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Quantitative evaluation of cold sensitivity in young women:
Development of alleviation strategy and

verification of its effectiveness
Yuka Iio

Approximately 50% of Japanese women in their 20’s experience cold sensitivity. 
Excessive cold sensitivity is associated with physical discomfort and can lead to 
complications during pregnancy and labor. Since cold sensitivity is not a disease, there 
are no diagnostic criteria, and the assessment of cold sensitivity is primarily performed 
by subjective evaluation. A quantitative assessment of cold sensitivity is necessary to 
clarify the physical characteristics associated with cold sensitivity. Alleviating cold 
sensitivity in young women is considered crucial for enhancing the well-being of women 
during pregnancy and delivery. In this study, “breathing exercises (BE)” were developed 
as a method for improving cold sensitivity in young women, and its effectiveness was 
verified. In addition, we aim to clarify the changes in autonomic nervous system activity 
during and after BE using pulse wave data.
In this study, we recruited “young women” as the participants and established the 

following three research objectives:
Objective 1: To evaluate cold sensitivity quantitatively using subjective and objective 
assessments.
Objective 2: To verify the effectiveness of BE in alleviating cold sensitivity.
Objective 3: To analyze the effects of BE on autonomic nervous system activity and 
examine the mechanism through which BE improve cold sensitivity.
Chapter 1 describes the background and purpose of this study.
In Chapter 2, we describe the results of our study, providing a clearer understanding of 

the interplay between subjective sensitivity to cold, skin temperature, and blood flow in 
young women. Young women were classified into cold-sensitive [Hie] and non-cold-
sensitive [non-Hie] groups based on their subjective sensitivity to cold. The skin 
temperature of the feet (STF) was significantly lower than that of the hands (STH) in the 
Hie group. The degree of sensitivity of the feet to cold (CSF) negatively correlated with 
both STH and STF.
We quantitatively assessed cold sensitivity and clarified that CSF and STF are possible 
indices of cold sensitivity among young women.
In Chapter 3, we describe the results of our study that verified the improvement in cold 

sensitivity in young women using the BE. Nine healthy female university students 
participated in the study. They initially participated in two sessions. The first session was 



on day one (1 Day-S), during which the participants performed relaxation exercises (R). 
The second session was on day two (2 Day-S), during which they performed BE. After 2 
Day-S, they performed BE at home, daily for four weeks. Additionally, we held one 
session per week for four weeks (1 4 Week-S). The BE included diaphragmatic exercises 
with a longer exhalation in comparison to the inhalation phase. They were performed at 
a rate of six breaths/minute for 14 min and 30 s. We measured the degree of cold 
sensitivity of the hands and feet (DHF) using a visual analog scale. The temperatures of 
the deep palm and sole (DS) and the surface of the thumb and big toe were measured 
using a core thermometer. The DHF during the 2 4 Week-S was significantly lower than 
that during 1 Day-S. The DS temperatures during 4 Week-S were significantly higher than 
those during 1 Day-S and 2 Day-S. In non-pregnant women, BE may potentially decrease 
the DHF and increase the daily temperature of the DS by approximately 4°C.

In Chapter 4, we describe the results of our study, which analyzed the effects of BE on 
the autonomic nervous system activity and examined the mechanism by which BE 
alleviates cold sensitivity. These were analyzed for estimating the relative pulse wave 
amplitude (rPWA) and length (rPWL). The results showed that the rPWL after five min 
of BE was significantly higher than that at the end of BE and that the rPWL during BE 
was lower than that before BE. Therefore, sympathetic activity was suggested to be 
dominant during BE, while parasympathetic activity was dominant after BE. Regarding 
the mechanism through which BE elevate peripheral skin temperature, it is noteworthy 
that both the “mechanical action of diaphragmatic movement by abdominal breathing” 
and the “action of the autonomic nervous system” are considered secondary rather than 
direct factors. Specifically, the action of the autonomic nervous system action involves 
the dominance of the parasympathetic activity after the BE.
Chapter 5 summarizes the thesis in the context of the primary findings of previous 

studies and describes the research outlook.
This study yielded the following outcomes: (1) We successfully elucidated the 

characteristics of cold sensitivity using subjective and objective evaluations. (2) The 
effectiveness of the BE developed in this study as a method for alleviating cold sensitivity 
in young women was validated, and it was suggested that continuing the BE in young 
women could reduce the perception of cold sensitivity in the hands and feet and increase 
the daily deep sole temperature by approximately 4°C. (3) The effects of BE on autonomic 
nervous system activity in young women were analyzed using pulse waves, and the 
mechanism by which BE increased peripheral skin temperature was elucidated.
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