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Introduction
    

Pattern identification is the most representative 

component of the diagnostic process used in 

traditional East Asian medicine (TEAM), which 

distinguishes it from Western medicine. It is 

known that pattern identification can be helpful 

for understanding a patient’s health status and 

choosing the appropriate medical treatment. Recent 

studies have shown that pattern identification 

provides practical insights for disease recognition 

and medical intervention, helping to improve the 

health of patients in both Eastern and Western 

medicine1-3). Among pattern identification types, 

cold pattern is considered the most important 

scale used to survey a patient’s health status 

because it describes the basic nature of the 

imbalance in the body. The symptoms of an 
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individual with a cold pattern include aversion to 

cold temperature, cold limbs, white face, no 

thirst, no perspiration, copious clear urine, and 

diarrhea4). According to recent studies, cold 

pattern is correlated with sex, body mass index 

(BMI)5-7), metabolic rate5), glucose metabolism6), 

the sympathetic nervous system6,7), thyroid 

function8), the renin-angiotensin system9), adrenal 

hormones10,11), and anemia11).

Facial diagnosis is an important diagnostic 

method that has been used by many practitioners 

in and outside of TEAM12). The face is a good 

indicator of overall health and wellbeing, because 

it reflects the symptoms, cause, and origin of the 

disease. The face can be considered a mirror that 

reflects internal health or wellness. Many studies 

have investigated the use of facial images for 

quantitative differential diagnosis12), including 

computerized facial diagnosis systems for 

hepatitis13), coronary heart disease14), and diabetes 

mellitus15). Recent studies have also shown that 

facial appearance is associated with hormone 

levels16), perceived health16,17), BMI18,19), visceral 

obesity20), and body weight21).

In TEAM, the facial shape has been used to 

diagnose the constitution rather than the cold 

and heat pattern based on the view that it 

reflects the individual characteristics22,23). Although 

the cold and heat pattern also refers to the 

body’s response to a condition, it includes the 

concept of individual characteristics associated 

with the physiological or pathological characteristics 

of the body, namely, constitution24-26). Many 

studies on cold constitution have been conducted 

in Japan24,25) and twin studies have reported the 

heritability of the cold and heat pattern recently 

in Korea26). The constitutions of Qi deficiency, 

Yang deficiency, Yin deficiency, Blood deficiency 

are types of constitution showing the cold and 

heat pattern in the theory of constitution of 

TCM27).

In this paper, we showed that cold pattern 

severity was associated with facial morphological 

features using a fully automated facial shape 

analysis system. We automatically extracted 

facial landmark points from facial images 

acquired with a digital camera. After computing 

the morphological features, such as distances, 

angles, and areas from the extracted landmark 

points, we investigated their association with 

cold pattern symptoms. To our knowledge, this 

study is the first attempt to objectively analyze 

the correlation between facial morphological 

features and cold pattern.

Methods

1. Participants

This cross-sectional study was conducted using 

the medical data of 452 Korean participants 

attending two medical institutes in Korea between 

October 2015 and December 2015. These data 

were stored at the Korean Medicine Data Center 

(KDC)28) (Figure 1) and there were no missing 

data. These subjects were previously recruited 

for three studies on persistent or recurrent fatigue 

(40 patients), neck pain (372 patients), and 

sleeping problems (40 patients). The inclusion 

and exclusion criteria for participants for each 

study are detailed in the Supplementary Material. 

The participants were between 30 and 49 years 

of age with BMIs ranging from 15.7 to 34.1. 
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The hospital’s institutional review board approved 

the study protocol (KHNMCIH 2014-09-010), 

and all participants gave written informed 

consent prior to their inclusion in the study. 

2. Facial morphological features

In this subsection, we describe the computation 

of facial shape features from a facial image. 

While the shape of a face can be defined in 

various ways, in this paper, the facial shape 

Fig. 1. Patient recruitment and study flow. KDC, Korean Medicine Data Center.

The supplementary material of ‘The Association between Facial Morphology and Cold Pattern’. The inclusion and 
exclusion criteria for participants 

Inclusion Criteria Inclusion Criteria 

1. Men and women aged 30 to 50 years 
2. People who complain about sleeping problems more than 3 times a week (when it takes more than 30 minutes to get in or when it takes 

more than 30 minutes to re-enter after awakening, or when it is difficult to maintain sleep) 
3. Those with an Insomnia Severity Index (ISI) of 8 or higher and 21 or lower 
4. Mibyeong survey score of 14 points or more 

Exclusion Criteria  

1. Those who have received medical or Korean medical treatment for sleep problems within the last 1 month 
2. Those who are taking medication or receiving treatment within the last 1 month due to nervous system and psychiatric disorders 

(depression, anxiety disorder, dementia, etc.) 
3. Those who have been diagnosed with a disease that may cause other insomnia (sleep apnea, restless legs syndrome, narcolepsy, etc.) 
4. Those who have abused or been dependent on alcohol within the last 6 months 
5. Those who are working at night, on shift, or in heavy redundancy 
6. People who have no problems with sleep items of Mibyeong survey 
7. Pregnant women, women who are breastfeeding and who have a pregnancy plan within 6 months
8. Those who believe that they cannot take medications that may affect clinical studies or that they cannot comply with other test 

compliance 
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features are defined as the angles, areas, and 

distances between the landmark points of each 

part of the face. The feature computation process 

is explained in detail in the following subsections 

(see Figure 2). 

