inspiratory and

Disorder: An Ambulatory  expiratory time,

Monitoring Study respiration rate,
minute
ventilation,

2010 Panic disorder 26 Physical activity and Physical Activity
Pfaltz M.C  Normal controls 26 respiratory behavior in Monitoring

dalily life of patients with ~ ambulatory
panic disorder and monitoring
healthy controls

2012 46 Schizophrenia  Respiratory Variability Respiratory
S.A.Akar  patients, during Different Auditory  patterns,

46 Healthy Stimulation Periods in respiration rate

controls Schizophrenia Patients and depth,
PANSS T,
symptom
severity

2012 49 chil-dren with Separation anxiety disorder Sympathetic and
Kossowsky ~ SAD**, 21 clinical in children: parasympathetic
J controls with disorder-specific activation,

anxiety disorder,
39 healthy controls

responses to
experimental separation

cardiovascular,
respiratory (total

from the mother breath time,
minute
ventilation, tidal
2013 Responses to voluntary volume,
Kossowsky hyperventilation in end-tidal
J children with separation ~ CO, respiratory
anxiety disorder: variability,
Implications for the link to ~ electrodermal,
panic disorder self-report

Non-panic disorder anxiety patients was just as low as PD*
patients. The exciting film and fearful imagery produced
consistent increases in distress and concomitant increases in
respiratory rate, variability of end-tidal CO,, and decreases in
end-tidal CO,. This was similar in all three groups.

Patients with panic disorder had evidence of abnormal sleep
breathing as indicated by increased irregularity in tidal volume
during REM and an increased rate of microapneas. A
subgroup of patients had indices of subtle disorders in
breathing during sleep that were above the 95th percentile for
the comparison subjects.

Panic disorder patients had significantly greater respiratory
variability at baseline than normal control subjects and
patients with major depression. The premenstrual dysphoric
patients had greater variability than the normal control group.
Panic disorder patients who panicked to 7% CO> inhalation
had significantly greater baseline variability than panic
disorder patients who did not panic. Anti-panic treatment did
not significantly alter baseline respiratory variability.

Patients with PD* did not differ from HCTregarding any of the
respiratory timing, volumetric and variability measures, with
negligible group effect sizes for all measures. Patients with
fewer self-reported respiratory symptoms of anxiety exhibited
more pronounced rapid shallow breathing as well as
diminished total breath time and its variability.

Amount of time spent at different activity levels did not differ

between groups, which is at variance with studies linking
anticipatory anxiety with motoric agitation, and PD* with
self-reported avoidance of exercise

The patients presented a significantly higher respiration rate

than control subjects during the initial baseline and WN!
exposure periods. CTM" evoked an increase in respiration
rates and a decrease in respiration depths in the control
group, no significant differences were found during the
stimulation periods in the patient group. The respiration rate
was lower in the post-stimulation period than during the initial
baseline period, and no respiration depth differences were
found for the WN”‘ music or post-stimulation periods in the
schizophrenia group. Patients exhibited a greater respiration
depth than the control subjects over all periods.

Children with a diagnosis of SAD** were characterized by
elevated self-reported anxiety responses to separation and
increased sympathetic reactivity compared with cc™fand HC T
groups. The SAD** group also displayed greater vagal
withdrawal and higher reactivity in multiple cardiovascular,
respiratory, and electrodermal measures compared with the HCT
group, while corresponding responses were less in the cctt
group and not significantly different from the other groups.

SAD** children did not react with increased anxiety or panic
symptoms and did not show signs of slowed recovery.
However, during hyperventilation they exhibited elevated
reactivity in respiratory variability, heart rate, and musculus
corrugator supercilii activity indicating difficulty with respira-
tory regulation.

#PD: Panic disorder, THC: Healthy controls, TPANSS: The positive and negative syndrome scale for schizophrenia, "WN: White noise, "CTM: Classical Turkish music,

**SAD: Separation anxiety disorder, ' "CC: Clinical controls.
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Table 3. Sighing and Respiratory Variability

9 Skl SEMG (W 259t T8 Ho|=E 715319
o A 624 F 3714 A A, ALA S
A9, Mt A Al e AABRE 2D A AR
AT 5 6t FARBEES SIEh (AR AEAAE
Woh= Aflo]qlom, AEAR] e AT S =4
ol= & WAL A nheLE o83t weble T
Alollet. SEMGE oA o= Mgt vAdR
£ 3ste] 50 A= AR Zo= Skl o
of A=Al & 4= Qe Atk FAA AEFAS T
<= & S57lof E Shed AR s Sk 1
A} SEMGE] 57F WE SgHol o] 7t & A Sk
o] ek om, AP kg Al W $ofl= SEMGZH &

