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ABSTRACT

Background: Cold hypersensitivity (CH) and sleep disorders are not limited to patients with specific diseases, as they are
also commonly observed in the general population. The objective of this study was to investigate the relationship between CH
and sleep quality.

Methods: This cross-sectional study analyzed data from a cohort of 5052 individuals living in South Korea. Based on the
results of a questionnaire on CH, the participants were classified into four groups: non-CH, CH in the hands (CHH), CH in
the feet (CHF), and CH in the hands and feet (CHHF). Sleep quality was evaluated using the Pittsburgh Sleep Quality
Index (PSQI). Multiple regression was used for groupwise comparisons of total PSQI scores and the scores for each component,
and logistic regression was used to find the odds ratios of being a “poor sleeper” (PSQI>8.5).

Results: The CHF and CHHF groups showed significantly higher scores than the non-CH group on the overall PSQI as
well as on the following sleep components: subjective sleep quality, sleep latency, habitual sleep efficiency, sleep disturbance, and
sleep medication use. The odds ratios for being a “poor sleeper” were significant in the CHF (1.84: CI=1.38-243) and CHHF
groups (1.54: CI=1.25-1.89), but the CHH group did not show any difference from the non-CH group. We identified a
correlation between CH in the feet and poor sleep quality.

Conclusions: These findings help to elucidate the relationship between sleep and CH and highlight the need to clarify the
underlying mechanism.

Key words: cold extremities, cold feet. cold hypersensitivity. insomnia. Pittsburgh sleep quality index

I . Introduction

Although the function of sleep remains unclear,
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it is known to be involved in restoration of the
body and the immune function!, thermoregulation?,
and removal of waste products from the brain®,
making it essential for sustaining human life and
function.

However, in modern times, many people suffer
from insomnia or other sleep disorders, and the number
of patients is increasing. A population-based cohort
study in the United States that followed-up 1,246



adults found an incidence of chronic insomnia of
9.3%" A large cross-sectional study in Norway
with 40,535 respondents found an incidence of
insomnia of 7.1%°. A Korean study of 881 elderly
individuals aged 60 years or older reported an
incidence of insomnia of 32.8%° and data published
by the Korean National Health Insurance Service
showed that the number of patients receiving
treatment for sleep disorders increased from 420,000
in 2014 to 570,000 in 2018, an average annual
increase of 8.1%'.

Although there are some discrepancies between
these studies, sleep complaints (e.g., difficulty falling
asleep, sleep continuity disturbance, insomnia) are
generally known to be more prevalent in females,
the elderly®, and obese individuals’. In addition,
psychiatric and physical disorders such as depression,
cardiac disease, diabetes, migraine, fatigue, and
cold hypersensitivity (CH) in the hands and feet
(CHHF) have also been reported to cause, exacerbate,
or accompany sleep disorders*’ 2

CHHF refers to the condition of feeling excessive
coldness of the hands and feet in situations where
people do not typically feel cold, to the extent
that the individual feels discomfort in their daily
life™™. This condition also shares similarities with

0 cold constitution®, cold

“hie-sho™ (Japanese),
extremities,” and primary vascular dysregulation®.
These symptoms are known to be more common
among Asians, women, and lean individuals.
Although the results have not always been
consistent between different investigations, these
symptoms are estimated to be present in 30% of
women and 10% of men™".

In Korean medicine, sleep disorders can arise
from a yin-yang disharmony (F&B&%#H), resulting

in a nutrient-defense disharmony CE#AAN). In
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such cases, the body may present with patterns of
yin deficiency (F&EE) and heat syndrome (Z4%),
or yang deficiency (F5i) and cold syndrome (%%
). A representative symptom associated with
these patterns is an excessive sense of cold or
heat, with CHHF being particularly prevalent™.
Given the high prevalence of CH and sleep disorders,
as well as the approach of traditional Korean medicine
to sleep disorders, it is considered worthwhile to
investigate the relationship between sleep quality
and cold hands and feet in depth.

One study of 238 Japanese women reported that
women with cold extremities had significantly higher
Pittsburgh Sleep Quality Index (PSQI) scores’. In
a study of 2,800 Swiss citizens aged 20-40 years,
individuals with thermal discomfort from cold extremities
had more than twice as many difficulties initiating
sleep as those without thermal discomfort'> Finally,
a study that compared 32 patients with primary
vasospastic syndrome to 31 healthy controls found
that the patients had a significantly more prolonged
sleep-onset latency™.

