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Analysis of Heart Rate and Heart Rate Variability
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Titration in Patients With Moderate to Severe
Obstructive Sleep Apnea

Min Woo Kim and Myoung Su Choi

Department of Otolaryngology-Head and Neck Surgery, Daejeon Eulji Medical Center, Eulji University School of Medicine,
Dacejeon, Korea

Background and Objectives Recurrent hypoxia, hypercapnia, and arousal during sleep
can induce hyperactivity of the sympathetic nervous system (SNS) in patients with obstructive
sleep apnea (OSA), which contributes to the development of hypertension and cardiovascular
disease. This study was designed to compare changes in heart rate (HR) and heart rate variabil-
ity (HRV), both of which reflect the activity of the autonomic nervous system (ANS) in OSA
patients before and immediately after continuous positive airway pressure (CPAP) titration.
Subjects and Method Thirty-five OSA patients (47.8+12.3 years) and 16 healthy subjects
(43.2£12.5 years) were enrolled in this study. A night CPAP titration was performed on the
OSA patients, and HRV was calculated by RR intervals from the electrocardiogram signals
during the total sleep time.

Results The mean age of OSA patients was 47.8 years (M:F=34:1), and the control group
was 43.3 years (M:F=14:2). The mean AHI of OSA patients was 53.4 & 31.9, and decreased
17.3 £19.4 after CPAP titration, and 4.3 £ 1.6 in the normal controls. During CPAP titration,
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(p=0.006) values were significantly decreased after CPAP titration compared to the baseline.
After CPARP titration, LF (»p=0.017) and LF/HF (p=0.003) values were still significantly higher
than those of the normal controls.
Conclusion HRYV analysis revealed that CPAP titration for one day caused decreased SNS
activity but did not induce a balance in ANS when compared to the normal controls.
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Heart Rate Variability After CPAP Titration I Kim MW, et al.

, 7o 2= 1) YR AW
Z HAO] SAIRE wlRkQl 73 3) HiAY TS}
EHSOIY 7|HSE>RTER Nl e A= Al
o whel F 3599 Ha g T eES o
3Helodet STOP-BANG A#AE ©]8-3t¢]
Hald FHES S-S Al on, ex=9] Ao At
S E5-5 H7Fsk7] 9@l Pittsburgh Sleep Quality In-
dex (PSQD<2} Epworth Sleepiness Scale (ESS)& o]-8-5}od
B7rskoinh 2 dAts 2 Ystataal o9l Ysl(IRB
No. 2022-05-013-001)] 41| 9 18]l Al 3ick

= )
WRsgol BAuA o, 2) FHEUFA] ¢u(ESS<
10%)), 3) 4=e] Zo] hm] 9Fekal(PSQI<8R) £eloft
SstELZ} FoIsk A s, Al Z1zoRe 1) 4w

A SRl ShlE A, 2) wstuthLRA, 3
kel g alTbA 0.2 Ak ko] Sl BHe) A9k A
oJstect.

Srckelziak

Embla N7000 (Natus, Kanata, Canada)& AF&3lo] =
7AW 7t A M oAl oftt RTHIEALS A
oAtk AFEE A= Hubd=S(F3, F4, C3, C4, O1, 02),
OFLAE, Hi} 5hA] AR, AXE, FH 9 EE o
HE HIZ 71 A 715 WeE A S0 3 A 9IRS
A71E F2eleint vl=<=H s3] (American Academy of
Sleep Medicine) #7% A¥lell whef -7 A&

3= 5
7150] 2 90% ol4He] 715 Fk, ATFL ul 71FAl

AE E3 24 EE Ak BEsle} weste] Ha 02 5

o d —1Tod o

A okt IAANE Bl HAd R ES
O ke SAE e R v g el vidE FIE
A8 A2 AN ARt EE SASII Ay
2 4 cm H00lA Al2Fste] 53 ol Tasigle w 23] o
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Seio] UehtEA T4 5

4
FAPo] AIZkG 5 ulgko 2 A3 4 gl HHo] At

Aleho] = B AL of7k % SEARFEF Embla N70009)

