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The cold-sensitivity constitution (CSC), termed “Hiesho” in Japanese, is a woman-specific cold sense of 
peripheral sites.  The etiology of and criteria for CSC are not yet well established.  We defined CSC as 
temperature gradient > 6˚C between body surface and core, and investigated the autonomic nervous 
activity by measuring heart rate variability and the vascular endothelial function by determining reactive 
hyperemia index (RHI) in 43 healthy premenopausal women, aged 18-47 years.  Twenty five women had 
CSC during both the follicular and luteal phases of their menstrual cycles (sustained-CSC group), 8 women 
did not show CSC during both phases (non-CSC group), and the remaining 10 women showed CSC in 
either menstrual phase (occasional CSC).  To identify the pathophysiological bases of CSC, we compared 
the sympathetic nervous activity and vascular endothelial function between sustained-CSC and non-CSC.  
We thus found that sympathetic nervous activity was higher among the sustained-CSC group (p = 0.042) 
during the follicular phase, compared with the non-CSC group, while the RHI was similar in both groups.  
Furthermore, the sympathetic nervous activity was similar between the sustained-CSC women aged ≥ 40 
years (n = 10) and those aged < 40 years (n = 15) during either menstrual phase, whereas the RHI of the 
women aged < 40 years was lower during the follicular phase (p = 0.045), compared with the women aged 
≥ 40 years.  In conclusion, CSC is associated with sympathetic nervous hyperactivity in premenopausal 
women, and vascular endothelial dysfunction is also involved in CSC among younger women.
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Introduction
A cold-sensitivity constitution (CSC), termed “Hiesho” 

in Japanese, is a sensation of coldness, in which an individ-
ual perceives extremities to be cold or is unable to warm 
them.  Formerly, CSC was seen mainly in menopausal 
women, whose serum estrogen levels were decreased 
(Melby 2007).  Recently, however, CSC has often been 
seen even among younger women (Kimura and Asami 
2016).  The CSC is mainly considered to be an indefinite 

complaint and not life-threatening, and therefore is not a 
focus of medical care.  Nevertheless, the CSC is often asso-
ciated with other subjective complaints such as thirst, head-
ache, edema, shoulder stiffness, and fatigue, in addition to a 
sense of coldness (Mori et al. 2018); all of which substan-
tially leads to a poor quality of life, and possibly leads to 
another illness, such as depression.  Although a number of 
women are affected by a CSC, the etiology of and criteria 
for the CSC are not yet well established.  In addition, 
whether the CSC is modulated by the menstrual cycle has 
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not been clarified.    
Although the CSC depends on an individual’s percep-

tion, its pathophysiological manifestations are a decrease in 
skin temperature and a disturbance in the peripheral circula-
tory system (Takatori 1992; Ushiroyama 2005; Nakamura 
2008; Ogata et al. 2017), both of which might be closely 
associated with hyperactivity of the sympathetic nervous 
system (Ogata et al. 2017).  The peripheral circulation 
depends upon vascular endothelial function, which is mod-
ulated by vascular inflammation and oxidative stress (Inoue 
and Node 2006).

Reactive hyperemia-peripheral arterial tonometry 
(RH-PAT) is an established method for estimating the endo-
thelial function of the microvasculature (Liu et al. 2009).  
Estrogen, the production of which declines after the age of 
40 years, affects both vascular endothelial function and the 
autonomic nervous activity of women (Lenton et al. 1984; 
Hashimoto et al. 1995; Kawano et al. 1996; Tsutsumi et al. 
2003).  

To our best knowledge, there are no published reports 
on both the autonomic nervous activity and vascular endo-
thelial function in women with CSC.  Furthermore, objec-
tive criteria for the identification of CSC have not yet been 
established.  Hence, in this study of premenopausal women 
during the follicular phase and luteal phase of their men-
strual cycle, we used RH-PAT and electrocardiography to 
assess microvascular endothelial function and heart rate 
variability.  We also measured biomarkers relevant to vas-
cular inflammation and oxidative stress.  

Materials and Methods
Study participants and protocol

The study participants included 43 healthy premeno-
pausal women, aged 18 - 47 (27.6 ± 9.5) years, who were 
students or workers at Dokkyo Medical University.  After 
campus interview, they had assented the objective and sig-
nificance of this study and volunteered to cooperate in (i.e., 
: non-random assignment).  None of the participants had a 
history of illness, or were taking medications and/or supple-
ments.  The study was carried out from October 2018 to 
April and from December 2019 to February 2020.  Takatori 
et al. (1991) demonstrated that the difference between the 
highest temperature of the body and the lowest temperature 
of the limbs was observed in 88% of the women complain-
ing coldness when the average atmospheric temperature in 
a month was more than 15℃.  Therefore, we carried out 
this study from autumn to winter.  