1) Image acquisition

The purpose of the study was explained to the 

participants at the beginning of the facial image 

acquisition process. Participants were asked to 

wear a hair band to prevent their hair from 

covering their forehead and ears. They were 

allowed to sit comfortably in a chair, and a 

camera was placed 1.6 meters away from them. 

Frontal face images of the participants were 

taken using a digital camera (Nikon D5100 with 

an 85-mm lens; Nikon Co., Ltd., Japan) equipped 

with a prime lens (a lens with only one focal 

length). We prepared a strict standard operating 

procedure for photo-taking to reduce inter-rater 

bias. All facial images were taken at the same 

location, with an outer fluorescent lighting source, 

and then saved in jpeg format with a resolution 

of 3696 × 2448 pixels.

2) Facial landmark detection and center point 

calculation

To detect facial landmarks, we used the facial 

landmark detector included in the Dlib library29), 

which implements the Kazemi and Sullivan 

method30). The detector provides 68 landmark 

points (see Figure 3, The original image is from 

the CMU Multi-PIE Face Database31)). The 

center point of a face is determined as the 

average of the position values of points 18 to 68 

(eyebrows, eyes, nose, and mouth) on the x-axis 

and y-axis. The center point of a face  yx,p  

of p18,…,p68 located at (x18,y18),…,(x68,y68) is 

calculated as follows:

The points 1 to 17 are the lower edge of the 

face and were excluded in the center point 

calculation because points 1 to 17 of a person 

with a higher BMI are located lower than those 

of a person with a lower BMI. This is because 

the higher the BMI, the higher the facial 

adiposity, and the fatter and bulkier the cheeks 

and chin become. Therefore, points 1 to 17 were 

excluded to set the face center to the same 

position regardless of BMI. (Figure 3)

Fig. 2. Schematic diagram of facial shape feature extraction.
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3) Normalization and facial morphological 

features calculation

Because individuals have different face sizes, 

the positions of facial landmarks need to be 

transformed so that they are not affected by the 

face size of each subject. Transformation is 

performed by translation and scaling. Translation 

is calculated by subtracting the position of the 

center point p  from the position of each facial 

landmark, and the translated landmarks are 

scaled by the mean distance MD. That is, the 

i-th translated facial landmark ),( iii yx p  is 
determined as follows:

Facial morphological features were calculated 

using the normalized facial landmarks and 

consisted of four parts: (1) the distances between 

two points of facial landmarks: the distance 

between the i-th and the j-th points was 

expressed as FDst_i_j. For example, FDst_7_11 

was the normalized distance between point 7 and 

point 11; (2) the distances between the center 

point of a face and the facial landmark points: 

the distance between the center point of a face 

and the i-th and the j-th points was expressed as 

FDst_C_i_j. For example, FDst_C_5_13 was the 

average of the normalized distances between the 

center point of a face and point 5 and the center 

point and point 17; (3) the angles between the 

neighboring three landmarks on the face outline: 

the angle between the i-th, the j-th, the k-th, the 

l-th, the m-th, and the n-th points was expressed 

as FAng_i_j_k_l_m_n. For instance, FAng_5_ 

6_7_11_12_13 was the average of the two 

angles, the included angle between the points 5, 

6 and 7 and the other included angle between 

the points 11, 12 and 13; (4) the areas of each 

part of a face: For example, FArea_Up denoted 

the area of the upper part of a face. The features 

are described in detail in Table 1 and Figure 3.

3. Cold pattern

The cold pattern questionnaire consisted of 

eight items to assess symptoms: aversion to cold 

temperature, preference for warm temperature, 

MD
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Fig. 3. An example of the fiducial points on a frontal face 
image. The center point is marked with green point. 
The red dots denote the facial landmark points, and the numbers 
next to the red dots indicate the order of the points. FDst_7_11 
(normalized distance between point 7 and point 11), FDst_C_5_13 
(the average value of FDst_C_5 and FDst_C_13 where FDst_C_5 
and FDst_C_13 are normalized distances between the center point 
and point 5 and the center point and point 13), FAng_5_6_7_11_ 
12_13 (the average value of FAng_5_6_7 and FAng_11_12_13 where 
FAng_5_6_7 and FAng_11 _12_13 are the included angles between 
the points 5, 6 and 7 and the points 11, 12 and 13, respectively) 
are indicated by arrows and FArea_Up is indicated by a dotted line 
respectively. This original image is from the CMU Multi-PIE Face 
Database 45, which is a publicly released image database.
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cold abdomen, cold limbs, feeling cold in the 

body, pale face, preference for warm water, and 

clear urine. All items on the self-administered 

questionnaire were presented with a 5-point scale 

from “strongly disagree” (score 1) to “strongly 

agree” (score 5). The sum of the eight scores is 

the cold pattern score (CPS), which may range 

from 8 to 40. The higher the CPS value, the more 

severe the cold pattern symptoms. Agreement 

between two experts for this questionnaire was 

87.1% (Kappa value 0.741)32.