Despite these findings, there have been few
studies on CH and sleep disorders in a sample
including both sexes and diverse age groups.
Therefore, in this study, we examined a cohort of
residents from two regions in Gyeonggi-do, South
Korea, with the aim of (a) investigating the
relationship between CH and sleep status using
the CH questionnaire and the PSQI and (b)
analyzing whether there were any differences among
the PSQI components in persons with vs. without CH.

Il. Methods

1. Data collection
This was a cross-sectional study. Data were
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obtained from the Korean Medicine Data Center
(KDC) for 5,787 persons from two regions in
Gyeonggi-do, South Korea™™. The data had been
collected between 2012 and 2015. This is a cohort,
population-based study conducted as part of “The
Korean Genome and Epidemiology Study (KoGES)",
and has been conducted to date in the Anseong
and Ansan regions in Gyeonggi-do, South Korea,
under the name of “KoGES_Ansan and Ansung
study”. Additionally, the KDC collected questionnaires
based on Korean medicine (e.g., Sasang constitution,
pattern identification), blood tests, and body
measurements from the 2013-2015 participants,
which were also analyzed in the present study.
This study was approved by the Institutional
Review Board of the Korea Institute of Oriental
Medicine (I-0910/02-001).

2. PSQ

The state of participants sleep quality was
measured using the Korean version of the PSQI
questionnaire. The PSQI is a self-report used to
assess the state of sleep in the previous month
and is one of the main instruments used for this
purpose’. The questionnaire consists of seven
components: subjective sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep
disturbance, use of sleep medication, and daytime
dysfunction. Each component was scored on a
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scale of 0-3 points, and the sum of the seven
components was the total PSQI score. Higher
scores indicate poorer sleep quality. In the original
version of the PSQL the cut-off value to differentiate
between “good sleepers” and “poor sleepers” is 5
points”. However, based on a study by Sohn,
which used the Korean translation of the PSQI
questionnaire®®, we defined “poor sleepers” as
participants with a score >85 because all the
participants in the present study were Korean.

3. CH status

CH was identified by asking the participants
two simple questions about the sensation in their
hands and feet in the last 6 months (“Are your
hands cold or warm?” and “Are your feet cold or
warm?”). Participants who responded “warm” or
“intermediate” for the hands and feet were placed
in the Non-cold hypersensitivity (Non-CH) group:
participants who responded “cold” for their hands
but “warm” or “Intermediate” for their feet were
placed in the CH in the hands (CHH) group:
participants who responded “cold” for their feet
but “warm” or “intermediate” for their hands were
placed in the CH in the feet (CHF) group:
finally, participants who responded “cold” for both
their hands and feet were placed in the CHHF
group (Fig. 1).



No response or
incomplete questionnaire
n=17

Ansung-Ansan cohort
n=>5787

v

Excluding the participants
who have histories of
stroke, cancer or
endocrine disease
n =684

Complete questionnaire
n=>5770
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¥

Subjects in this study
n = 5052

Excluding the participants
under 20 years
n=31

1. Are your hands cold or warm?
2. Are your feet cold or warm?

4 A~
Non-cold Cold hypersensitivity
hypersensitivity in the feet
n = 3250 (64.3) n =485 (9.6)

it >
Cold hypersensitivity Cold hypersensitivity
in the hands in the hands and feet
n=121(24) n=1186 (23.7)

Comparison of PSQI among four groups

Fig. 1. Flow chart of the study.

Non-cold hypersensitivity : the group of participants who responded “warm” or “intermediate” to Questions 1
and 2: cold hypersensitivity in the feet : the group of participants who responded “warm” or “intermediate” to

Question 1 and “cold” to Question 2: cold hypersensitivity in the hands :

the group of participants who

responded “cold” to Question 1 and “warm” or “intermediate” to Question 2: cold hypersensitivity in the hands
and feet : the group of participants who responded “cold” to Questions 1 and 2.

4. Anthropometric measurements and blood pressure

Neck circumference was measured at the inferior
margin of the thyroid cartilage (cricothyroid membrane),
with the participant seated. Waist circumference
was measured horizontally through the navel, with
the participant standing. Height and body weight
were measured directly, and body temperature was
measured from the tympanic membrane. Blood
pressure was measured using a mercury
sphygmomanometer on the left wupper arm.