The normal menstrual cycle was defined as ranging 
from 25 to 38 days (Mihm et al. 2011).  Depending on each 
participant’s self-assessment of prior menses, the duration 
of each menstrual period was calculated from the lengths of 
her last 2 menstrual cycles.  The start of menses was deter-
mined to be day 1, and the following period from day 7 to 
12 was regarded as the follicular phase, and the subsequent 
7 days until the self-predicted next menses as the luteal 
phase.  

Each participant underwent twice tests at both follicu-
lar phase and luteal phase, because, in premenopausal 
period, woman’s body temperature fluctuates during men-
strual cycle.  The tests included temperatures of the right 
hallux, dorsal aspect of the hand and feet, mesosternum and 
eardrum; electrocardiography for heart rate variability; 
RH-PAT for vascular endothelial function; and blood tests.  
The follicular and luteal phases were distinguished by a dif-
ference of > 0.4˚C between the temperatures of the eardrum 
at the 2 phases (Stephenson and Kolka 1985).  We used a 
questionnaire to collect information on each participant’s 
age, exercise habit, current smoking, current drinking, and 
dates of the last 2 menses.  

The tests were performed at 7 to 9 AM in a room with 
controlled temperature and relative humidity, with mean 
values of 20.3˚C and 27.2%, respectively.  Each participant 
underwent testing after overnight fasting and abstained 
from alcohol, smoking, caffeine, and excessive exercise for 
at least 12 hr before testing.  Each participant was advised 
to obtain sufficient sleep.  

This study was conducted in accordance with the 
Declaration of Helsinki.  The study protocol was approved 
by the local institutional review board (Dokkyo Medical 
University Review Board: Authorization No. 29014), and 
written informed consent was obtained from each partici-
pant before the study.  

Measurement of body temperature 
The eardrum temperature was used for the core tem-

perature.  It was measured in the right ear 1 time by a 
CTD505 ear thermometer (Citizen Systems, Tokyo, Japan).  
The skin temperatures of the right hallux, dorsal aspect of 
the hand and feet, and mesosternum were measured simul-
taneously by a high-accuracy 8-channel wireless thermom-
eter (Nikki-Thermo, Tokyo Japan).  The CSC was defined 
based on prior studies (Takatori 1992; Ogata et al. 2017), as 
a temperature of the right eardrum minus that of the right 
hallux equal to > 6˚C.  

Reactive hyperemia index
The RH-PAT device (Endo-PAT2000; Itamar Medical, 

Caesarea, Israel) was used to determine the reactive hyper-
emia index (RHI), which reflects microvascular endothelial 
function (Bonetti et al. 2004; Rubinshtein et al. 2010).  The 
device was placed on the index finger of each hand.  A tour-
niquet cuff was placed around the nondominant forearm.  
After 5 minutes of rest, the cuff was inflated to 200 mmHg, 
and the pressure was maintained for 5 minutes to induce 
reactive hyperemia following reperfusion by the cuff defla-
tion.  The pulse amplitude, as detected by this device was 
electronically recorded.  The extent of reactive hyperemia 
was calculated as the ratio of the average pulse amplitude 
of the signal from the device over an interval of 1 min, 
starting 1.5 min after cuff deflation, to the mean pulse 
amplitude over a 2.5-min time period before cuff inflation.  
The RHI value was calculated as the ratio of the reactive 
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hyperemia value measured for each hand of the participant.  
Moreover, the augmentation index (AI) value, which we 
used to represent the degree of vessel stiffness, and the AI 
value corrected for a heart rate of 75 bpm were simultane-
ously calculated.  According to the prior study (Tanaka et 
al. 2018), RHI cutoff values were provided as 1.67 and 2.10 
(< 1.67 for abnormal, ≥ 1.67 and < 2.10 for borderline, and 
≥ 2.10 for normal).

Heart rate variability 
After each participant rested in the supine position for 

20 min, wireless radiofrequency and electrocardiography 
sensors (GMS, Tokyo, Japan) were attached to the partici-
pant’s chest, and electrocardiographic complexes were 
recorded for 15 minutes.  The maximum entropy method 
and MemCalc/Bonaly Light real-time analysis software 
(GMS) were used for heart rate variability, which was based 
on R-R intervals.  In the frequency analysis, the ratio of 
low-frequency (LF) domain (0.04-0.15 Hz) to high-fre-
quency (HF) domain (0.15-0.40 Hz) was calculated as 
mean/10 seconds.  The HF domain is generally considered 
a true indicator of vagal nerve activity.  The LF domain 
reflects the activities of both the vagal and sympathetic ner-
vous systems; thus, the LF/HF ratio is generally considered 
to be an indicator of sympathetic nervous activity (Kleiger 
et al. 2005).  The reference value of HF is 975 ± 203 msec2 
and that of LF/HF ranges from 1.5 to 2.0 (Task Force of the 
European Society of Cardiology and the North American 
Society of Pacing and Electrophysiolog 1996).  

