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ABSTRACT

The present study aimed to investigate the relationship between morphological parameters
and local cold tolerance in the fingers to improve cold-protective interventions for workers
under cold stress. Nine males (24.3 + 3.5 y in age, 177.3 + 4.1 cm in height, 73.1 + 10.4
kg in body weight, 14.0 + 3.4% in total body fat, and body mass index [BMI] of 23.2 +
2.9 kg/m? participated in a cold-induced vasodilation test (CIVD), for evaluating local
cold-tolerance. Subjects immersed the 3rd finger of one hand in water at a temperature of
4.5°C. The trial consisted of a 10-min rest, 30-min finger immersion into cold water, and
a 10-min recovery at an air temperature of 25°C. The results showed that the minimum and
maximum temperatures on the third finger (T and Tumay), the onset time of CIVD, and the
frequency of the CIVD waves were 5.7 + 1.7°C, 12.3 + 2.3°C, 3.8 + 1.1 min, and 6.6
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+ 1.1 times, respectively. There were significant relationships between the CIVD parameters
and total body fat (%BF), BMI, or body weight. Specifically, subjects with a greater %BF
or BMI had higher T (r=0.624 for %BF, r=0.595 for BMI) and Tma (r=0.700 for %BF,
1=0.645 for BMI). In addition, a higher CIVD frequency resulted in a higher finger temperature
during recovery after the cold immersion (r=0.698, p=0.037). These results indicate that
morphological parameters, such as total body fat and BMI, can reflect the local cold tolerance
of the hands. Individuals who have bulkier body physiques can better tolerate cold in

their hands.

Key words: cold stress, cold strain, cold resistance, physical fitness, body mass
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Table 1. Demographic and anthropometric characteristics of the subjects in the present study

Subject Age Height Body weight Total body BMIY BSA? Body type Body type based
y) (cm) kg) fat (%) (kg/m? (m?) based on BMI on body fat (%)

1 25 178.0 58.1 10.2 18.3 1.76 Lean Lean

2 20 171.0 56.6 8.6 19.4 1.69 Normal Lean

3 23 179.5 72.1 13.9 22.4 1.95 Normal Normal

4 30 174.6 73.4 17.6 24.1 1.92 Normal Normal

5 27 173.7 72.2 12.3 23.9 1.90 Normal Normal

6 27 185.0 83.2 13.8 24.3 2.11 Normal Normal

7 20 180.5 78.3 17.9 24.0 2.02 Normal Normal

8 26 176.0 76.2 13.5 24.6 1.96 Normal Normal

9 21 177.3 88.2 17.9 28.1 2.10 Overweight  Slightly overweight
Mean  24.3 177.3 73.1 14.0 23.2 1.93

SD 3.5 4.1 10.4 3.4 2.9 0.14

UBMI, Body mass index, ?BSA, Body surface area.
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40 50 60 @ The number of CIVD waves (frequency)

Mean finger temperature during recovery (Zrecovery)

© A resistance index of frostbite (RIF)

Fig. 1. Nine indexes for evaluating finger cold resistance using the cold-induced vasodilation test.
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Fig. 2. Time courses of individual finger temperature
(B) during the cold-induced vasodilation test

(A) and average finger and hand temperatures
in 4°C water.

Table 2. Cold-induced vasodilation (CIVD) parameters during the finger cold immersion test

Young males in

Lee et al.(2017)

the present study Older haenyeos Older non—diving  Young rural Young urban
(N=9) (N=22) females (N=25)  females (N=15) females (N=51)

Tiin (°C) 57 + 1.7 7.6 £ 2.7 6.4 + 2.2 54 + 113" 45 + 1.2¢
foneer (min) 38 + 1.1 42 + 1.7 48 + 1.5 44 + 0.7 50 + 1.1
Toax (°O) 123 £ 23 12.6 + 3.0° 129 + 2.2 16.6 + 1.9 10.6 + 2.9¢°
Thean (°C) 103 + 23 104 + 2.5° 109 + 1.8 134 + 1.6 84 + 2.1
foeae (min) 38 + 14 126 + 7.3 124 + 45 11.0 + 2.7 13.0 + 3.7
Toax = Tain O 6.7 + 2.5 5.0 + 2.2 6.5 + 2.6 112 + 2.2 6.0 £ 2.7°
Frequency of CIVD ¢ ¢y 15 39 + 22° 29 + 12° 55+ 25" 28+ 16
waves
I Q) 292 + 2.2 324 + 08 313 + 1.6V 328 + 1.1° 31.9 + 2.0%
reeovery (recovery 10 min) (recovery 20 min) (recovery 20 min) (recovery 20 min) (recovery 20 min)
Resistance Index of o), 88 + 0.4° 88 + 1.6° 9.0 £ 0.0 8.1 + 0.8

Frostbite, RIF

*b<Group differences by Tukey’s honest significance test (HSD); post—hoc test; Significant difference from

Haenyeos at p<0.05.
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13 15 @ 14
12 H A 14 B ® 13 c o
11 4 I’=0.624, P=0.073 13 12 __ O O
10 ] 12 ] o ® 1] © o
— — b
i i Q 10
2! S Nl
£ ) % 7 nE) 9 7]
E - E ¢ i
-7 =9 |_E 8 o}
6 | 8 | 74 0O
5 w 74 @ 6
O O ]
4 O 6 } 5 i} g
r=0.700, P=0.036 J r=0.809, P=0.008
3 L I L L I I ] TTTrTrTrTrTrrTrrTrrrTroor T 4 rmrrrrrrrrr1rrrr-1rrrri
7 8 91011121314 1516 17 18 19 7 8 910111213 141516 17 18 19 7 8 910111213 14 15 16 17 18 19
Total body fat (%) Total body fat (%) Total body fat (%)

Fig. 3. Relationship between total body fat (%) and CIVD parameters: Tmin (A), Tmax (B) and

Tmean (C) (N=9).

Table 3. Correlation coefficients between CIVD parameters and morphological factors

Relationships r P value
Total body fat (%) X Tumin 0.624 0.073
Total body fat (%) X Tiax 0.700 0.036
Total body fat (%) X Tmean 0.809 0.008
Body mass index X Ty 0.595 0.091
Body mass index X Tpax 0.645 0.060
Body mass index X Tiean 0.739 0.023
Body weight X Onset time 0.717 0.030
Body weight X Frequency -0.684 0.042
Tmin X Onset time -0.707 0.033
Tmin X Peak time -0.675 0.046
Tiax X Tinean 0.798 0.010
Frequency X Trecovery 0.698 0.037
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