Hypertension was defined as systolic blood pressure

>140 mmHg or diastolic blood pressure >90 mmHg,
in accordance with the Seventh Report of the Joint
National Committee on the Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure®.
Hypotension does not fit any disease concept and
there are no standards of normality, but it is
known to accompany cold extremities. In the
present study, hypotension was defined as systolic
blood pressure <100 mmHg or diastolic blood

9
pressure <6010%,
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5. Sasang constitution

The Sasang constitutional types were classified
using the Korea Sasang Constitutional Diagnostic
Questionnaire (KS-15). This questionnaire can
distinguish Taeeum-in, Soyang-in, and Soeum-in
types, excluding the Taeyang-in type. The questionnaire
includes items on body mass index (BMI), personality,

and ordinary symptoms®.

6. Statistical methods

The general characteristics of the participants
are provided as the mean, standard deviation,
frequency, and percentage, and differences were
analyzed using analysis of variance (ANOVA) or
chi-square tests. PSQI scores were compared between
groups using ANOVA, with Scheffé’s method for
post-hoc testing. Multiple regression was used to
compare differences between groups while correcting
for sex, age, BMI, body temperature, blood pressure,
neck and waist circumference, and sociodemographic
variables. A chi-square test was used to compare
the frequencies of “poor sleepers”, and logistic
regression was used to obtain the odds ratio and

Table 1. Characteristics of Participants Based on CH

95% confidence interval of being a “poor sleeper”
in each of the CH groups compared with the
Non-CH group. The statistical significance level
was set at p<0.05. Statistical analysis was performed
using SPSS software (version 24.0: IBM Corp.,
Armonk, NY, USA).

ll. Results

1. Demographic characteristics

In total, the data of 5,052 participants were
used in the analysis, and the mean age was
62.319.2 years, with 2,425 males (48.0%) and 2,637
females (52%). The proportion of males in the
Non-CH and CHH groups was higher, at 54.3%
and 58.7%, respectively, while the ratio of females
in the CHF and CHHF groups was higher, at
62.5% and 65.9%, respectively. Significant differences
were observed between the groups for age, sex,
marital status, education, tobacco use, alcohol
consumption, blood pressure, BMI, body temperature,
neck and waist circumference, and Sasang constitution,
but not for hypertension (Table 1).

Non-CH* CHF' CHH? CHHF® P vl
(n=3250)  (n=485) (n=12)  (n=119%) = "%
Age 62.5%8.7 60.4£9.8 62.4%8.1 62.8+10.3 <0.001
Gender Male 1764 (54.3) 182 (37.5) 71 (58.7) 408 (34.1) 0001
Female 1486 (45.7) 303 (62.5) 50 (41.3) 788 (65.9) ‘
Marital status Spouseless 441 (13.6) 76 (15.7) 16 (13.2) 216 (18.1) 0,002
Married 2,809 (86.4) 409 (84.3) 105 (86.8) 980 (81.9) )
<Elementary 1,109 (34.1) 134 (27.6) 38 (31.4) 471 (39.4)
Education Middle, High  1.648 (50.7) 263 (54.2) 65 (53.7) 592 (49.5)  <0.001
> College 493 (15.2) 88 (18.1) 18 (14.9) 133 (11.1)
Tobaceo No 2,749 (84.6) 439 (90.5) 104 (86.0) 1071 (89.5) 0001
Yes 501 (15.4) 46 (9.5) 17 (14.0) 125 (10.5) ‘
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Aleohol No 1.719 (52.9) 294 (60.6) 68 (56.2) 746 (62.4) 0,001
Yes 1,531 (47.1) 191 (39.4) 53 (43.8) 450 (37.6) ’
Systolic blood pressure 121.6£16.2 120.3£17.5 121.1£16.5 119.6£18.1 0.005
Diastolic blood pressure 77.1£10.0 76.9£10.7 77.7£9.8 75.0£10.3 <0.001
Hypertension No 1.645 (50.6) 284 (58.6) 64 (52.9) 701 (58.6) 0.168
Yes 1.605 (49.4) 201 (41.4) 57 (47.1) 495 (41.4) )
Hypotension No 2,870 (88.3) 408 (84.1) 106 (87.6) 965 (80.7) 0,001
Yes 380 (11.7) 77 (15.9) 15 (12.4) 231 (19.3) )
Body mass index (kg/m’) 25.0+3.1 24.7+3.1 23.9+2.8 23531 <0.001
Body temperature (C) 36.3+0.4 36.3+0.4 36.2+0.4 36.3+0.4 0.009
Neck circumference (cm) 36.3£3.2 35.4+3.1 35.9+3.2 34.6%3.1 <0.001
Waist circumference (cm) 89.0£8.3 87.68.2 86.8+8.7 85.2£8.9 <0.001
Tae-eum 2.038 (62.7) 279 (57.5) 65 (53.7) 540 (45.2)
Sasang Constitution So-eum 388 (11.9) 83 (17.1) 23 (19.0) 350 (29.3) <0.001
So-yang 824 (25.4) 123 (25.4) 33 (27.3) 306 (25.6)