Blood testing 
Routine tests consisted of the following: blood cell 

count; fasting glucose; and serum total cholesterol, high-
density lipoprotein cholesterol, low-density lipoprotein 
cholesterol, and triglycerides (LSI Medience, Tokyo, 
Japan).  High-sensitivity C-reactive protein (hsCRP) was 
measured by particle-enhanced technology on the Behring 
BN II nephelometer (Dade Behring, Newark, DE, USA), 
which used monoclonal anti-CRP antibodies and a calibra-
tor that was traceable to WHO Reference Material (Rifai et 
al. 1999).  Inflammatory biomarkers such as interleukin 
(IL)-6 and IL-8, and endothelium-related biomarkers such 
as vascular endothelial growth factor (VEGF) and intercel-
lular molecule-1 (ICAM-1) were measured by the Luminex 
micro-beads array system (Luminex, Austin, TX, USA), 
which is a multiplex assay capable of simultaneously quan-
tifying the levels of many biomarkers.  The assay was con-
ducted according to the manufacturer’s instructions, and 
used a commercially available kit (BioSource International, 
Inc., Camarillo, CA, USA) (Carson and Vignali 1999).  
Assays (Diacron International, Grosseto, Italy) for the 
derivatives of reactive organ metabolites (d-ROMs) and 
biological anti-oxidant potential (BAP) were performed to 
assess oxidative stress status and antioxidant status, respec-
tively (Cornelli et al. 2001).

Statistical analysis
Data are expressed as means ± standard deviation for 

continuous variables and numbers and percentages for cate-
gorical variables.  The Kolmogorov-Smirnov test with 
Lilliefors’ correlation was used to assess the normality of 
the distribution of continuous variables.  Intergroup com-
parisons were performed by the unpaired t-test for paramet-
ric data and the Mann-Whitney U-test for nonparametric 
data.  The chi-squared test was used to compare categorical 
variables.  The VEGF data were analyzed as categorical 
variables, where a value < the limit of measurement sensi-
tivity was considered “negative” and a value > the limit was 
considered “positive”.  p values < 0.05 were considered sta-
tistically significant.  The Statistical Package for the Social 
Sciences software (19.0J for Windows, IBM/SPSS, 
Chicago, IL, USA) was used for analysis.

Results
Categorization of CSC

The participants were divided into 3 categories based 
on time of occurrence of CSC, as follows: (1) CSC during 
both the follicular phase and luteal phase (sustained CSC), 
(2) CSC during either the follicular phase or the luteal 
phase (occasional CSC), and (3) CSC during neither the 
follicular phase nor the luteal phase (non-CSC).  Of 43 par-
ticipants, sustained CSC was noted in 25 (58.1%, aged 30.2 
± 10.4), non-CSC in 8 (18.6%, aged 22.5 ± 2.9 years), and 
occasional CSC in 10 (23.3%, aged 25.1 ± 8.5 years).  Of 
10 participants categorized with occasional CSC, 8 (80%) 
manifested CSC during the luteal phase only, and 2 (20%) 
during the follicular phase only.  

Baseline characteristics of participants with sustained CSC 
vs. non-CSC

To identify significant characteristics of patients with 
CSC, we compared participants with sustained CSC (n = 
25) vs. non-CSC (n = 8).  There were no significant differ-
ences in the height, body weight, body mass index, current 
smoking, drinking, and exercise habits between participants 
with sustained CSC and those with non-CSC (Table 1).  

Variables of participants with sustained CSC vs. non-CSC 
during each menstrual phase

During both the follicular and luteal phases, tempera-
tures of the right hallux (p < 0.001, p < 0.001; follicular 
phase and luteal phase, respectively), dorsal aspect of the 
right hand (p = 0.013, p < 0.001), and top of the right foot (p 
< 0.001, p < 0.001) were lower in participants with sus-
tained CSC compared to those with non-CSC, although the 
temperatures of the mesosternum and the eardrum were 
similar between the 2 groups.  The heart rate, blood pres-
sure, AI, and AI corrected for 75 bpm were also similar 
between the 2 groups during each menstrual phase (Table 
2).  
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Reactive hyperemia index and heart rate variability in the 
sustained CSC vs. non-CSC participants 

