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Research on the application of non-contact continuous vital signs monitoring in the assessment of patients
with chronic obstructive pulmonary disease
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[ Abstract] Objective To evaluate the clinical application value of non-contact vital signs monitoring in patients with chronic
obstructive pulmonary disease ( COPD ), analyze the correlation between multi-dimensional vital signs parameters and disease severity,
and explore their application value in COPD monitoring. Methods A total of 55 COPD patients treated at the Tianhe Campus of the
Third Affiliated Hospital of Sun Yat-sen University from March 2021 to October 2023 were enrolled. All patients underwent deployment
of a novel non-contact vital signs monitoring system and completed standardized pulmonary function assessments. Clinical baseline
data were collected, and nocturnal physiological signals were recorded, with core monitoring indicators including heart rate variability
(HRYV ), respiratory characteristics, and sleep structure. Based on pulmonary function assessments, patients were categorized into
mild, moderate, severe, and very severe groups. The mild cases were classified as the non-severe group, while the moderate, severe,

and very severe cases were combined into the severe group. Intergroup differences were compared, a risk model was constructed,
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and the efficacy of each parameter in assessing COPD severity was analyzed using receiver operating characteristic ( ROC ) curves.
Results  Significant differences were observed among the mild, moderate, severe, and very severe cases in terms of gender, age,
body mass index ( BMI ), forced expiratory volume in the first second ( FEV, ), forced vital capacity ( FVC ), and FEV,/FVC ratio ( all
P <0.05) . Significant differences were also found between the two groups in total cardiac energy, total cardiac energy baseline value,
sympathetic nerve tension index, sympathetic nerve tension baseline value, vagal nerve tension index, and vagal nerve tension baseline
value ( all P < 0.05 ), with these indicators showing an increasing trend as disease severity worsened. No significant differences were
observed in autonomic nerve balance and autonomic nerve balance baseline value between the groups (all P > 0.05) . HRV had a
notable impact on COPD severity. The vagal nerve tension index, total cardiac energy baseline value, light sleep duration, and long-
term baseline respiratory parameters demonstrated high efficacy in diagnosing disease severity, with areas under the ROC curve ( AUC )
values of 0.892, 0.886, 0.800, and 0.733, respectively. Conclusions Non-contact continuous vital signs monitoring is feasible in the
management of COPD. Indicators such as HRV, light sleep duration, and long-term baseline respiratory rate hold significant clinical
value in the monitoring and assessment of COPD patients.

[ Key words ]  Chronic obstructive pulmonary disease ( COPD ) ; Non-contact monitoring; Heart rate variability ( HRV ) ;

Autonomic nervous function; Disease severity assessment model
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H: DR (heart rate variability, HRV ), PEIE {58 S F5 40 ( Apnea-Hypopnea Index, AHI), JEfid iR s
( non-rapid eye movement, NREM ), PREAH 775 (fast Fourier transform, FFT ),

£2 COPD RETANFALISH
Table 2 The clinical data analysis of different subgroups of COPD

AT | BEH (n=13) FFEEAH (n=11) BEEH (n=18)  WHEEH (n=13) F/HE PH
B in (%) 9(69.2) 10 (90.9) 18 (100.0) 13 (100.0) 0.010"
AEHE 1 % 64.8 (59.8, 71.8)  66.8 (650, 71.0) 748 (66.8, 83.0)* 73.8 (71.0, 77.0)* 12.695  0.005
BMI/ (kg/m®) 245+1.8 24.4+3.6 21.6+2.0° 19.5+2.8" 7.530  <0.001
FEV %pred 87.0 (81.0, 94.6) 634 (553, 73.1)" 39.1(35.0, 434)* 233 (198, 27.6)* 49602 <0.001
FVCY%pred: 103.3+10.8 783£9.2 62.8+14.9" 41.1+104™ 30260  <0.001
(FEV/FVC) %pred” 739 (674, 788)  62.5(62.5, 68.8)" 494 (432, 568)" 453 (378, 51.9)" 33711 <0.001

. SREAHE, P <0.05( Tukey HSD K346 )B{ < 0.008( Dunn £ F4Z, Bonferroni #21F ); SHEFZL AL, "P < 0.05
(Tukey HSD #5342 ) 5 < 0.008 ( Dunn Z# 4%, Bonferroni #£1F ) ; SEEEH L, P < 0.05 (Tukey HSD 4% ) 1 < 0.008
(Dunn ZH L#, Bonferroni #21E ) ; ‘Fisher BiYIHERIL; Y%pred FEIZIFEARIMAE 5 WU HERN H 2 o

2.3 COPD R[EEH LA F M4

ODIER AR OISR B IR, SR
ALt/ OIS EZT FE- 30| Y =X 20
B B E 2k F AR R AL i 22 7

GiiteFd X (P <0.05), HFi#E COPD BEwRIE™
HEREMZLINE, FRSIER R ET =
B A BMETAT H B TS E AR AL L
BEFIGIFEX (P>0.05), WL 3,



210 HEE

2025 4£2 A% 56 85 2 B

#x 3 COPD AETAHEOCERLTRESHERES

Table 3 Analysis of differences in cardiac-related parameters among different subgroups of COPD

Z % BE4 (n=13)
IL‘HL‘E,E\ﬁE% /J

hEEZH (n=11)

HEH (n=18) MWEEH (n=13) F/H{HE P14

3686.1+706.2

I B RE TE EvEAE /) 3787.7+279.0

PR T EAT Ak 867.2 +205.1 888.4+582.6
AN 25K T HE B 836.6 + 134.9 982.0+540.8
R E Rk T FE AL 1052.6+£324.2  1107.1+496.4
M T FEEOEMEME 1025.9+£219.8  1130.7+470.7
H 320 2 -1