4. Statistical analysis

All statistical analyses were performed using 

SPSS 22.0 (IBM Corp., Armonk, NY, USA). All 

continuous variable data were reported as means 
± standard deviation and categorical data were 

reported as percentages. Pearson’s correlation 

coefficients and partial correlation coefficients 

controlling for sex, age, and BMI were calculated 

to assess the degree of the association between 

facial features and cold pattern symptoms. The 

differences of sample characteristics between sexes 

were compared using a two-sample t-test. A 

p-value less than 0.05 was considered statistically 

significant. (Table 1)

Table 1. Facial morphological features and descriptions of the study

Feature group Feature names and descriptions

1) Distances between two 
points of facial landmarks

Features FDst_1_17, FDst_2_16, FDst_3_15, FDst_4_14, FDst_5_13, FDst_6_12, 
FDst_7_11, FDst_8_10

Descriptions FDst_1_17: Normalized distance between point 1 and point 17. The others are 
described in the same way.

2) Distances between the center 
point of a face and the facial 
landmark points

Features FDst_C_1_17, FDst_C_2_16, FDst_C_3_15, FDst_C_4_14, FDst_C_5_13, 
FDst_C_6_12, FDst_C_7_11, FDst_C_8_10, FDst_C_37_46, FDst_C_38_45, 
FDst_C_39_44, FDst_C_40_43, FDst_C_41_48, FDst_C_42_47, FDst_C_49_55, 
FDst_C_50_54, FDst_C_51_53, FDst_C_60_56, FDst_C_59_57, FDst_C_61_65, 
FDst_C_62_64,  FDst_C_68_66

Descriptions FDst_C_1_17 = (FDst_C_1 + FDst_C_17)/2, where FDst_C_1 and FDst_C_17 are 
the normalized distances between the center point p  and point 1

3) Angles between the 
neighboring three landmarks 
on the face outline and the 
center point p  and point 17, 
respectively. The others are 
described in the same way.

Features FAng_1_2_3_15_16_17, FAng_2_3_4_14_15_16, FAng_3_4_5_13_14_15, 
FAng_4_5_6_12_13_14, FAng_5_6_7_11_12_13, FAng_6_7_8_10_11_12, 
FAng_7_8_9_9_10_11,   FAng_8_9_10_8_9_10

Descriptions FAng_1_2_3_15_16_17 = (FAng_1_2_3 + FAng_15_16_17)/2, where FAng_1_2_3 
is the included angle between the line connecting point 2 and point 1 and the line 
connecting point 2 and point 3. The others are described in the same way.

4) Areas of each part of a face Features FArea_Up

Descriptions The area of the upper part of the face. The area of the region enclosed by points 1, 18, 
19, 20, 21, 22, 23, 24, 25, 26, 27, 17, 16, 15, 3, and 2.

Features FArea_Down

Descriptions The area of the lower part of the face. The area of the region enclosed by the points 3, 
15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, and 4.

Features FArea_In

Descriptions The area of the sensory organs of the face. The area of the region enclosed by the 
points from 18 to 68.

Features FArea_Out

Descriptions The area of the face excluding the sensory organs. Full face area (the area of the region 
enclosed by points 1 to 68) excluding FArea_In.
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Results

1. Characteristics of participants

This study included 185 male and 267 female 

participants with a mean age of 39.5 ± 3.4 years 

(range: 29.9-49.0 years). The mean CPS and mean 

BMI were 24.6 ± 5.2 (range: 9-39) and 23.6 ± 

3.4 (range: 15.7- 34.1), respectively as shown in 

Table 2. The CPS distribution of male and 

female participants is shown in Figure 4.

2. Association between facial morphological 

features and CPS 

The results presented in Table 3 show the 

statistical analysis of the facial morphological 

features with CPS. The results are organized as 

follows: (1) The distances between two points of 

facial landmarks; the results of a partial correlation 

coefficients showed that FDst_7_11 (r = -0.102, 

p = 0.030) and FDst_8_10 (r = -0.114, p = 0.015) 

were negatively associated with CPS. (2) The 

distances between the center point of a face and 

the facial landmark points; while the distance 

features of FDst_C_5_13 (r = -0.106, p = 0.025), 

FDst_C_6_12 (r = -0.112, p = 0.017), FDst_C_7_11 

(r = -0.103, p = 0.029), FDst_C_49_55 (r = -0.097, 

p = 0.040), and FDst_C_61_65 (r = -0.113, p = 

0.017) were negatively associated with CPS, the 

distance features of FDst_C_40_43 (r = 0.110, p 

= 0.020), FDst_C_41_48 (r = 0.118, p = 0.012), 

and FDst_C_42_47 (r = 0.104, p = 0.028) were 

positively associated with CPS. (3) The angles 

between the neighboring three landmarks on the face 

outline; FAng_1_2_3_15_16_17 (r = 0.105, p = 

0.026) and FAng_7_8_9_9_10_11 (r = 0.098, p = 

0.038) were positively associated with CPS, 

whereas, FAng_5_6_7_11_12_13 (r = -0.094, p 

= 0.047) were negatively associated with CPS. 

(4) The areas of each part of a face; the partial 

correlation coefficients results showed that 

FArea_Up (r = -0.117, p = 0.013) and FArea_Out (r 

= -0.095, p = 0.044) were negatively associated 

with CPS. The number of face morphological 

features significant with CPS was 37 (the 

statistically corrected results were 15). (Table 3)

The significant difference between facial 

Fig. 4. The CPS distribution of male and female participants.