*Non-CH
hands, SCHHF

2. Comparison of the PSQI scores among the

Non-CH, CHF, CHH, and CHHF groups

We found significant intergroup differences in
the total PSQI scores and in the seven component
scores. The total PSQI score and the sub scores,
subjective sleep quality, sleep latency, and sleep
medication use, were significantly higher in the
CHF and CHHF groups than in the Non-CH
group (p<0.001): the habitual sleep efficiency and
sleep disturbance scores were significantly higher
in the CHHF group than in the Non-CH group
(p<0.001). Daytime dysfunction scores were significantly
higher in the CHF group than in the Non-CH
and CHHF groups (p=0.004) (Table 2, Fig. 2).

The results of the multiple regression analysis
to investigate the effects of CH status on PSQI

: non-cold hypersensitivity, TCHF : cold hypersensitivity in the feet, ¥CHH : cold hypersensitivity in the
. cold hypersensitivity in the hands and feet

scores are shown in Table 3 (Model 3). Even
after correcting for age, sex, BMI, blood pressure,
body temperature, neck and waist circumference,
and sociodemographic variables, the CHF and
CHHF groups showed significantly higher total
PSQI scores and significantly different subjective
sleep quality, sleep latency, habitual sleep efficiency,
sleep disturbance, and sleep medication use. For
the sleep duration component, only the CHHF
group showed a significantly higher score than the
Non-CH group (B=0.09, p=0.011), while the other
groups showed no differences. For the daytime
dysfunction component, only the CHF group showed
a significantly higher score than the Non-CH
group (B=0.09, p=0.009).

347



Cold Hypersensitivity and Sleep Quality: A Cross-sectional Community-based Study

Table 2. Comparison of the PSQI among Non-CH, CHF, CHH, and CHHF Groups
Non-CH* CHF* CHH? CHHF® P value  Scheffé’s
Total PSQI Score 4.25£3.00 4.98+3.47 4.1143.25 4.95£3.48 <0.001 b.d>a

PSQI components
Subjective sleep quality 0.98+0.65 1.08+0.69 0.95+0.71 1.11+0.71 <0.001 b.d)a

Sleep latency 0.75+0.92 0.90+0.96 0.71+0.87 0.96<1.05 <0.001 b.d>a
Sleep duration 0.96£0.98 1.06+1.01 0.97£1.00 1.06£1.01 0.021

Habitual sleep efficiency 0.37+0.78 0.47+0.91 0.29+0.75 0.50+0.92 <0.001 d>a

Sleep disturbance 0.68+0.61 0.750.63 0.74+0.60 0.77=0.64 <0.001 d>a

Sleep medication use 0.08+0.43 0.18+0.67 0.04+0.27 0.16+0.64 <0.001 b.d>a
Daytime dysfunction 0.43£0.73 0.54+0.81 0.40£0.67 0.40£0.75 0.004 bya.d
Poor sleeper 300 (9.2) 74 (15.3) 12 (9.9) 179 (15.0) <0.001
*Non-CH : non-cold hypersensitivity, TCHF : cold hypersensitivity in the feet, ¥CHH : cold hypersensitivity in the
hands, SCHHF : cold hypersensitivity in the hands and feet
Data are presented as meantstandard deviation or number (%). The PSQI scores were compared using ANOVA with
Scheffé’s post-hoc test. Poor sleepers were defined as participants with a total PSQI score of >8.5, and the numbers of
poor sleepers were compared using the chi-square test. Non-CH and a : non-cold hypersensitivity, CHF and b : cold
hypersensitivity in the feet, CHH and ¢ : cold hypersensitivity in the hands, CHHF and d : cold hypersensitivity in
the hands and feet
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Fig. 2. The PSQI component scores for the Non-CH, CHF, CHH, and CHHF groups.