Similar RHI values were found for the sustained CSC 
vs. non-CSC participants during both the follicular phase 
(1.92 ± 0.60 vs. 1.65 ± 0.32) and luteal phase (1.88 ± 0.41 
vs 1.75 ± 0.39) (Fig. 1A).  In the sustained CSC partici-
pants, the LF/HF ratio was significantly higher during the 
follicular phase (1.3 ± 0.9 vs. 0.8 ± 0.3, p = 0.042) and 
tended to be higher during the luteal phase (1.2 ± 1.0 vs. 0.7 
± 0.3, p = 0.053) than in the non-CSC participants (Fig. 
1B).  In the sustained CSC participants, the HF value 

tended to be lower during the follicular phase (644 ± 451 
vs. 1,757 ± 1,445 msec2, p = 0.067), and was significantly 
lower during the luteal phase (549 ± 453 vs. 1,187 ± 791 
msec2, p = 0.022) than in the non-CSC participants (Fig. 
1C).

Results of blood testing, including biomarker levels, in the 
sustained CSC vs. non-CSC participants 

In the sustained CSC participants, the white blood cell 
count tended to be lower during the follicular phase (p = 
0.065) and was significantly lower during the luteal phase 

Table 1.  Comparison  of baseline characteristics between sustained-CSC and non-CSC participants. 

 Overall
(n = 43) 

Sustained CSC
 (n = 25) 

Non-CSC
(n = 8) p value 

Age; yr 27.6 ± 9.5 30.2 ± 10.4 22.5 ± 2.9 0.245
Height; cm 160.2 ± 5.8 160.2 ± 6.4 159.7 ± 5.6 0.845
Weight; kg 54.7 ± 7.7 52.6 ± 7.2 57.0 ± 8.1 0.176
BMI; kg/m2 21.3 ± 2.9 20.5 ± 2.6 22.3 ± 2.1 0.085
Current smoking;  n (%) 1 (2.3) 1 (4.0) 0 (0) 0.758
Drinking; n (%) 5 (11.6) 2 (8.0) 1 (12.5) 0.578
Exercise habit; n (%) 6 (14.0) 6 (24.0) 0 (0) 0.160

CSC, cold-sensitivity constitution; BMI, body mass index.

Table 2.  Comparison of quantitative variables between sustained-CSC and non-CSC participants during each menstrual phase. 

 
 Follicular phase  Luteal phase 

Sustained CSC
(n = 25) 

Non-CSC
(n = 8) p value Sustained CSC

(n = 25) 
Non-CSC

(n = 8) p value 

Temperature hallux (˚C) 25.4 ± 2.3 33.5 ± 1.2 < 0.001 25.1 ± 2.6 32.8 ± 1.3 < 0.001 
Temperature dorsal hand  (˚C) 33.2 ± 1.5 34.6 ± 0.5 0.013 32.4 ± 1.8 34.8 ± 0.4 < 0.001 
Temperature dorsal foot (˚C) 29.9 ± 1.6 32.9 ± 1.0 < 0.001 30.1 ± 1.8 32.9 ± 0.9 < 0.001 
Temperature mesosternum (˚C) 34.6 ± 0.4 34.6 ± 0.6 0.940 35.1 ± 0.6 34.7 ± 0.6 0.122
Temperature eardrum (˚C) 36.2 ± 0.4 36.1 ± 0.4 0.832 36.8 ± 0.4 36.5 ± 0.7 0.116
Heart rate (bpm) 60.5 ± 6.6 61.4 ± 8.5 0.769 61.4 ± 10.7 60.3 ± 5.8 0.774
Systolic blood pressure (mmHg) 102 ± 9 99 ± 9 0.444 101 ± 9 104 ± 10 0.471
Diastolic blood pressure (mmHg) 64 ± 8 64 ± 7 0.807 63 ± 7 63 ± 8 0.951
AI (%) 1.8 ± 14.6 –5.8 ± 8.3 0.173 –0.3 ± 14.4 –6.4 ± 4.2 0.636
AI adjusted to 75 bpm –6.7 ± 13.9 –14.6 ± 6.8 0.135 –8.0 ± 13.3 –12.9 ± 5.0 0.445
White blood cell (/µL) 4,836 ± 1,195 6,450 ± 2,053 0.065 5,348 ± 1,218 7,312.5 ± 2,238 0.003
Red blood cell (/µL) 435 ± 28 446 ± 25 0.346 442 ± 29 455 ± 28 0.280
Hemoglobin (g/dL) 14.3 ± 6.1 13.2 ± 0.7 0.951 13.3 ± 1.1 13.4 ± 1.0 0.804
Hematocrit (%) 40 ± 4 41 ± 2 0.885 41 ± 3 42 ± 3 0.391
Platelet (/µL) 29.5 ± 15.1 28.5 ± 6.5 0.696 25.9 ± 5.4 27.1 ± 4.0 0.573
Fasting glucose (mg/dL)  79.5 ± 7.3 80.5 ± 3.6 0.617 79.8 ± 6.6 78.9 ± 5.5 0.735
Hemoglobin A1C  (%) 5.2 ± 0.2 5.1 ± 0.2 0.408 5.2 ± 0.3 5.1 ± 0.1 0.334
Triglyceride (mg/dL) 65 ± 31 64 ± 25 0.636 58 ± 24 62 ± 20 0.654
Total-cholesterol (mg/dL) 189 ± 33 174 ± 22 0.232 183 ± 32 177 ± 36 0.637
HDL-cholesterol (mg/dL) 70 ± 11 64 ± 9 0.149 69 ± 13 65 ± 9 0.419
LDL-cholesterol (mg/dL) 105 ± 27 96 ± 21 0.388 101 ± 26 98 ± 30 0.798
hsCRP (mg/dL) 0.06 ± 0.10 0.06 ± 0.10 0.470 0.03 ± 0.05 0.04 ± 0.03 0.098