Table 2. Characteristics of participants

Number of participants 452
Male Female

p-value 
185 (40.9%) 267 (59.1%)

Age (year) 39.5 ± 3.4 39.0 ± 3.3 39.9 ± 3.4 0.003

CPS 24.6 ± 5.2 22.2 ± 4.4 26.3 ± 5.1 <0.001

BMI 23.6 ± 3.4 25.3 ± 3.1 22.4 ± 3.1 <0.001

Statistically significant differences between group means as determined by two-sample t-test are in bold; CPS, cold pattern scores; BMI, body 
mass index 
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morphological features and CPS may be due to 

gender differences since, in general, women tend 

to have higher CPS than men. Therefore, statistical 

significance was analyzed according to sex. 

Table 4 and Table 5 show the statistical analysis 

results between facial morphological features and 

CPS for male and female participants, respectively. 

The number of facial morphological features that 

were statistically significant with CPS of male 

participants was 27 (statistically corrected results 

were 0). In the case of female participants, the 

number of features statistically significant with 

CPS was 33 (statistically corrected results were 

15). Female participants had 6 more statistically 

significant features than male participants, and 

after adjusting for age and BMI, there were 15 

more. The differences between female and male 

participants were as follows: the distance features 

of FDst_C_38_45 (r = 0.164, p = 0.007), 

FDst_C_39_44 (r = 0.195, p = 0.001), FDst_C_40_43 

(r = 0.214, p = 0.000), FDst_C_41_48 (r = 0.202, 

p = 0.001), and FDst_C_42_47 (r = 0.155, p = 

0.011) were positively associated with CPS in 

female participants, however, that of the male 

participants was not significant. In other words, 

in female participants, the higher the CPS, the 

farther the distance between the central point of 

the face and the eyes. Overall, it was found that 

Table 3. Correlation coefficients between facial morphological features and CPS for all participants

Features Unadjusted Adjusted Features Unadjusted Adjusted

1 FDst_1_17 -0.249** -0.026 2 FDst_C_42_47 0.125** 0.104*

FDst_2_16 -0.280** -0.019 FDst_C_49_55 -0.291** -0.097*

FDst_3_15 -0.334** -0.024 FDst_C_50_54 -0.095* -0.033 

FDst_4_14 -0.363** -0.047 FDst_C_51_53 0.044 0.025 

FDst_5_13 -0.370** -0.066 FDst_C_60_56 -0.044 -0.060 

FDst_6_12 -0.367** -0.091 FDst_C_59_57 0.104* -0.022 

FDst_7_11 -0.367** -0.102* FDst_C_61_65 -0.288** -0.113*

FDst_8_10 -0.368** -0.114* FDst_C_62_64 0.070 -0.012 

2 FDst_C_1_17 -0.161** 0.042 FDst_C_68_66 0.147** 0.025 

FDst_C_2_16 -0.263** 0.006 3 FAng_1_2_3_15_16_17 0.352** 0.105*

FDst_C_3_15 -0.341** -0.045 FAng_2_3_4_14_15_16 -0.149** 0.064 

FDst_C_4_14 -0.359** -0.085 FAng_3_4_5_13_14_15 -0.236** -0.031 

FDst_C_5_13 -0.362** -0.106* FAng_4_5_6_12_13_14 -0.257** -0.068 

FDst_C_6_12 -0.353** -0.112* FAng_5_6_7_11_12_13 -0.147** -0.094* 

FDst_C_7_11 -0.335** -0.103* FAng_6_7_8_10_11_12 0.087 0.005 

FDst_C_8_10 -0.300** -0.079 FAng_7_8_9_9_10_11 0.171** 0.098*

FDst_C_37_46 0.101* 0.081 FAng_8_9_10_8_9_10 0.250** 0.067 

FDst_C_38_45 0.230** 0.083 4 FArea_Up -0.296** -0.117*

FDst_C_39_44 0.245** 0.087 FArea_Down -0.293** 0.006 

FDst_C_40_43 0.059 0.110* FArea_In -0.238** -0.056 

FDst_C_41_48 0.105* 0.118* FArea_Out -0.386** -0.095*

Unadjusted, Pearson’s correlation coefficients; adjusted, partial correlation coefficients adjusted for sex, age, and BMI.
* p<0.05; ** p<0.01. 1, the features of distance between two points of facial landmarks; 2, the features of distance between the center point 
of a face and the facial landmark points; 3, the angle features; 4, the area features.

(545)



Journal of Korean Medicine 2021;42(4)

http://dx.doi.org/10.13048/jkm.21040110

the proposed facial morphological features were 

more suitable for predicting female participants' 

CPS. (Table 4, 5)

3. Association between facial 

morphological features and specific 

cold pattern symptoms

Table 6 shows the statistical analysis results of 

the facial morphological features compared with 

specific cold pattern symptoms. FDst_C_1_17 

value (the average of the normalized distances 

between the center point p  and point 1 and the 

center point p  and point 17) was significantly 

correlated with cold abdomen (r = 0.109, p = 

0.021). FDst_C_5_13 value was significantly 

correlated with aversion to cold (r = -0.095, p = 

0.045) and cold limbs (r = -0.107, p = 0.023). 

