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| ABSTRACT |

Study on the Correlation between Digital Infrared Thermal Imaging-induced
Severity of Cold Hypersensitivity of Hands and Feet and Heart Rate Variability

Hye-Lin Woo!, Yeon-Kyeong Pak', Joon-Ho Kim!, Kyoung-Sun Park?
Deok-Sang Hwang? Jin-Moo Lee®, Jun-Bock Jang?, Chang-Hoon Lee?
'Dept. of Clinical Korean Medicine, Graduate School, Kyung-Hee University
’Dept. of Korean Medicine Gynecology, College of Korean Medicine,
Kyung-Hee University

Objectives: Cold Hypersensitivity of Hands and Feet (CHHF) has been diagnosed
objectively by Digital Infrared Thermal Imaging (DITI) and has been known to be
associated with autonomic nervous system (ANS), which can be assessed by Heart
Rate Variability (HRV). This study evaluated the correlation between severity of
CHHF and HRV variables.

Methods: We studied 155 non-menopausal women with CHHF who visited Kyung
Hee University Hospital at Gangdong from 01 October 2013 to 30 April 2016. We
measured DITI and HRV of each patient. We used DITI to calculate the severlty of
CHHF with thermal difference between upper arm (L4, fRE5<) and palm (PS8, 25&=75%)
of both hands and anterior thigh (ST32, {k55%) and dorsum of foot (LI3, j(@rrx) of
both feet. The correlation between severity of CHHF and HRV variables were analyzed.

Results: In time domain analysis. there was significantly positive correlation
between the severity of CHHF and both SDNN and RMSSD. In frequency domain
analysis, there was significantly positive correlation between the severity of CHHF
and TP, HF and HF Norm while there was significantly negative correlation between
the severity of CHHF and LF Norm as well as between the severity of cold
hypersensitivity of both hands and LF/HF ratio.

Conclusions: The more severe CHHF is, the more increased the function of
parasympathetic nerve system (PNS) and relatively decreased the function of
sympathetic nerve system (SNS) is. Also, it has known that cold hypersensitivity
could be caused by deficiency syndrome and qi deficiency has the same ANS tendency
as CHHF. Therefore, in practical fields, this result can be helpful in planning
treatment and deciding prognosis in respect of deficiency syndrome.

Key Words: Severity of Cold Hypersensitivity of Hands and Feet., Digital Infrared
Thermal Imaging, Heart Rate Variability, Autonomic Nervous System
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Table 1. General Characteristics of
Subjects

Minimum Maximum i/ée%n
e s
ot w0 s

BOd{ngVfight 00 700 R
(kBgI)ﬁZ) 159 286 S

2. 794 AES HRV H4 &4

AT A 155%8] 1 SDNN-2 43.390+
19.436. v RMSSD+ 39.745+23.7039]
R, 3+ TP+ 1658.856+1588.733, H+F
LF+ 434.338+592.049, 3+ HF+= 525.014+
660.395, 3 LF/HF ratio 1.428+2.373
o] A=t (Table 2).
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Table 2. HRV Variable Characteristics of Subjects

Minimum Maximum Mean+SD
Time domain SDNN 9.595 120.121 43.390£19.436
variables RMSSD 6.897 124.976 39.745+23.703
TP 35.090 9259.386 1658.856+1588.733
VLF 21.295 6089.056 £99.612+754.187
Frequency LF 17.979 3670.129 434.338+592.049
domain HF 8.337 4215.478 525.014£660.395
variables LF Norm 9.960 96.445 47.571+19.418
HF Norm 3.555 90.040 52.429+19.418
LEF/HF Ratio 0.111 27.128 1.428+2.373

SDNN : standard deviation of normal-to-normal interval, RMSSD : the square root of the mean
squared differences of successive NN intervals, TP : total power., VLF : very low frequency.
LF : low frequency. HF : high frequency, LF Norm : normalized low frequency., HF Norm : normalized
high frequency

3. #FYF FFE ATEY EA4X +A& 23, 2FYF F5=9 SDNN,
xo A#AA EA RMSSD+ SAM SR o3 oF9 A%

AlZred e EMAE 011/\1 FP35 = *A7E sl sdek(Table 3).

Table 3. Correlation between Time Domain Variables and Severity of Cold
Hypersensitivity of Hands and Feet

AT ATy AT; ATy

SDNN Correlation coefficient 0.295 0.280 0.211 0.197
P-value 0.000** 0.000%* 0.008** 0.014*

RMSSD Correlation coefficient 0.362 0.342 0.235 0.216
P-value 0.000** 0.000%* 0.003** 0.007**

AT, : thermal difference between right upper arm and palm, AT : thermal difference between
left upper arm and palm, ATjs : thermal difference between right anterior thigh and dorsum of
foot, ATy : thermal difference between left anterior thigh and dorsum of foot, SDNN : standard
deviation of normal-to-normal interval, RMSSD : the square root of the mean squared differences
of successive NN intervals

P-value was considered statistically significant by Pearson's correlation coefficient (* : p<0.05
: p<0.01).

4. #FYF F3=9 FI999 4 A A 7F 9912, LF Norme 544 o
Az AARA A 2 o3t 2o AA 7Y ddeh LE/HF

Fal4ed] BAMA Z A TP, VLF, LF, ratiox & #HEIYFY F5=9 54
HF. LF Norm., HF Norm. LF/HF ratio HoZ {Fo3 o AARA UL
£ A% A 2595 559 TP v, %F SEIYFY FEEdE foF
HF, HF Norm< EAIA o2 {23 o ARB/A 7Y ebtA] kskek(Table 4).
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Table 4. Correlation between Frequency Domain Variables and Severity of Cold

Hypersensitivity of Hands and Feet

ATl ATQ ATS AT4

TP Correlation coefficient 0.256 0.235 0.189 0.196
P-value 0.001** 0.003** 0.019* 0.014*

VLF Correlation coefficient 0.081 0.063 0.058 0.062
P-value 0.318 0.434 0.476 0.442

LF Correlation coefficient 0.119 0.108 0.110 0.139
P-value 0.139 0.180 0.172 0.084

HF Correlation coefficient 0.416 0.396 0.289 0.277
P-value 0.000%* 0.000%* 0.000** 0.000%*

LF Norm Correlation coefficient -0.383 -0.373 —0.260. —0.24.9
P-value 0.000** 0.000** 0.001** 0.002%*

HF Norm Correlation coefficient 0.383 0.373 0.260' 0.249
P-value 0.000** 0.000** 0.001** 0.002%*

. Correlation coefficient -0.169 -0.159 -0.101 -0.086

LF/HF Ratlo P-value 0.036* 0.048* 0.211 0.289

ATy : thermal difference between right upper arm and palm, AT; :

thermal difference between

left upper arm and palm, ATjs : thermal difference between right anterior thigh and dorsum of
foot, ATy : thermal difference between left anterior thigh and dorsum of foot, TP : total power,

VLF : very low frequency, LF : low frequency, HF : high frequency, LF Norm :
: normalized high frequency
P-value was considered statistically significant by Pearson’s correlation coefficient (* :

frequency, HF Norm

0 p<0.01).
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