CSC, cold-sensitivity constitution; AI, augmentation index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
hsCRP, high-sensitivity C-reactive protein.
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than in the non-CSC participants (p = 0.003).  The hsCRP 
level was similar during the follicular phase between both 
the sustained CSC and non-CSC participants, but the level 
tended to be lower in the sustained CSC participants during 
the luteal phase (p = 0.098) (Table 2).  The level of d-ROMs 
was similar between the participant groups for each men-
strual phase.  Although the BAP value during the follicular 
phase was similar between the sustained CSC and non-CSC 
participants, the value tended to be higher during the luteal 
phase in the sustained CSC than in the non-CSC partici-
pants (p = 0.098).  The IL-6, IL-8, VGEF, and ICAM-1 lev-
els were similar between the sustained CSC and non-CSC 
participants during each menstrual phase (Table 3).  

Comparison between the sustained CSC participants aged 
< 40 vs. those aged ≥ 40

As mentioned in the introduction, we divided partici-
pants into young and elder women at age of 40 according to 

prior studies (Lenton et al. 1984; Hashimoto et al. 1995; 
Kawano et al. 1996; Tsutsumi et al. 2003).  Of the 25 par-
ticipants with sustained CSC, 15 were aged < 40 (22.7 ± 
4.7) years and 10 were aged ≥ 40 (42.0 ± 2.4 years: p < 
0.001).  There were no significant differences in the height, 
body weight, body mass index, current smoking, drinking, 
and exercise habits between sustained CSC participants 
aged < 40 years and those aged ≥ 40 years (Table 4).

In the sustained CSC participants aged < 40, the RHI 
value was significantly lower during the follicular phase 
(1.73 ± 0.55 vs. 2.22 ± 0.58, p = 0.045) and tended to be 
lower during the luteal phase (1.76 ± 0.43 vs. 2.07 ± 0.33, p 
= 0.071) than in those aged ≥ 40 years (Fig. 2A).  There 
was no significant difference in the LH/HF ratio between 
the sustained CSC participants aged < 40 years and those 
aged ≥ 40 years during both the follicular phase (1.1 ± 0.9 
vs. 1.3 ± 0.7) and luteal phase (1.3 ± 1.1 vs. 1.1 ± 1.0) (Fig. 
2B).  The HF value was significantly higher in the sustained 
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CSC participants aged < 40 years than in those aged ≥ 40 
years both during the follicular phase (1,131 ± 1,214 vs. 
295 ± 299 msec2, p = 0.045) and luteal phase (929 ± 760 vs. 
225 ± 150 msec2, p = 0.003) (Fig. 2C).  

The level of d-ROMs was similar between the sus-
tained CSC participants aged < 40 years and those aged ≥ 
40 years similar during each menstrual phase.  Although the 
BAP value was similar between the sustained CSC partici-
pants aged < 40 years and those aged ≥ 40 years during the 
follicular phase, the value was significantly higher in the 
participants aged < 40 years than in those aged ≥ 40 years 
during the luteal phase (p = 0.007).  Although the IL-8 level 
was similar between the participants aged < 40 years and 
those aged ≥ 40 years during the follicular phase, the level 
was significantly lower in the participants aged < 40 years 
than in those aged ≥ 40 years during the luteal phase (p = 
0.021).  The levels of IL-6 and ICAM-1 were similar 
between the participants aged < 40 years vs. those aged ≥ 
40 years during both menstrual phases.  The VEGF positiv-
ity rate was similar between the participants aged < 40 
years and those aged ≥ 40 years during the follicular phase 
but tended to be lower in the participants aged < 40 years 
than in those aged ≥ 40 years the during the luteal phase 
(Table 5).  