FDst_C_6_12 and FDst_C_7_11 values were 

significantly correlated with cold limbs 

(FDst_C_6_12: r = -0.113, p = 0.017; FDst_C_7_11: 

r = -0.107, p = 0.023). FDst_C_39_44 value was 

significantly correlated with aversion to cold 

temperature (r = 0.110, p = 0.020). FDst_C_40_43 

value was significantly correlated with aversion 

to cold temperature (r = 0.148, p = 0.002), cold 

limbs (r = 0.126, p = 0.007), and feeling cold in 

the body (r = 0.096, p = 0.041). FDst_C_41_48 

value was significantly correlated with aversion 

Table 4. Correlation coefficients between facial morphological features and CPS for male participants

Features Unadjusted Adjusted Features Unadjusted Adjusted

1 FDst_1_17 -0.227** 0.012 2 FDst_C_42_47 0.038 0.056 

FDst_2_16 -0.256** -0.002 FDst_C_49_55 -0.225** -0.063 

FDst_3_15 -0.288** -0.011 FDst_C_50_54 -0.006 -0.018 

FDst_4_14 -0.296** -0.019 FDst_C_51_53 0.118 0.027 

FDst_5_13 -0.276** -0.013 FDst_C_60_56 -0.075 -0.091 

FDst_6_12 -0.250** -0.008 FDst_C_59_57 -0.009 -0.105 

FDst_7_11 -0.205** -0.010 FDst_C_61_65 -0.209** -0.087 

FDst_8_10 -0.182* -0.030 FDst_C_62_64 0.024 -0.085 

2 FDst_C_1_17 -0.134 0.061 FDst_C_68_66 0.037 -0.054 

FDst_C_2_16 -0.236** 0.018 3 FAng_1_2_3_15_16_17 0.202** 0.022 

FDst_C_3_15 -0.292** -0.024 FAng_2_3_4_14_15_16 -0.123 0.016 

FDst_C_4_14 -0.300** -0.051 FAng_3_4_5_13_14_15 -0.239** -0.058 

FDst_C_5_13 -0.294** -0.064 FAng_4_5_6_12_13_14 -0.186* -0.029 

FDst_C_6_12 -0.284** -0.072 FAng_5_6_7_11_12_13 -0.156* 0.031 

FDst_C_7_11 -0.260** -0.092 FAng_6_7_8_10_11_12 0.229** 0.017 

FDst_C_8_10 -0.240** -0.109 FAng_7_8_9_9_10_11 0.213** 0.016 

FDst_C_37_46 0.028 0.074 FAng_8_9_10_8_9_10 0.067 -0.019

FDst_C_38_45 0.073 0.041 4 FArea_Up -0.260** -0.056 

FDst_C_39_44 0.071 0.006 FArea_Down -0.192** 0.001 

FDst_C_40_43 0.074 -0.022 FArea_In -0.178* 0.020 

FDst_C_41_48 0.045 0.015 FArea_Out -0.321** -0.071 

Unadjusted, Pearson’s correlation coefficients; adjusted, partial correlation coefficients adjusted for sex, age, and BMI.
* p<0.05; ** p<0.01. 1, the features of distance between two points of facial landmarks; 2, the features of distance between the center point 
of a face and the facial landmark points; 3, the angle features; 4, the area features.
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to cold (r = 0.124, p = 0.008), cold limbs (r = 

0.097, p = 0.040), and feeling cold in the body 

(r = 0.103, p = 0.029). FDst_C_42_47 value was 

significantly correlated with aversion to cold (r = 

0.095, p = 0.043), feeling cold in the body (r = 

0.099, p = 0.037), and preference for warm 

water (r = 0.095, p = 0.044). FDst_C_49_55 

value was significantly correlated with aversion 

to cold (r = -0.096, p = 0.042), cold limbs (r = 

-0.105, p = 0.026), and preference for warm 

water (r = -0.103, p = 0.029). FDst_C_61_65 value 

was significantly correlated with aversion to cold 

(r = -0.100, p = 0.035), cold limbs (r = -0.108, 

p = 0.022), and preference for warm water (r = 

-0.111, p = 0.019). 

FAng_1_2_3_15_16_17 value was significantly 

correlated with aversion to cold (r = 0.108, p = 

0.023) and cold limbs (r = 0.100, p = 0.035). 

FAng_2_3_4_14_15_16 value was significantly 

correlated with cold abdomen (r = 0.108, p = 

0.023) and pale face (r = 0.093, p = 0.049). 

FAng_4_5_6_12_13_14 value was significantly 

correlated with aversion to cold (r = -0.106, p = 

0.024). FAng_7_8_9_9_10_11 value was significantly 

correlated with aversion to cold (r = 0.123, p = 

0.009) and cold limbs (r = 0.111, p = 0.019).