Author year Subject Theme

Method

Result

2010 Healthy
Vlemincx E 43 persons

The relief effect of
spontaneous and
instructed sighs

SEMG*

2010 Healthy
Vlemincx E - 42 persons

Respiratory variability
preceding and following
sighs: A resetter
hypothesis

2011 Healthy
Vlemincx E - 43 persons

Sigh rate and respiratory
variability during mental
load and sustained
attention

2011 Scoring high Sigh rate and respiratory  Respiration volume,
Wuyts R N=45 low variability during normal  respiration rate,
N=30 on trait breathing and the role of  minute ventilation,
negative negative affectivity sigh, NA-Scale,
affectivity (NA) PANAS T
2012 Healthy A sigh following sustained Tidal volume,

attention and mental
stress: Effects on
respiratory variability sigh
Emotion, sighing, and
respiratory variability

Vlemincx E 47 persons

2015 44 volunteers
Viemincx E

pCOz

Tidal volume,
respiration rate,
minute ventilation,

Inspiratory volume,
expiratory volume,
respiration rate,
minute ventilation,
end-tidal pCO»

Inspiratory volume,
expiratory volume,
respiration rate,
minute ventilation,
sigh, percentage rib
cage breathing

respiration rate,
minute ventilation,

Inspiratory and
expiratory time,
respiration rate, tidal
volume, minute
ventilation, end-tidal

A spontaneous sigh was preceded by increasing SEMG* and
increasing random respiratory variability, and followed by
decreasing sEMG* and increased structured correlated
respiratory variability. Following an instructed sigh, a smaller
reduction in SEMG* and an increase in random respiratory
variability during recovery from mental stress were
observed.

Towards a sigh, total variability gradually increased without
concomittant changes in correlated variability, suggesting
that randomness increased. After a sigh, correlated
variability increased. No changes in variability were found in
comparable epochs without intermediate sighs.

For respiration rate (excluding sighs), reduced total variability
was found during the attention task, whereas correlated
variation was reduced during mental load. Sigh rate
increased during mental load and during recovery from the
attention task.

Total variability was higher before a sigh than before a
non-sigh, without concomitant differences in structured
variability, suggesting more random variability before a sigh.
After a sigh, correlated variability increased whereas it
remained the same after a non-sigh.

A spontaneous sigh restored correlated variability. An
instructed sigh restored correlated variability following
mental arithmetic, and increased total variability following
sustained attention.

Negative and/or high-arousal emotions increased sigh rates
and respiratory variability during picture viewing and
imagery. Only depression imagery, decreased correlated
variability (and only in minute ventilation). Fear imagery
particularly increased variability in end-tidal carbon dioxide
and expiratory time.

self-assessment
manikins (SAM)

*SEMG: Surface electromyography, TPANAS: the Positive and Negative Affect Schedules.
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Result

stimulation. Both groups increased ventilation during
mental stimulation. Respiratory variability was not

greater in CCHS* in any condition.
The frequency band in which task load-related

changes in heart rate variability became manifest

appeared to be dependent on the individual's

PCO,, during REST or the conditions of mental
breathing pattern.

There were no significant differences between controls
and CCHS* in mean breath duration, tidal volume,
ventilation, arterial oxygen saturation or end-tidal

5]

SR

Method
Breath duration, inspiratory
time, expiratory time,
respiration rate, tidal
volume, minute ventilation,

end-tidal PCO»
rate variability in the HFB T

HRV T in the MFB®, HRV
in the LFB, variability of

mean respiration rate, heart
respiration

Mean interbeat interval time,

Theme
breathing in congenital
central hypoventilation

syndrome
activity on the cardiac

response pattern to

mental

Effect of mental activity on
effort

Influence of respiratory

Subject
5 subjects
with
32 subjects

CCHS*

Shea S.A
Althaus M

*CCHS: congenital central hypoventilation syndrome, THFB: the high-frequency band, THRV: heart rate variability, MFB: the midfrequency band, ILFB: low frequency

Table 4. Mental Activity and Respiratory Variability
band.
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