A% (electrocardiogram, ECG) AT 9322 HE3H
RR (NN) 7HAS 13tk A= AlSE= 250 Hz2 A2

=3Ik oF&8 Embla N70000] WA Ald-gHo] E4
Z2 OGS 7Hssto] AlZF G 2|31 NN 7H4, NN 7+ 9
=R (standard deviation of all NN intervals, SDNN),
A< NNHo 9] Al Hat4ke] FEZk(root mean square
of the successive NN intervals, RMSSD)2 AAFslaL, Fuf
T 99 A#Y ATk tiYlow frequency, LF), 2415
4> ¥ (very low frequency, VLF), 125114 i (high
frequency, HF), ZL2]al AFu}a of 150} Hl&

Asteich

»

o u
o=

57 24

SPSS 150 (SPSS Inc., Chicago, IL, USA)S o] &3tol,
Kolmogorov-Smirnov A4 A4 & AAS ==
&% AR ttestE AT, AAde TEA o
Mann-Whitney u-test, 358 A52+= 7IoJAlH A4 E=
Fisher’s exact testS Alg§slo] B A5, A& Aas
paired t-testS ©]-8-5}o] 7”4’3}015} 3% W3+ one-
way ANOVA £412 /\]3“ O}IL A Z o] Al&Etd
th p#k2 0.05 olstE

‘2 e

A 3

5074 4 =@ THFEES 3 F 35S
Aol SEAF o, o]} Ao U +HFET S50l
P A7 169 o] TFAHY e ES o
2] Hatfol= 47.8A410)H, il = 3411 & o] Wk
o, 22 3

Hattho] 4334 = ddul= 1428 3=t
(Table 1). +HFTES 3] =H9] 2 2|=(PSQD+= ¥
1312 ti 2 6.290 Hl8l| F2JakA =3k (p<0.001), 7F
FHA 2 s EHHEAFES)E Het 11602 iz
o 6.5 vl3) #-2l8kA =3k tHp<0.001). STOP-BANG #
T FHRSES TR }Oﬂﬁ Wt 472, g2 2,550 99
SHA| E3HoH(p<0.001), Hat A& (body mass in-
dex, BMD% #Eﬂ%ﬁ%% BlAfol| ] 284 kg/m’E R
24.2 kg/m’o|| W3} f-251A =3k cHp=0.002) (Table 1).
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% Table 291 YEFHH. 775
= WA = A (p=0.045), HE A
)u]% (p=0.017), H=m H|-&(p=0.001), H Ak
:Q}E(p<0 001), A A EZ3}E (p<0.001) = FY7] 2He-
A 982 el vjustd folsHA| S7FsHtHTable 2).
o @=o] L 71714 Al7H(p=0.006), &L $H(NI)
H|-E&(p<0.001), A AHI $2|(p<0.001)+= F-2J81A| 743}
%tH(Table 2). G471 54 Al A =S vl
AT}, F SHAZE SHES, SHAAZRR] A7 42 B )
ol Al7H(wake after sleep onset, WASO) Z‘I‘\% A a4
v, FeH S, Bt AR sle | A Ak ol A=

£-0J51 202 Ho|A] 99kt (Table 2).
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(Table 3). THFTFZ 2ol A °§°P7
o HIglH
H)IA] 9-2]3t 2}0]E Kol QgOPE}(Table 4). HhHo] é!t'*
G0l A= Al7E G99 W2l ikl SDNN gkol
oF7] ofg =4 A% S-olsH| 748+ oM (p=0.001), F-iL
7Hghd A3EQ] RMSSD = fr2lsiA] 243kicH(p<0.001).
Ful4: oo HEo A= SDNNoJ| d@sl= total power
(TP) Zko] G-2lsM 2r43tA3(p=0.010), L7AATA 2]
2 LF = S-olshA 7h43819tHp=0.006) (Table 4). T,