P-values were calculated using ANOVA. * @ p<0.05, ** = p<0.0L, *** : p<0.00L. Key : Non-CH : non-cold-hypersensitivity,
CHF : cold hypersensitivity in the feet, CHH : cold hypersensitivity in the hands, CHHF : cold hypersensitivity
in the hands and feet
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Table 3. Multiple Regression Analysis for the Association of CH Status and PSQ

Model 1 Model 2 Model 3
B 9% CI P B 9% CI P B 9%% CI P

Total PSQI score

CHF* 0.74  043-104 <0.001 068 038098 <0001 072  042-1.02  <0.001
CHH' -0.14  -072-044 0634 -013 -070-0.44 0664 -011 -0.67-046  0.708
CHHF* 0.70  049-091 <0.001 052  030-0.73 <€0.00L 051  0.29-0.72  <0.001

PSQI components :
Subjective sleep quality

CHF* 010  0.04-017 0001 010  0.03-0.16  0.004 010  0.04-0.16  0.002

CHH' -0.03 -0.15-0.09 0638 -0.03 -0.15-0.09 0.629 -003 -015-0.09 0671

CHHF* 013  0.08-017 <0.001 010 0.05-014 <0001 009 005014 <0.001
Sleep latency

CHF* 015  0.06-024 0002 013  0.04-021  0.006 014 005023  0.002

CHH' -0.04 -021-0.13  0.655 -0.05 -022-0.12 0577  -0.04 -021-0.13  0.660

CHHF* 0.21 0.15-028 <0.001 013  0.07-0.19 <0001 013 0.06-0.19  <0.001
Sleep duration

CHF* 0.09  -0.00-019 0059 007 -003-0.16  0.153 007  -0.03-016  0.182

CHH' 0.00 -018-0.18 0980  0.03 -015-0.21  0.747 003 -015-021  0.741

CHHF* 0.09 003016 0006 009  0.02-0.16  0.010 0.09  0.02-016  0.011
Habitual sleep efficiency

CHF* 010 002018 0014 010 0.02-0.18  0.011 0.11 0.03-0.19  0.006

CHH' -0.08 -0.23-0.07 0298 -0.07 -022-0.08 0348 -0.07 -022-0.08  0.380

CHHF* 013  0.07-0.18 <0.001 011  0.05-0.16 <0.001 010  0.05-0.16  <0.001
Sleep disturbance

CHF* 0.08  0.02-014 0012 008 0.03-014  0.005 010  0.04-0.16  0.001

CHH' 0.07  -0.05-0.18 0257  0.06 -0.05-0.17  0.268 0.06  -0.04-017  0.235

CHHF* 0.09 005013 <0.001 006  0.01-0.10  0.009 0.05 0.01-0.09  0.012
Sleep medication use

CHF* 0.11 0.06-0.15  <€0.001 011  0.06-0.16 <0.001 011 0.06-0.16  <0.001

CHH' -0.04 -013-0.06 0.441 -0.04 -013-0.05 0413 -004 -013-0.05  0.404

CHHF* 0.08 005012 <0.001 007  0.03-010 <0001  0.07 0.03-0.10  <0.001
Daytime dysfunction

CHF 012  0.04-019 0001 010  0.03-0.17  0.006 0.09  0.02-0.16  0.009

CHH' -0.02  -016-0.11  0.740 -003 -016-0.10 0669  -0.03 -017-0.10  0.624

CHHF* -0.03 -0.08-0.02 0236  -0.02 -0.07-0.03 0410  -0.02 -0.07-0.03  0.400

*CHF : cold hypersensitivity in the feet, TCHH : cold hypersensitivity in the hands, #CHHF : cold hypersensitivity in
the hands and feet

The Non-cold hypersensitivity group was used as reference. Model 1 : unadjusted: Model 2 : adjusted for sex, age, and
body mass index: Model 3 : adjusted for sex, age. body mass index, body temperature, systolic blood pressure, diastolic
blood pressure, neck circumference, waist circumference, drinking, smoking, marital status, and education. B : unstandardized
regression coefficients, CIs : confidence intervals, CHF : cold hypersensitivity in the feet, CHH : cold hypersensitivity
in the hands, CHHF : cold hypersensitivity in the hands and feet
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3. Differences in the frequencies and odds ratios
of poor sleep (PSQI>8.5) associating with CH
status
The ratio of “poor sleepers” (PSQI>8.5) was

9.2% in the Non-CH group and 9.9% in the CHH

group, whereas it was 15.3% in the CHF group

and 15.0% in the CHHF group, a significant

intergroup difference (p<0.001, Table 2).