FArea_Up value was significantly correlated 

with aversion to cold (r = -0.093, p = 0.049) 

Table 5. Correlation coefficients between facial morphological features and CPS for female participants

Features Unadjusted Adjusted Features Unadjusted Adjusted

1 FDst_1_17 -0.201** -0.047 2 FDst_C_42_47 0.155* 0.134*

FDst_2_16 -0.197** -0.026 FDst_C_49_55 -0.196** -0.115 

FDst_3_15 -0.215** -0.027 FDst_C_50_54 -0.055 -0.043 

FDst_4_14 -0.246** -0.059 FDst_C_51_53 0.042 0.022 

FDst_5_13 -0.263** -0.096 FDst_C_60_56 -0.033 -0.047 

FDst_6_12 -0.283** -0.141* FDst_C_59_57 0.072 0.023 

FDst_7_11 -0.279** -0.159** FDst_C_61_65 -0.194** -0.128*

FDst_8_10 -0.272** -0.168** FDst_C_62_64 0.039 0.026 

2 FDst_C_1_17 -0.103 0.031 FDst_C_68_66 0.126* 0.070 

FDst_C_2_16 -0.171** 0.002 3 FAng_1_2_3_15_16_17 0.245** 0.141*

FDst_C_3_15 -0.236** -0.054 FAng_2_3_4_14_15_16 0.015 0.099 

FDst_C_4_14 -0.271** -0.104 FAng_3_4_5_13_14_15 -0.141* 0.000 

FDst_C_5_13 -0.281** -0.131 FAng_4_5_6_12_13_14 -0.171** -0.087 

FDst_C_6_12 -0.271** -0.135 FAng_5_6_7_11_12_13 -0.204** -0.150**

FDst_C_7_11 -0.23** -0.108 FAng_6_7_8_10_11_12 0.087 -0.012 

FDst_C_8_10 -0.177** -0.061 FAng_7_8_9_9_10_11 0.219** 0.141*

FDst_C_37_46 0.095 0.088 FAng_8_9_10_8_9_10 0.163** 0.124*

FDst_C_38_45 0.164** 0.109 4 FArea_Up -0.276** -0.153*

FDst_C_39_44 0.195** 0.131* FArea_Down -0.141* 0.009 

FDst_C_40_43 0.214** 0.173** FArea_In -0.192** -0.101 

FDst_C_41_48 0.202** 0.173** FArea_Out -0.281** -0.105 

Unadjusted, Pearson’s correlation coefficients; adjusted, partial correlation coefficients adjusted for age and BMI.
* p<0.05; ** p<0.01. 1, the features of distance between two points of facial landmarks; 2, the features of distance between the center point 
of a face and the facial landmark points; 3, the angle features; 4, the area features.
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and cold limbs (r = -0.116, p = 0.014). FArea 

_Down value was significantly correlated with 

preference for warm temperature (r = -0.093, p = 

0.048). FArea_Out value was significantly 

correlated with aversion to cold (r = -0.095, p = 

0.045) and cold limbs (r = -0.100, p = 0.033). 

(Table 6)

Discussion

In our study, we found that facial morphological 

features were associated with CPS even after 

adjustment for sex, age, and BMI. Several studies 

have been conducted to develop an objective and 

reliable pattern identification system, since the 

disadvantage of diagnosis based on a practitioner’s 

subjective experience and personal knowledge 

leads to inconsistent diagnostic results. The features 

used for objective pattern identification are facial 

color33,34), increased leptin levels35), anthropometric 

measures36), resting metabolic rate5), heart rate 

variability parameters7), levels of circulating 

adiponectin37), the sympathetic nervous system 

and glsucose metabolism6), and tongue38). The 

studies on the relationship between cold pattern 

and facial complexion (color)33,34) used the method 

that divided a face into parts and extracted the 

L*a*b* color values of each part and investigated 

the correlation with the cold pattern. Although 

traditional pattern identification using facial 

complexion is conducted with facial color4), these 

color-based approaches share the problem that color 

is typically vulnerable to environmental illumination 

changes39). The proposed facial-morphological 

feature based pattern identification system is free 

from illumination conditions. Moreover, there 

have been no studies on the direct correlation 

between cold pattern and facial shape. This study 

was the first to objectively investigate the 

correlation between the facial morphological 

features and cold pattern.

The facial parts showing significant correlation 

according to cold pattern severity are the eyes, 

mouth, jaw, chin, and all sensory organs of the 

face. For the eyes, FDst_C_40_43, FDst_C_41_48, 

and FDst_C_42_47, which are the distances from 

the center point of the face to the landmarks on 

the eyes, were positively correlated with CPS 

(P<0.05), and the other three distances (FDst_C_ 

37_46, FDst_C_38_45, and FDst_C_39_44) were 

positively correlated with CPS and statistically 

quasi-significant (P<0.09). This means that 

people with a high CPS have higher eyes. 

In the mouth area, FDst_C_49_55 and 

FDst_C_61_65 have a negative correlation with 

CPS, which means that those with a high CPS 

have more upturned corners of the mouth. 

FDst_C_5_13, FDst_C_6_12, and FDst_C_7_11 

values were negatively associated with CPS, 

which means that the higher the CPS, the closer 

the jaw is to the center of the face and that the 

facial shape is relatively long. FAng_5_6_7_11_12_13 

value was negatively correlated with CPS, which 

means that the higher the CPS, the narrower the 

angle of the jaw; the jaws of subjects with high 

CPS were angled and the jaws of subjects with 

low CPS were rounded.