Table 1. Comparison of demographics between OSA patients
and healthy controls

OSA patients

Healthy control

(n=35) (n=16) ERCIEe
Age (year) 47.8+123 43.3+125 0.223*
Male:female 34:1 14:2 0.2297
HTN 10 (28.6) 3(18.8) 0.730"
DM 11(31.4) 1(6.3) 0.075"
CVD 2(5.7) 00 >0.999
PSQI 13.1+6.8 62+3.8 <0.001*
ESS 11.6+2.8 6.5+4.1 <0.001*
STOP-BANG 47412 25+1.7 <0.001*
BMI (kg/m?) 28.4+4.8 242+32 0.002*

Data are presented as mean +standard deviation or n (%). *t-
test; TFisher's exact test. OSA, obstructive sleep apnea; HTN,
hypertension; DM, diabetes mellitus; CVD, cardiovascular dis-
ease; PSQI, Pittsburgh sleep quality index; ESS, Epworth sleepi-
ness scale; BMI, body mass index



Table 2. Comparison of polysomnographic findings between OSA patient and healthy controls before and after wearing CPAP for one

Heart Rate Variability After CPAP Titration I Kim MW, et al.

night
OSA (baseline) OSA (CPAP_1 day) Healthy p-value

TST (min) 327.0+52.2 368.6+89.2* 358.6+55.4 0.045
Sleep efficiency (%) 82.7+£12.0 85.1+14.9 84.1+£8.0 0.894
Sleep onset (min) 11.5£13.6 15.4+23.2 10.3+£6.3 0.734
WASO (min) 56.4+£41.1 51.7+49.4 55.4+£32.5 0.524
R_latency (min) 147.0+£74.8 91.0+78.3" 145.5+76.7 0.006
N1 (%) 147+11.0" 6.7+5.6" 53127 <0.001
N2 (%) 46.8+12.9 43.2+13.4 49.6+8.9 0.200
N3 (%) 11.3+8.8 17.4+9.6* 15.7+7.1 0.017
R (%) 12.3+5.7 19.5+10.0* 15.7+6.7 0.001
AHI_total 53.4+31.9" 17.3+19.4* 43+1.6 <0.001
Sa0._mean (%) 91.2+4.97 94.6+1.3" 95.6+1.3 <0.001
SaO,_nadir (%) 74.7+10.7 85.7+6.1* 90.1+3.3 <0.001

*p <0.05 between OSA and CPAP; 10 <0.01 between OSA and healthy; F0<0.01 between OSA and CPAP. OSA, obstructive sleep
apnea; CPAP, continuous positive airway pressure; TST, total sleep time; WASO, wake after sleep onset; R, rem sleep; AHI, apnea-

hypopnea index; SaO., oxygen saturation

Table 3. Parameters of heart rate variability (HRV)

Variables

Description

Time domain analysis of HRV parameters
RR intervals (ms)

The average of RR intervals (=normal to normal interval; NN intervals)

Mean of the standard deviations of all NN intervals for all 5-min segments of the entire recording

Number of pairs of adjacent NN intervals differing by more than 50 ms in the entire recording

SDNN (ms) Standard deviation of all NN intervals

SDNN index (ms)

SDANN (ms) Standard deviation of the averages of 5-min NN intervals of the entire recording
RMSSD (ms) Root mean square of the successive NN intervals

NNSO count

PNN50 (%) NNS50 count divided by the number of all NN intervals

HRV triangular index Total number of all NN interval divided by the height of the histogram of all NN intervals in the modal bin)

Frequency domain analysis of HRV parameters

TP (ms?) Total power

VLF (ms?) Power in very low frequency range (<0.04 Hz)
LF (ms?) Power in low frequency range (0.04—0.15 Hz)
HF (ms?) Power in high frequency range (0.15-0.4 Hz)

LF/HF ratio Ratio of low to high frequency power

A B AR HFAE fe12
A ghgrom, LE/HF & 7] 2§ A% o3 24

s

£ Ho|x] 93t H(Table 4 and Fig. 1).