Table 4 shows the odds ratios and 95% confidence
intervals for “poor sleeper” status in each group,
with the Non-CH group as reference. In the

unadjusted model (Model 1), when correcting for
sex, age, and BMI (Model 2), and when additionally
correcting for body temperature, systolic blood
pressure, diastolic blood pressure, neck circumference,
waist circumference, drinking, smoking, marital
status, and education (Model 3), the CHF and
CHHF groups showed odds ratios significantly
higher than one in all three models (p<0.001),
whereas the CHH group did not show any
significant differences from the reference group.

Table 4. Odds Ratios and 95% Confidence Intervals for Poor Sleepers (PSQI>8.5) according to CH Status

CHF* CHH' CHHF*
Model 1 177 (1.35-2.33)*** 1.08 (0.59-1.99) 173 (1.42-2.11)***
Model 2 1.76 (1.33-2.32)*** 1.14 (0.62-2.11) 1.54 (1.25-1.90)***
Model 3 1.83 (1.38-2.43)*** 1.15 (0.62-2.13) 1.53 (1.25-1.89)***

#x 0 p< 0,001, *CHF : cold hypersensitivity in the feet, TCHH : cold hypersensitivity in the hands, ¥CHHF : cold
hypersensitivity in the hands and feet

The Non-CH group was the reference in all three models. Model 1 : unadjusted: Model 2 : adjusted for sex, age, and
body mass index: Model 3 : adjusted for sex, age. body mass index, body temperature, systolic blood pressure, diastolic
blood pressure, neck circumference, waist circumference, drinking, smoking, marital status, and education. CHF : cold
hypersensitivity in the feet, CHH : cold hypersensitivity in the hands, CHHF : cold hypersensitivity in the hands and feet

IV. Discussion

In this study, we investigated the relationship
between sleep and CH status (in the hands, feet,
and hands and feet) in a 5,052-participant cohort
study based on two regions in South Korea. There
have been relatively few prior studies on CH and
sleep compared with studies on the relationship
between sleep and other diseases/symptoms.
Furthermore, most studies to date have been
conducted on limited groups of participants, such
as females’, hospitalized patients’, or specific age
groups’, making it difficult to generalize the results
to the population as a whole. Specifically, there
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has been no previous study on Korean subjects
that examined the relationship between CH (hands,
feet, and both hands and feet) and PSQI scores.
We Dbelieve that our findings, when combined with
the existing literature, help elucidate and generalize
the relationship between sleep and CH.

The mean age of the 5,052 participants was 62
years, with 4% more women than men. However,
35.7% of the participants had CH. This is similar
to a previous report of a nationwide questionnaire
survey of 2201 adults selected using stratified
multistage sampling to be representative of the
Korean population, which found a CH prevalence
of 34.2%". The distribution of Sasang constitutional



types differed between the groups. In the non-CH
group, the Taeeum-in type was the most prevalent
at 62.7%, while in the CHHF group, it was
relatively lower at 45.2%. Conversely, the Soeum-in
type was more prevalent in the CHHF group at
29.3%, compared to 11.9% in the non-CH group.
These results are similar to a previous study that
reported a higher cold sensation score in the hands
and feet of the Soeum-in group compared to the
Taeeum-in group®.

In the present study, we analyzed the relationship
between CH and PSQI by using correlation and
multiple regression analyses, as shown in Supplementary
Tables 1 and 2, not only with CH but also with
various variables known to be related. Through
this, we found that having a spouse and higher
education were positively related to sleep quality,
whereas CHHF, CHF, female gender, and age
were negatively related. We then discovered that
when sleep scores were stratified by CH status,
the total PSQI score was higher in the CHF and
CHHF groups than in the Non-CH group.