1 30 2 P A

3760.3+1937.7
3827.7+1703.2

7377.4+£3957.2° 10198.4+5 280.2° 6.464 0.001
6984.9+3047.4° 8866.0+3802.4" 6.034 0.001
1832.2+1090.1° 2528.8+1392.6° 4.491 0.007

1738.5+804.7" 2313.1+1130.4° 4.397 0.008
2 001.7+764.1° 2 507.4 £960.0° 5.739 0.002
1814.5+615.3" 2271.1+838.2° 4.832  0.005

0.87 (0.68, 1.03) 0.77 (0.67, 1.02) 0.83 (0.71, 0.95) 0.92 (0.79, 1.08) 0.963 0.397
0.87 (0.72, 1.02) 0.83 (0.67, 1.03) 0.87 (0.78, 0.97) 0.90 (0.79, 1.04)

0.494 0.920

H: SREALLE, P <0.05 (Tukey HSD #5555 SEAIbE:, 'P<0.05; SHEEAILE, P<0.05,

24 COPD BEEARFR, LRERME, HIRSE
. PRI ARAE S e ™ AR B AR DG M A A AT

COPD B35 (19 1 ™ B2 & 5 Z T8 bR A7 7
A, fEXEEFEbRT, FEV, MM G feom,
Pearson AH G40 ZEGAE] 0.95, RHAMIC, Z5

GRA, TS REIRA C S5, O
SR COPD 835 1™ 5 A2 i A4 52 MR R0 4 o0 I
HIEM TR e 5. BRIk (S coPD
£ ™ R A OC R B R 0.59 #1057, I
M1,

TE: A EREOAERYERBEATORLS COPD ™ SRR A OCHE P 2005 B S BERRAH E S BOAEEA TR COPD ™
AR AR AR 73T C ONIEIAR SC S HORIBE A BOR S COPD ™ AR B2 1 AR AR o
E 1 COPD B2FHLELTFM, MEIR, FMFRFHEMEARTE S ERENEXERES T

Figure 1 Correlation heatmap analysis of cardiac, sleep, respiratory and basic parameters with severity in COPD patients

2.5 COPD BHEIGKREATER., LREFM, E
HRE5 1 W IR AR SR 1B AR B ROC 2k
A 5T 2R F 4 AR DA 48 bR s BE, A
GOLD 1 9% (%) Jxtiedd (6™ 4 ), GOLD
2~4 9% (hy L WEE) R (CE),
TEHRIE 4 W46 bR %t COPD £ 9 1 7™ T PEAG 45
H, BMI WoR R 2 WREE, HXTR A AUC
4 0.832, WLIEI2A, #KGEMZKITHEEL. O E
SRR LR R A A B s 2 W ie . ME TN
AUC {E43 5124 0.892 F10.886, ULIK 2B, R HEHR AT
] s A s 2 Wik eE, H AUC B2k 0.800,
WL 2Co KT 7 26 R 458 8 B2 Tk R

H AUC M 0.733, UWLIK 2D,

3 i i

B FE R GV T A4 fih 20 AL iy ARAE W 4
ARAE COPD B34 T R AN A, TIESE T Rrek i ]
W A W0 76 COPD g 45 B A A ] 4 A LA
FEIG IR o BEFTas R, TES. 4Fl . BMI,
FEV.. FVC UL )2 FEV, 5 FVC L {H 5 COPD %% 1%
JPEBEA L, X—&I5 GOLD 2023 f§ /4 HiE
P Z DA LS A A L RIRE, digaR ok
KA 1 — 25 A 3] A1 DA oo 45 SR 1) 3 1
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Figure 2 ROC curves of clinical basic information, heart rate variability, sleep structure, respiratory characteristics, and

severity of patients with COPD
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gh L 7R HRV XF COPD H ™ SRR B R It h
ik

55 2, COPD M35 AY.0 B e 7 & A= KBl
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SiE | il B ko AR R A Y, HRV AR N PEAR H
T2 RGN RS W R B — R T B, R T
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A s B 2 B B A (B8) MBS & (%
FERZE ) A U D ) 2 AR HRY, AT RE S O

LB RS Y AR OG>, AR BF5EH, HRV X
COPD [ H AR MR X — kKBS BETE
MR AR 3, RW HRV AN B 2T
AEMY EZARHR' ™, 7E COPD 15 Al th HAT %2
e WFFE AR B i 2 i S G o (AN [] 24 1]
R WG B, X —AR PR R G I
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T R HLHp Lkt (B]) 0 (HASTE RS, COPD &
HAE P R 2 R AR 3O (1) 05 ) T e R AR AN AE
R fufi 7 A WY 0 0 B 2 SR i A AL R 2
PEEs BeAh, G PRAEAEALRE BMIL, 591 A0
AEALTHINMA . OSAHS BYXUEE =*', 1fif HLAE COPD
BEBEAS, OSAHS (XS BEZE BMI 438 i ifi 3
I AW AE R T A5 WG bR X COPD £ 2 7 1%
P PR VAR A R B, BMI, VREEHRHE] KA
FHE YT I s A ) R AU R R, AUC A
35k 0.832, 0.800, 0.733, X —&5HREH, X
LEFEFRTE COPD FR 25 199 1% Wil 5 PEAS v B &
BRI RN A

[ N AMF ST B35 #5145 S B 57 1 44 1E COPD
BE KW RS B P QT N . — 7w,
YUEK W8 P KB s O B APP, RPN BLRERS
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