Discussion
Although the CSC is common in menopausal women 

because of a decrease in estrogen production, it may also 
appear in younger women.  Therefore, we targeted pre-
menopausal women of a broad age range in this study, since 
we hypothesized that the mechanism for the development 
CSC might be different in young women compared with 
older women.  In most previous reports, the identification 
of CSC was based on subjective symptoms such as cold 
sensitivity, with a small amount of information being 
reported on CSC identified by objective criteria.  In this 
study, regardless of a participant’s symptoms, we used an 
objective criterion, namely, the difference between the tem-
peratures of the surface of peripheral skin and the ear drum, 
representing the core temperature, to identify the CSC.  In 
addition, we divided participants into 3 categories: CSC 
during both the follicular phase and luteal phase (sustained 
CSC), CSC during either the follicular phase or the luteal 
phase (occasional CSC), and CSC during neither the follic-
ular phase nor the luteal phase (non-CSC).  We found that 
sustained CSC was present in 25 (58.1%) and occasional 
CSC in 10 (23.3%) of the 43 healthy premenopausal 
women we assessed.  Thus, in our study, 81.4% of the par-
ticipants had a CSC.  Previous studies reported that a CSC 

Table 3.  Comparison of biomarkers relevant to vascular endothelial function between sustained-CSC and non-CSC participants 
during each menstrual phase. 

 
Follicular phase Luteal phase 

Sustained CSC
(n = 25) 

Non-CSC
 (n = 8) p value Sustained CSC

 (n = 25) 
Non-CSC
 (n = 8) p value 

d-ROMs; U.CARR 312 ± 69 325 ± 42 0.496 323 ± 68 354 ± 73 0.284
BAP; μM/L 2,800 ± 488 2,807 ± 160 0.310 3,108 ± 671 2,844 ± 556 0.098
IL-6; pg/mL 0.7 ± 0.5 0.8 ± 0.5 0.254 0.8 ± 0.6 0.6 ± 0.2 0.726
IL-8; pg/mL 2.8 ± 2.2 2.7 ± 0.7 0.374 2.5 ± 1.2 2.1 ± 1.0 0.371
ICAM-1; ng/mL 114 ± 20 103 ± 14 0.236 114 ± 22 107 ± 14 0.445
VGEF positive; n (%) 14 (56.0) 5 (62.5) 0.539 14 (56.0) 6 (75.0) 0.299

CSC, cold-sensitivity constitution; d-ROMs, derivative reactive oxygen metabolites; BAP, biological antioxidant potential; 
IL, interleukin; ICAM, intercellular adhesion molecule; VEGF, vascular endothelial growth factor. 

Table 4.   Comparison of baseline characteristics between sustained-CSC participants aged < 40 years 
and those aged ≥ 40 years. 

 Aged < 40
(n = 15) 

Aged ≥ 40
(n = 10) p value 

Age; yr 22.7 ± 4.7 42.0 ±2.4 < 0.001 
Height; (cm) 161.1 ± 7.4 158.9 ± 4.5 0.413
Weight; (kg) 52.5 ± 7.1 52.6 ± 7.8 0.966
BMI; (kg/m2) 20.2 ± 2.0 20.9 ± 3.4 0.527
Current smoking; n (%) 1 (6.7) 0 (0) 0.600
Drinking; n (%) 1 (6.7) 2 (20.0) 0.346
Exercise habit; n (%) 4 (26.7) 2 (20.0) 0.545

CSC, cold-sensitivity constitution; BMI, body mass index.
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was present in 50% of their female participants (Miyamoto 
et al. 1995; Mori et al. 2018).  Thus, we believe that we 
were able to identify a subclinical CSC by using an objec-
tive criterion to identify a CSC.  

Occasional CSC
Because the CSC is usually found in women, it is pos-

sibly associated with the menstrual cycle.  To our best 
knowledge, there have been no published reports on the 
relationship between the menstrual cycle and the incidence 
of a CSC, especially a CSC identified by a quantitative cri-
terion, as was used in our study.  Of the 10 participants 
identified with occasional CSC, 8 women (80%) had CSC 
during the luteal phase only and 2 (20%) during the follicu-
lar phase only.  The result suggests that the CSC is easy to 
be found in the luteal phase, compared with follicular 
phase.  Regardless, when screening for the incidence of 
CSC, the accurate identification of the menstrual phase of 

the cycle of each participant is necessary, or to measure 
body temperatures in both menstrual phases.  In this study, 
to assess the significant characteristics of the CSC, we com-
pared the 2 other groups of participants, those with sus-
tained CSC (n = 25) and those with non-CSC (n = 8), and 
excluded the participants with the occasional CSC.  Even in 
our small-sized challenge, we could not conceive exactly 
how such occasional change associate with mechanism of 
CSC, and how we should deal with occasional CSC women.  
Therefore, in this study, we compared the 2 other groups of 
participants, those with sustained CSC and those with non-
CSC, excluding the participants with the occasional CSC, 
because the sustained CSC might associate to the funda-
mental mechanism of CSC.