This is similar to the results of a study of 238
Japanese women, in which the cold-extremities
group showed higher PSQI scores than did the
Non-cold-extremities group’. Interestingly, in the
present study, the CHH group did not show any
differences from the Non-CH group. The ratio of
“poor sleepers” was 15.3% and 15.0% in the CHF
and CHHF groups, respectively, which differed by
approximately 6% from that of the Non-CH
group (9.2%), whereas the CHH group (9.9%) did
not show any significant differences. Given that
63% of participants in a study of people with
primary vasospastic syndrome reported cold feet
as a reason for sleep-onset difficulties’®, CHF
seems to be a more important cause and
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accompanying symptom of poor sleep quality than
does CHH.

Several previous studies on sleep and cold
extremities have reported that cold extremities are
strongly related to prolonged sleep-onset latency™>%Z,
Immediately before sleep onset, the core temperature
of the body drops due to the heat of the body
moving from the center to the hands and feet, due
to vasodilation in the periphery, which results in
rapid heat loss. However, people with cold extremities
do not show a normal peripheral vasodilation
response, which produces symptoms such as prolonged
sleep-onset latency and difficulty in initiating sleep™™.
In the present study, even when correcting for
other variables, the sleep-onset latency component
of the PSQI showed higher scores in the CHF and
CHHF groups. Moreover, most other component
scores were also significantly higher in the CHF
and CHHF groups. This suggests that sleep latency
was extended due to cold extremities, which then
affected other components (e.g., subjective sleep,
habitual sleep efficiency, or sleep medication).
However, given that the sleep disturbance scores
were also higher in these groups, cold extremities
appear to play a role in interfering with not only
sleep onset but also with sleep maintenance.

Cold extremities are common in the population,
even in people without disease. Although the
pathological mechanism has not been clearly elucidated,
it is thought to involve autonomic nerve malfunction
(especially a higher adrenergic sensitivity for
vasoconstriction in the distal portion of the extremities)
and problems in the vascular endothelial cells™!%,
In Western medicine, the presence of cold extremities
is not considered to require treatment by itself,
but in traditional East Asian medicine, cold
extremities are considered a root cause of several
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diseases (a type of constitution), thus requiring
treatment™™. Such differences in opinion notwithstanding,
studies from several countries have reported that
patients with this condition are predisposed to
dyspepsia, chronic rhinitis, reflux esophagitis, hypotension,
normal-tension glaucoma, migraine, fatigue, and
menstrual pain, while showing lower rates of diabetes,
arteriosclerosis, and dyslipidemia!%1%2,

Patients may present with different types of
sleep disorders depending on whether they have
cold extremities. Moreover, even if they have the
same type of sleep disorder (or symptoms), different
pathological mechanisms may be involved in the
presence or absence of cold extremities. For instance,
obese individuals who report less cold extremities
tend to be susceptible to obstructive sleep apnea
syndrome, while those with cold extremities are
known to experience prolonged sleep latency or
relatively shorter total sleep time, including REM
sleep'®®# Taken together, these facts suggest that
differentiation of patients’ characteristics is an
important factor in overcoming sleep disorders.
Examples of such differentiation are the pattern
identification and constitutional approaches of
traditional East Asian medicine®®. The perspective
of Korean medicine on sleep disorders varies
depending on the type of disorder. In cases of
hypersomnia, sleep and wakefulness are associated
with the circulation of wei-qi (#i%&), prioritizing
the pathology of yang deficiency (BEE) over yin
deficiency (f£&). Conversely, in cases of insomnia,
the pathologies of yin deficiency (F&J&) or liver
fire (BFk) are more prevalent”. One diagnostic
element for these syndromes is the presence of
excessive heat or cold sensations in the body. A
study reported that individuals experiencing both

heat and cold sensations had a higher degree of
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insomnia®,

As analyzed in this study, CHHF can negatively
impact overall sleep quality, including sleep
latency and sleep disturbance. Although CHHF is
primarily observed in yang deficiency (FEi), it
can also be seen in heat syndromes (Z&) such
as heat syncope (BWK)™. Therefore, a comprehensive
diagnosis based on syndrome differentiation 1is
essential in treating patients with sleep disorders.

There is no clear evidence that improving CHHF
directly improves sleep disorders or that improving
sleep disorders alleviates CHHF. However, there is
a case report where prescribing Oryeong-san (%%
#0) to insomnia patients with CHHF led to
improvement”. Additionally, a meta-analysis reported
that treatments including Sayeok-san ([U3#i§%), a
representative prescription for treating CHHEF,
were more effective in improving insomnia compared
to Western medicine alone*. These reports support
this possibility.

