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Analytic hierarchy process-based model for evaluating the activity and balance of vegetative nervous

system

LI Zhangyong, MA Chengqun, LIU Zhaoyu, SI Miaomiao, AN Yaoming

Center for Biomedical Engineering, Chongqing University of Posts and Telecommunications, Chongqing 400065, China

Abstract: Objective The abnormal parameters reflecting the functional status of autonomic nerve can be regarded as a marker
of poor prognosis of cardiovascular diseases. Based on the analytic hierarchy process, a quantitative evaluation method is proposed
for assessing the activity and balance of vegetable nervous system. Methods By means of hierarchy analysis, heart rate variability
parameters were divided into time domain parameters, frequency domain parameters and nonlinear parameters. The judgment
matrix was constructed according to the relative importance of each index, and then the weight of each index was calculated.
The consistency test verified the reliability of the judgment matrix. Finally, the data obtained from self-control experiment were
used to verify the proposed model. Results With the increase of stress level, sympathetic nervous activity increased;
parasympathetic nervous activity decreased; and the balance of sympathetic nervous activity and parasympathetic nervous activity

increased. Conclusion The designed model which can reflect the change of vegetable nervous system has certain theoretical

research value.
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Fig.1 Evaluation index system of activity and balance of autonomic nervous system

LFnorm: Low frequency in normalized unit; HFnorm: High frequency in normalized unit; HF: High frequency; LF/HF: Low frequency/High frequency;

pNNS5O0: Percentage of adjacent cycles that are greater than 50 ms apart; r MSSD: Root mean square of successive differences; HR: Heart rate
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X=02XF+0.6XP+02%XT

F=0.4286%al+0.4286%xa2+0.1429 %43

P=0.3845xb1+0.384 5%562+0.1433x b3 + (1)
0.087 8 x b4

T'=0.5571%c1+0.3202%¢2+0.1226 %3
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Tab.1 Definitions of scales in paired comparison method

Intensity of importance Definition (x;and x;)

1 Both elements are important
3 One element slightly favor over another
5 One element strongly favor over another

One element favored very

7
strongly over another
9 One element favored absolute over another
The value of two elements when compared
2,4,6,8

each other would be too small
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Tab.2 Decision layer—intermediate judgment matrix of activity

evaluation model

6 TEMITERERKE -8 BH BixE R
Tab.6 Decision layer—intermediate judgment matrix of balance

evaluation model

Activity (X)  Nonlinear (F) Frequency (P) Time (7) Weight (W)

Balance (Y) Nonlinear (F) Frequency (P) Time (7) Weight (i)

Nonlinear 1 1/3 1 02 Nonlinear 1 1/3 1 0.2
Frequency 3 1 3 06 Frequency 3 1 3 0.6
domain
Time domain 1 13 1 0.2 Time 1 173 1 0.2
CR: 0

Consistency ratio (CR): 0

R3 FEDEVTERBE L - R R EFIRTREE

Tab.3 Nonlinear—factor level judgment matrix of activity evaluation

R7T FEIETEERIER M — R RRHBER

Tab.7 Nonlinear—factor level judgment matrix of balance evaluation

model model
. Lipschitz Fractal Phase-plane ~ Weight Nonlinear ~ Lipschitz Fractal dimension = Phase-plane ~ Weight
Nonlinear (F) . . . )
(al) dimension (¢2) diagram (a3) (Wi) (F) (al) (a2) diagram(a3) (W)
Lipschitz 1 1 3 0.428 6 Lipschitz 1 1 3 0.428 6
Fractal Fractal
) . 1 1 3 0.428 6 1 1 3 0.428 6
dimension dimension
Phase-plane Phase-plane
. 1/3 1/3 1 0.1429 1/3 1/3 1 0.1429
diagram diagram
CR: 0 CR: 0

R4 EINETEEBE - R EFI AR
Tab.4 Frequency domain—factor level judgment matrix of activity

evaluation model

RS FEMITERASE-E R EFIHER
Tab.8 Frequency domain—factor level judgment matrix of balance

evaluation model

Frequency LFnorm  HFnorm HF LF/HF Weight
@) (b1) (2) (3) (b4) (wi)
LFnorm 1 1 3 4 0.3845
HFnorm 1 1 3 4 0.384 5
HF 1/3 1/3 1 2 0.143 3
LF/HF 1/4 1/4 1/2 1 0.087 8
CR: 0.0076

25 TEEEVTEERR - R E BRI
Tab.5 Time domain—factor level judgment matrix of activity

evaluation model

Time(T) pNN50 (cl) r MSSD(c2) HR (c3) Weight (/i)

pNNS50 1 2 4 0.5571
r MSSD 1/2 1 3 0.320 2
HR 1/4 173 1 0.122 6
CR: 0.0158

Frequency LFnorm  HFnorm HF LF/HF Weight
®) (b1) (b2) (b3) (b4) (W)
LFnorm 1 1 2 1/3 0.1899
HFnorm 1 1 2 1/3 0.1899
HF 12 12 1 1/4 0.1058
LF/HF 3 3 4 1 0.5143
CR: 0.0077

=9 PEMITEERRE-EE R HIEER
Tab.9 Time domain—factor level judgment matrix of balance

evaluation model

Time(7) PNN50(cl) r MSSD(c2)  HR(c3)  Weight(7i)