Activity of the autonomic nervous system and CSC
Changes in the serum levels of estrogen and progester-

one during the menstrual cycle affect the mechanisms that 
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Fig. 2.  Comparison between younger and elder women among sustained CSC group.  
 RHI, reactive hyperemia index; LF/HF, low frequency/high frequency; HF, high frequency.
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establish and regulate the core temperature (Kolka and 
Stephenson 1997; Inoue et al. 2005; Kuwahara et al. 2005).  
During the luteal phase, progesterone elevates not only the 
core temperature’s setpoint but also the temperature and 
blood flow of the forearm (Hessemer and Brück 1985; 
Stephenson and Kolka 1985; Hassan et al. 1990; Petrofsky 
et al. 2007).  On the other hand, Bartelink et al. (1990) 
demonstrated that the temperature and blood flow of the 
fingertip during the luteal phase are lower than those during 
the follicular phase.  They postulated that sympathetic ner-
vous activity and the ratio of estrogen to progesterone 
might account for the discrepancy.  

Sympathetic nervous hyperactivity and vagal hypoac-
tivity appear to be more common during the luteal phase 
than in the follicular phase (Tada et al. 2017).  During the 
luteal phase, peripheral vasoconstriction via sympathetic 
nervous hyperactivity may lead to an elevated core temper-
ature.  In our results, vagal nervous activity, as demon-
strated by HF, tended to be lower during the luteal phase, 
compared to the follicular phase in all the participants, 
although sympathetic nervous activity, as demonstrated by 
LF/HF, was similar between the 2 phases.  

We found that sympathetic nervous activity was signif-
icantly higher during the follicular phase and tended to be 
higher during the luteal phase in the sustained CSC partici-
pants, compared to the non-CSC participants, while the 
vagal nervous activity of the sustained CSC participants 
tended to be lower during the follicular phase and was sig-
nificantly lower during the luteal phase than those of the 
non-CSC participants.  Contrary to the core temperature, 
the surface temperature of the extremities was significantly 
lower in the sustained CSC participants.  These results sug-
gest that sympathetic nervous hyperactivity might affect the 
peripheral circulation, leading to a subsequent decrease in 
the surface temperature of the extremities, and thus to the 
incidence of CSC.  

We also compared the autonomic nervous activity of 
the participants (n = 15) aged < 40 years with sustained 
CSC and that of the participants (n = 10) aged ≥ 40 years 
with sustained CSC.  The sympathetic nervous activity was 

similar between the 2 groups during both follicular and 
luteal phases, while the vagal nervous activity was higher 
in the participants aged < 40 years during both menstrual 
phases.  The results suggest that sympathetic nervous activ-
ity might be independent of aging but vagal nervous activ-
ity might decrease with aging, which is consistent with a 
previous study (Yukishita et al. 2010), also of CSC partici-
pants.

Vascular endothelial function and biomarkers 
We assessed the vascular endothelial function of the 

microvasculature of our study participants using the estab-
lished method of RH-PAT.  Although vascular endothelial 
function is thought to be associated with sympathetic ner-
vous activity, the RHI, as determined from the RH-PAT 
method, has not been found to be affected by autonomic 
nervous activity (Bonetti et al. 2004; Rubinshtein et al. 
2010).  We found that the RHI was similar in the partici-
pants with sustained CSC and those with non-CSC during 
both menstrual phases.  However, the RHI was significantly 
lower during the follicular phase and tended to be lower 
during the luteal phase in the sustained CSC participants 
aged < 40 years, compared to the sustained-CSC partici-
pants aged ≥ 40 years.  This result suggests that impaired 
microvascular endothelial function might be involved in 
microcirculatory disturbance, independently of autonomic 
nervous activity, resulting in the occurrence of a CSC in 
young women.  In women with advanced reproductive age, 
such as those aged ≥ 40 years, the follicular fluid contains 
estrogen, which has a secondary vasodilatory effect via 
endothelial NO production (Hayashi et al. 1995), which is 
stronger than the vasodilatory effect occurring in younger 
women (Klein et al. 1996).  Thus, vascular endothelial 
function might have been maintained in our participants 
aged ≥ 40 years but might have been impaired in our partic-
ipants aged < 40 years.

We found that the white blood cell count tended to be 
lower during the follicular phase and was significantly 
lower during the luteal phase in the participants with sus-
tained CSC, compared to the non-CSC participants.  In 

Table 5.  Comparison of biomarkers relevant to vascular endothelial function between sustained-CSC participants aged < 40 
years and those aged ≥ 40 years. 