This study has several limitations. First, although
we analyzed cohort data, this was a cross-sectional
study. Therefore, we were only able to investigate
the association between CH status and sleep
quality and were not able to identify a causal
relationship. Second, because CH and sleep quality
were both assessed using self-report questionnaires,
we cannot exclude the possibility of bias. Third,
apart from the mechanism related to delayed

sleep-onset latency that we have discussed*% w

e
did not determine how cold extremities may
increase the scores of the PSQI components (ie.,
the mechanisms linking cold extremities to poor
sleep quality). Fourth, the data used in this study
was collected between 2012 and 2015, which may
limit the ability of the research findings to fully

reflect the current reality due to potential changes



in the BMI or weight of the Korean population
over time.

In conclusion, we confirmed that CH of the feet
(CHF and CHHF) was associated with poor sleep
quality. We believe that our findings will help to
elucidate the relationship between sleep and CH.
Importantly, these results can provide evidence
supporting the use of pattern identification in
diagnosing and treating sleep disorders in Korean
medicine. Further studies to investigate the causal
relationship and underlying mechanisms are warranted.
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[Supplementary]

Table 1. Correlation between Observed PSQI Score and Covariates

e
PSQI . Marital  Body Neck Waist
Total CHH CHF Alcohol Tobacco SBP  DBP  BMI  Gender Age Education i e G CheRE:

PSQl 1
Total

CHH

CHF

Alcohol

Tobacco

SBP

DBP

BMI

Gender

Age

Education -.135"% -.040"* 0.005 211*" 124" -218" 0015 -036* -314" -472* 1

Izaﬁ:l 01 002 003 145 06 (83 001 0000 -0 24 212

Body

-0.005 0003 0023 -100%* -137"* -096™* -079** 061** .259** -000** .047**  -0.017 1
temperature

. Neck -000%% -202%% -207%%  350%* 250"  160™F  .253**F  459™*F -726%F -080™*  211%*F 17 -1 1
circumference

. Weist 008%  -202¢% -186** 0027 -0.025 267 239" 830" -064* 133" -126™  -031%  -.029* 529 1
circumference

o pC0.05, *F r p<0.01
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Table 2. Odds Ratios and 95% Confidence Intervals for Poor Sleepers (PSQI=>8.5)

Variable OR 95% Confidence Interval p value
CH group
Non-CH* 1
Model 1 CHF? 1.77 1.35-2.33 <0.001
CHH* 1.08 0.59-1.99 0.798
CHHFS 1.73 1.42-2.11 <0.001
CH group
Non-CH* 1
CHF* 1.76 1.33-2.32 <0.001
CHH* 1.14 0.62-2.11 0.670
Model 2 CHHFS 1.54 1.25-1.90 <0.001
Gender
Male 1
Female 1.88 1.55-2.28 <0.001
Age 1.04 1.03-1.05 <0.001
Body mass index 1.00 0.97-1.03 0.847
CH group
Non-CH*
CHF? 1.83 1.38-2.43 <0.001
CHH? 1.15 0.62-2.13 0.661
CHHF? 1.53 1.25-1.89 <0.001
Gender
Male
Female 2.01 1.41-2.86 <0.001
Age 1.02 1.01-1.04 <0.001
Body mass index 0.96 0.91-1.01 0.127
Body temperature 0.93 0.72-1.22 0.604
Systolic blood pressure 1.00 0.99-1.01 0.638
Diastolic blood pressure 1.00 0.99-1.01 0.948
Model 3 Neck circumference 1.03 0.97-1.09 0.390
Waist circumference 1.01 0.99-1.03 0.192
Alcohol
No 1
Yes 1.23 1.00-1.52 0.052
Tobacco
No 1
Yes 1.01 0.73-1.40 0.940
Marital status
Spouseless 1
Married 0.69 0.55-0.87 0.002
Education
Elementary 1
Middle, High 0.74 0.60-0.93 0.008
>College (.56 0.39-0.82 0.002

* Non-CH : non-cold hypersensitivity, TCHF : cold hypersensitivity in the feet, #CHH : cold hypersensitivity in the
hands, SCHHF : cold hypersensitivity in the hands and feet
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