The normalized distances between points 7 and 

11 and between points 8 and 10 were negatively 

associated with CPS. This means the subjects 

with high CPS have a sharp chin. FAng_7_8_ 

9_9_10_11 was positively correlated with CPS, 
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Table 6. Partial correlation coefficients between facial morphological features and specific cold pattern symptoms for 
all participants

Features
aversion to 

cold 
temperature

preference for 
warm 

temperature

cold 
abdomen

cold 
limbs

feeling 
cold in the 

body
pale face preference for 

warm water
clear 
urine

1 FDst_1_17 -0.044 -0.018 0.043 -0.042 -0.010 -0.012 0.006 -0.026 

FDst_2_16 -0.046 -0.017 0.054 -0.035 0.004 -0.006 0.004 -0.034 

FDst_3_15 -0.062 -0.020 0.061 -0.038 0.008 -0.002 -0.007 -0.036 

FDst_4_14 -0.076 -0.029 0.043 -0.056 -0.004 -0.014 -0.018 -0.039 

FDst_5_13 -0.087 -0.034 0.022 -0.070 -0.018 -0.015 -0.024 -0.047 

FDst_6_12 -0.091 -0.047 -0.002 -0.081 -0.036 -0.011 -0.048 -0.058 

FDst_7_11 -0.081 -0.069 -0.011 -0.084 -0.043 0.006 -0.061 -0.076 

FDst_8_10 -0.069 -0.083 -0.023 -0.086 -0.049 -0.005 -0.079 -0.078 

2 FDst_C_1_17 0.011 -0.044 0.109* 0.012 0.028 0.008 0.063 -0.019 

FDst_C_2_16 -0.024 -0.023 0.081 -0.019 0.017 0.002 0.024 -0.033 

FDst_C_3_15 -0.067 -0.011 0.033 -0.058 -0.009 -0.010 -0.026 -0.033 

FDst_C_4_14 -0.087 -0.013 -0.012 -0.089 -0.035 -0.025 -0.051 -0.031 

FDst_C_5_13 -0.095* -0.019 -0.038 -0.107* -0.048 -0.022 -0.061 -0.039 

FDst_C_6_12 -0.083 -0.031 -0.049 -0.113* -0.050 -0.001 -0.077 -0.050 

FDst_C_7_11 -0.053 -0.052 -0.050 -0.107* -0.044 0.027 -0.076 -0.061 

FDst_C_8_10 -0.018 -0.067 -0.044 -0.084 -0.024 0.043 -0.066 -0.060 

FDst_C_37_46 0.070 0.002 0.042 0.036 0.078 0.016 0.085 -0.006 

FDst_C_38_45 0.084 0.006 0.012 0.065 0.085 -0.030 0.090 0.014 

FDst_C_39_44 0.110* 0.025 -0.008 0.090 0.084 -0.033 0.070 0.004 

FDst_C_40_43 0.148** 0.017 0.006 0.126** 0.096* 0.011 0.049 -0.022 

FDst_C_41_48 0.124** 0.022 0.018 0.097* 0.103* 0.048 0.086 -0.030 

FDst_C_42_47 0.095* 0.008 0.030 0.068 0.099* 0.032 0.095* -0.013 

FDst_C_49_55 -0.096* -0.014 -0.014 -0.105* -0.031 0.028 -0.103* -0.052 

FDst_C_50_54 -0.018 0.083 -0.067 0.002 -0.059 -0.053 -0.064 0.050 

FDst_C_51_53 0.014 0.071 -0.009 0.048 -0.050 -0.055 0.008 0.080 

FDst_C_60_56 -0.018 -0.081 -0.015 -0.021 0.018 -0.011 -0.085 -0.040 

FDst_C_59_57 0.024 -0.070 -0.013 0.009 0.030 -0.024 -0.042 -0.013 

FDst_C_61_65 -0.100* -0.014 -0.038 -0.108* -0.044 -0.001 -0.111* -0.037 

FDst_C_62_64 -0.050 0.025 -0.032 0.028 -0.028 -0.027 -0.011 0.050 

FDst_C_68_66 0.058 -0.015 0.015 0.019 0.040 -0.016 -0.008 0.004 

3 FAng_1_2_3_15_16_17 0.108* 0.035 -0.012 0.100* 0.055 0.034 0.078 0.025 

FAng_2_3_4_14_15_16 -0.039 0.016 0.108* 0.037 0.065 0.093* -0.016 0.012 

FAng_3_4_5_13_14_15 -0.030 -0.009 -0.002 -0.033 0.001 -0.055 -0.026 0.029 

FAng_4_5_6_12_13_14 -0.106* 0.030 -0.044 -0.080 -0.040 -0.078 0.037 0.004 

FAng_5_6_7_11_12_13 -0.070 0.003 -0.053 -0.085 -0.050 -0.004 -0.083 -0.033 

FAng_6_7_8_10_11_12 0.042 -0.042 0.022 -0.002 -0.018 0.075 0.006 -0.061 

FAng_7_8_9_9_10_11 0.123** -0.033 0.066 0.111* 0.066 0.018 0.030 0.010 

FAng_8_9_10_8_9_10 0.021 0.004 -0.083 -0.061 -0.002 -0.034 0.041 0.068 

4 FArea_Up -0.093* -0.002 -0.057 -0.116* -0.068 -0.033 -0.080 -0.019 

FArea_Down -0.008 -0.093* 0.092 -0.012 0.032 0.050 0.022 -0.064 

FArea_In -0.021 0.003 -0.068 -0.072 -0.028 -0.011 -0.022 -0.008 

FArea_Out -0.095* -0.069 0.034 -0.100* -0.038 0.005 -0.060 -0.062 

Partial correlation coefficients adjusted for gender, age, and BMI. Statistically significant results are in bold. *P<0.05; **P<0.01;
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which means that the higher the CPS, the closer 

the lines of points 7-8-9 and 9-10-11 are to 

being relatively straight. This means that a 

person with higher CPS has a pointed chin and a 

person with a lower score has a rounded chin.