>

e (p=0.004), H=H1} v
2

THFEES SR oI5 =921 (p=0.000), m7H4]

ALk FA A S 8-S RHYshe LF/HF vlet= 84
I

H(p= 0.003), FHl 3} vj# 4= TEof| A A} tj kol H]
& =AYb tH(p=0.028, p=0.003). AlE#Ho| o= oF

www.kjorl.org 597



Korean J Otorhinolaryngol-Head Neck Surg I 2022;65(10):594-601

Table 4. Comparison of HR and HRV before and immediately after CPAP titration for OSA patients, and normal controls

Parameters OSA OSA (CPAP_1 day) Controls p-value
HR_fotal 68.1+9.5 68.4+8.7 59.5+9.0 0.800
HR_rem 69.9+9.5 69.8+9.4 62.4+9.3 0.952
HR_nrem 67.1£9.5 67.3+£8.9 58.4£9.1 0.872
RR (ms) 899.1+118.8* 890.7+109.8" 1024.1+£145.9 0.001
SDNN (ms) 87.6+29.3" 70.3+25.1 86.8+30.1 0.024
SDNN index (ms) 68.6+26.9% 47.8+17.2 62.5+24.1 0.001
RMSSD (ms) 45.6+27.9 31.9+21.1" 51.6+32.6 0.023
NNS50 count 3461.1+£3740.8 2269.8+2947.6 4881.4+4918.4 0.064
PNN50 (%) 13.7+£15.1 8.2+10.8" 21.2+22.4 0.021
SDANN (ms) 57.4+27.2 50.0+£28.7 62.4+36.6 0.335
HRV_triangular index 16.3+5.4F 12.9+4.5 159+6.2 0.018
TP (ms?) 63369 +44748" 46483+24197 36916+13690 0.018
VLF (ms?) 35410+33791 23841+14190 19516+8732 0.044
LF (ms? 20479 +133391 15909 £10657 10815+4385 0.016
HF (ms?) 667443855 6071+3529 7835+2822 0.264
LF/HF 3.8+3.41 3.3+3.2 1.5£0.8 0.045

*p<0.01 between OSA and controls; fo<0.01 between CPAP and controls; *p<0.05 between OSA and CPAP; $p<0.01 between
OSA and CPAP; '0<0.05 between CPAP and controls; To <0.05 between OSA and controls. OSA, obstructive sleep apnea; CPAP,
continuous positive airway pressure; HR, heart rate; HR_nrem, non-rem HR; RR, R to R interval; ms, mili-second; SDNN, standard de-
viation of all NN intervals; RMSSD, root mean square of the successive NN intervals; NN50, number of pairs of adjacent NN inter-
vals differing by more than 50 ms in the entire recording; pNN50, percentage of NN50; SDANN, standard deviation of the averag-

es of 5-min NN intervals over 24 h; HRV, heart rate variability; TP, total power; VLF, very low frequency; LF, low frequency; HF, high
frequency
L HE HAF25F SRtol A A ofth 7] 2o 2= Hat A
. : upRolis f-oJ3k Mk TR koL, Aupuo] sof A
il : £ thpe] A moflA] wF T QICE Al P Hol|A
L 6F £ 24|29l Auto] =5 uredats SDNN gzt Razhl
o 5
5,0 A& vty RMSSD, NN50 count, pNN50 Z+E0] 59
S ol Zhasiglon, Fui4: 49 wiolAE MIAFAES
O
£ ot @He VLE, LF o] -oJsil| Zashart E3k 44) oz
' 23} 55 PP AGY FULETF Shafe] umoA,
0
OSA CPAP_1 day Healthy H|Z B3 A4, Bt AAAESHE 2| A A EZSHE
Fig. 1. Comparison of the ratio of LF to HF heart rate variability in =~ % <=5~ Aat v)g, 3 & 52 % IF
ik

OSA patients or normal controls before and immediately after
CPAP titration. *p<0.01. LF, low-frequency; HF, high-frequency;
OSA, obstructive sleep apnea; CPAP, continuous positive airway
pressure.
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