 Follicular phase Luteal phase 

< 40 y
(n = 15) 

≥ 40 y
(n = 10) p value < 40 y

(n = 15) 
≥ 40 y

(n = 10) p value 

d-ROMs; U.CARR 310 ± 71 315 ± 70 0.807 310 ± 27 343 ± 101 0.341
BAP; µM/L 2,843 ± 436 2,737 ± 576 0.338 3,364 ± 744 2,724 ± 262 0.007
IL-6; pg/mL 0.8 ± 0.6 0.6 ± 0.3 0.892 0.8 ± 0.6 0.8 ± 0.6 0.935
IL-8; pg/mL 2.5 ± 0.9 3.3 ± 3.4 0.849 2.0 ± 0.8 3.2 ± 1.3 0.021
ICAM-1; ng/mL 114 ± 17 114 ± 25 0.935 117 ± 11 110 ± 33 0.495
VGEF positive; n (%) 9 (60.0) 5 (50.0) 0.466 6 (40.0) 8 (80.0) 0.058

CSC, cold-sensitivity constitution; d-ROMs, derivative reactive oxygen metabolites; BAP, biological anti-oxidant potential; 
IL, interleukin; CAM, intercellular adhesion molecule; VEGF, vascular endothelial growth factor. 
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addition, the hsCRP was similar between the 2 groups of 
participants during the follicular phase and tended to be 
lower in the sustained CSC participants during the luteal 
phase, although the mechanism for this finding has not been 
clarified and we cannot account for it.  Although BAP 
tended to be higher in the sustained CSC participants than 
in the non-CSC participants during the luteal phase, the 
other biomarkers for inflammation, endothelial function and 
oxidative stress status were similar between the 2 groups of 
sustained CSC and non-CSC participants.  Altogether, our 
findings suggest that the occurrence of the CSC might be 
independent of vascular endothelial function, inflammatory 
status and oxidative stress.  On the other hand, the BAP 
level was higher in the sustained CSC participants aged < 
40 years during the luteal phase, compared to those aged ≥ 
40 years.  The result suggests that antioxidant potential 
might decrease in women of advanced reproductive age, 
compared to that in younger women.  Finally, the IL-8 level 
and the prevalence of VEGF positivity were lower in the 
sustained-CSC participants aged < years 40 during the 
luteal phase, compared to those aged ≥ 40 years during the 
luteal phase.  IL-8 is considered to be an inflammatory 
cytokine and is simultaneously involved in angiogenesis.  
Therefore, IL-8 possibly ameliorates vascular endothelial 
function via the activation of the VEGF receptor and VEGF 
expression (Li et al. 2005; Martin et al. 2009).  In our 
results, the lower IL-8 level and lower prevalence of VEGF 
positivity might be consistent with reduced microvascular 
endothelial function in sustained CSC participants aged < 
40 years.

Objective criteria for CSC
In general, CSC is an individual’s perception such as 

cold sensation.  When discussing pathophysiology of the 
CSC, however, its objective criteria would be required.  In 
our study, the CSC was defined based on prior studies 
(Takatori 1992; Ogata et al. 2017), as a temperature of the 
right eardrum minus that of the right hallux equal to > 6˚C.  
We believe this definition would be rationale in advancing 
this study, in which we divided participants into 3 catego-
ries based on occurrence of CSC in each menstrual phase.  
However, there is no established definition of CSC.  From 
this study, we could suggest that the objective criteria to 
identify the CSC should be based on difference of body 
temperature between surface and core in both menstrual 
phases, in addition to subjective cold sensation.  Therefore, 
a quantitative evaluation of the surface and core tempera-
tures in each menstrual phase would be required for precise 
diagnosis of the CSC.  In addition, evaluation of autonomic 
nervous activity and vascular endothelial function would be 
recommended to assess pathophysiology of the CSC.

Study limitations
This study has several limitations.  First, this was a 

non-randomized single-center study with a small sample 
size without its determination.  Second, the study has a bias 

for age in the selection of participants, and the results can-
not be generalized.  Therefore, we need to expand the size 
of the study.  Finally, the absence of the quantification of 
sex hormones during each menstrual phase is a major limi-
tation.  Because serum hormone levels were not measured 
during each phase of the menstrual cycle, we can only 
speculate on their interactions.  

Conclusion
A quantitative evaluation of surface and core body 

temperatures in each menstrual phase may be required for 
diagnosis of CSC.  The CSC might be modulated by the 
menstrual cycle and might be associated with sympathetic 
nervous hyperactivity.  In younger women, endothelial dys-
function, might be involved in the occurrence of a CSC, 
independently of sympathetic nervous activity.  Evaluation 
of autonomic nervous activity and vascular endothelial 
function would be useful to assess pathophysiology of the 
CSC.
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