For all sensory organs of the face, the FArea_Up 

value has a negative correlation with CPS, which 

means that the lower the CPS, the larger the 

relative upper area of the face. The FArea_Out 

value is also negatively correlated with the CPS, 

which means that the lower the CPS, the more 

small and centrally located the sensory organs of 

the face.

Figure 5 compares the facial contours of 

individuals with a high CPS (shown in blue; 

subjects with higher CPS scores than the third 

quartile; 113 in total) and those with a lower 

CPS (shown in red; subjects with lower CPS 

scores than the first quartile; 103 in total). The 

differences in facial morphological features 

mentioned above can be seen in the Figure 5.

Although the exact biological basis for cold 

pattern remains unclear, it is assumed that cold 

pattern is associated with reduced levels of 

thyroid8) or adrenal hormones10) or decreased 

metabolic rate5).

Adrenal hormones can be a major cause10). 

Adrenal fatigue or adrenal stress can cause an 

imbalance of hormones such as cortisol or 

dehydroepiandrosterone. This imbalance of adrenal 

hormones can lead to cold intolerance, feeling 

tired, sleepiness, dry skin, and weight gain. 

There has been no study on whether adrenal 

hormone directly affects changes in facial shape. 

However, Windhager et al. reported that cortisol 

correlates with changes in facial shape16). In that 

study, they investigated the association between 

male facial shape and body mass index (BMI), 

salivary cortisol, and perceived health. Their 

results showed that men with lower salivary 

cortisol levels had a longer facial outline than 

men with higher levels. Men with low salivary 

cortisol levels also had higher eyebrows, a 

longer nose, fuller lips, upturned corners of the 

mouth, and a more pointed chin. In addition, the 

face sensory organs of men with low salivary 

                (a)                       (b)                       (c)

Fig. 5. Comparison of facial shapes of individuals with a high cold pattern score (CPS) (shown in blue) and individuals 
with a low CPS (shown in red). Individuals with a high CPS have higher eyes, a narrower angle of the jaw, more 
upturned corners of the mouth, and a smaller upper area of the face. (a) all participants (b) male participants (c) female 
participants
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cortisol were relatively widespread. The facial 

morphological features of men with low levels 

of salivary cortisol are very similar to those of 

high CPS subjects. The fact that subjects with 

low salivary cortisol levels and those with high 

CPS have a similar facial shape supports the 

hypothesis that decreased hormones or diminished 

functioning of the whole body increases cold 

sensitivity. 

Since cold pattern comprises a set of multiple 

symptoms or signs, it needs to be diagnosed 

comprehensively. Therefore, the association between 

facial morphological features and specific symptoms 

was investigated. The facial morphological features 

that were significantly correlated with each 

symptom were different from the facial 

morphological features that were significantly 

correlated with CPS. The numbers of significant 

facial morphological features were different for 

each symptom; aversion to cold temperatures had 

the most number of significant features, and clear 

urine had the least number of significant features.

This study has certain limitations that should 

be considered. First, this study was performed on 

only 452 subjects, which were all in their thirties 

or forties. Second, this study only examined 

Korean adult subjects, and the results may 

slightly differ from other ethnic groups. Third, 

we used a self-report cold pattern questionnaire 

based on usual symptoms32,40), and did not perform 

other cold pattern questionnaire or a comprehensive 

inspection by a practitioner. Therefore, even 

though the questionnaire used in this study was 

developed based on the previously developed cold 

pattern questionnaires and expert's evaluation, it 

cannot be confirmed in this study whether it is 

applicable to the disease-based pattern identification 

tool or clinical Korean medicine doctors' diagnosis 

of cold pattern. In addition, information regarding 

the levels of thyroid or adrenal hormones of the 

subjects is missing, even though these levels are 

presumed to be the biological basis of the cold 

patterns in this study. 

Thus, future studies need a larger number of 

subjects of various ages and from different 

ethnic groups to confirm the generalization of 

our findings. In addition, for clinical application, 

large clinical studies are needed to determine 

whether the results of this study can be used in 

disease-based pattern identification. Additionally, 

it would be useful to study the association 

between the cold pattern and facial morphological 

features defined in a 3D space.

Conclusions

In this study, correlations between cold pattern 

and facial morphological features were analyzed 

with a fully automated facial shape analyzing 

system. The subjects with high CPS had a more 

pointed chin, a longer facial shape, more angular 

jaw, higher eyes, more upturned corners of the 

mouth, and relatively more widespread sensory 

organs of the face. These results suggest that 

facial diagnosis can be performed objectively for 

cold pattern identification. To the best of our 

knowledge, this study is the first to investigate 

the correlation between facial shape and cold 

pattern and suggests that facial morphology 

analysis is useful for identifying cold pattern.
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