PNN50 1 2 3 05390
r MSSD 12 1 2 0.2973
HR 13 12 1 0.1638
CR: 0.0079
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2.2 BEF AHP FiEREE T EZEER
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=t

Y=02XF+0.6XP+0.2XT

F=0.428 6 xal -0.428 6Xa2-0.1429% a3

P=0.1899x51-0.1899%x52-0.105 8 x b3 + (2)
0.514 3 x b4

T'=-0.5390%¢1-0.2973%¢2+0.163 8 %3
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Tab.10 Nonlinear indexes of heart rate variability (HRV)

Stage Lipschitz Fractal dimension Phase-plane diagram
Baseline 5.3857+0.405 1.167+0.038 0.991+0.282
Mild stimulation 5.7687+0.473%%* 1.136+0.043** 0.755+0.267**
Severe stimulation 6.47+0.553°° 1.08+0.039°° 0.484+0.25444°°

Mild stimulation versus baseline, *P<0.05, **P<0.01; Severe stimulation versus baseline,

4P<0.05, **P<0.01; Severe stimulation versus mild stimulation, ®P<0.05, ®®P<0.01

F 11 HRV ST E#r
Tab.11 Frequency domain indexes of HRV

Stage LFnorm HFnorm HF LE/HF
Baseline 0.434+0.173 0.566+0.173 955 03+49045 0.943+0.616
Mild stimulation 0.591£0.177%%* 0.409+0.177** 599 38+46382* 1.963+1.439**
Severe stimulation 0.732+0.15744°¢ 0.267+0.15744°° 208 80+13567°° 4.156+3.52°°

Mild stimulation versus baseline, *P<0.05, **P<0.01; Severe stimulation versus baseline, *P<0.05, **P<0.01; Severe

stimulation versus mild stimulation, ®P<0.05, ®*®P<0.01

<12 HRV EHEEHR
Tab.12 Time domain indexes of HRV

Stage pNNS50 r MSSD HR
Baseline 9.948+7.016 39.16749.232 72.05+7.543
Mild stimulation 4.73444.664** 29.614+9.02%* 77.03+£7.876**
Severe stimulation 1.667+2.748 21.6+11.17444°¢ 87.705+8.0544°¢

Mild stimulation versus baseline, *P<0.05, **P<0.01; Severe stimulation versus baseline, *P<0.05, **P<0.01;

Severe stimulation versus mild stimulation, ®P<0.05, ®®*P<0.01
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Bl — b —F —1E— B T, o T RE B L
7 AR RS R A B 2k ) AR b AR PR A
SRR A R/ ISR 13 B s 477 L H R (RIS
SNS FIPNS Z [ AH EAE R o Herb DA BT AR R/
R ANS (TS S RN, AR Ay s ARPEF T4 ]

SRS METRA-100~100 43, SRR/ INA O BRI SNS
FIPNS &b T4 X AR , A SNS i PNS 7E K &
Hg% b2 A IR 100(-100) B, eI SNS
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Tab.13 Calculations of activity and balance

Stage Activity

Balance

Baseline 39.7+1.706

Mild stimulation

Severe stimulation

39.226+1.419

42.082+2.872°°

-12.63£10.12
-0.407+11.89%**

14.568+11.45344°¢

Mild stimulation versus baseline, *P<0.05, **P<0.01; Severe stimulation versus baseline,

4P<0.05, **P<0.01; Severe stimulation versus mild stimulation, ®P<0.05, ®®P<0.01

Tens—1-4233 rpn5=1 .9455

Fong=17546 1 =17447

Tene—2-1479 T <= 1-5256
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Fig.2 Simulation of the interaction between sympathetic nervous system (SNS) and parasympathetic nervous system (PNS)

Iws - Horizontal axis of the center of SNS; r,.: Horizontal axis of the center of PNS
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IR, Horp B XA SNS 5K 7, 1 (A DX
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BRI, PR A DR T AR, ) SNS (AR 35 1 X
W AR, PNS e, X 30 fil 8 ik 1 52 56 5 i
EAT 05 BT Y B (e DXl A 2 X sk A T R RN
Ze L PO REAS K B0 A5 3 14 s I 45 5, & 30 SNS
ik 1 5 N (P<0.01) , 5 52 I Ak o g ek g e
SNS i M 1) LFnorm & i & B4 i # A0 4F (P<0.01) 5
PNS ik )1 5 i R (P<0.01) , 5 S 8 b s el
S I 28 3% 1 (1) HF F HFnorm ' i 35 WA 3 AH 2
(P<0.01),

4 i+ ig

25 L TIR A SO AE B ANS 1 3 B Rl 1 1Y

F 14 TSR ERMLKSIREIT TR
Tab.14 Comparison of the relative changes of SNS and PNS

Stage SNS PNS

Baseline 17.302+1.804 22.442.67

Mild stimulation 19.577+2.793** 19.648+2.03%**

Severe stimulation 24.232+3.82944°° 17.85+1.6944°¢

Mild stimulation versus baseline, *P<0.05, **P<0.01; Severe stimulation
versus baseline, * P<0.05, * * P<0.01; Severe stimulation versus mild

stimulation, ®P<0.05, ®*®P<0.01

Brop AR R AR A BN G R o HRY 22 A A
g BERI 0 7E 14, BE AL L 38 N 30 B v ANS 1
B RIP P A A2 AL TR It B Sz i )i 38 A SNS
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MR TC RN B4 O IEARL ) #h 22 D RE Y E 7
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