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Do dark circles under the eyes predict health status?
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Abstract: Mibyeong (sub-health) refers to a condition in which physical, mental, and social abnormalities cause 
discomfort in daily life or non-pathological abnormalities observed during clinical examinations. The objective of 
this study was to investigate the association between dark circles under the eyes (DCE) values with Mibyeong 
scores (MBSs) using a fully automated analysis system. A DCE score (DCES) was determined in 169 participants, 
which was calculated as the difference between the intensity of the region under the eyes and that of the adjacent 
region. Self-rated Mibyeong severity was determined using a questionnaire. DCES was positively associated with the 
Mibyeong score (MBS) (p = 0.175, p = 0.024), and it was significantly correlated with specific Mibyeong symptoms, 
including depression persistence (p = .168, p = .030), anger degree (p = .223, p = .004), anger discomfort (p = 
.203, p = .009), anger persistence (p = .235, p = .002), anger degree after rest (p = .195, p = .012), anxiety degree 
(p = .176, p = .023), anxiety discomfort (p = .163, p = .035), and anxiety degree after rest (p = .192, p = .013). The 
DCES was further statistically quasi-significant with sleep disturbance persistence, depression discomfort, and anxi-
ety persistence. Darker circles under the eyes were associated with a higher MBS, which indicates that DCE can be 
used as an indicator of Mibyeong status. DCE was correlated with anger, anxiety, depression, and sleep disturbance. 
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Introduction

Mibyeong (sub-health, China: Weibing, Japan: 
Mibyou) refers to a non-pathological condition 
in which individuals suffer from discomfort due 
to the physical, mental, or social stresses of 
daily life. In other words, Mibyeong represents a 
domain between health and disease. In tradi-
tional East Asian Medicine (TEAM), Mibyeong is 
regarded as a condition that requires medical 
care and treatment. TEAM’s oldest book, 
Huangdi Neijing (The Yellow Emperor’s Classic 
of Internal Medicine) [1], indicates the enduring 
nature of this concept by stating that “a good 
doctor treats a person who is in Mibyeong 
state, rather than treating a person who is 
already afflicted with disease”.

The causes of Mibyeong are thought to be very 
diverse. Aging, an inadequate diet, an unhy-
gienic environment, and stress in daily life can 
all cause Mibyeong. The most representative 
cause of Mibyeong from the perspective of 
TEAM is deficiency [2]. According to this per-
spective, deficiencies or a deficiency pattern in 
daily life leads to lowered resilience and to 
Mibyeong symptoms. The exact cause of Mi- 

byeong is often difficult to determine, and fur-
ther research pertaining to its clinical features 
is required.

The face is one of the easiest parts of the body 
to observe, and it can provide important infor-
mation regarding a person’s emotional state or 
health status. From the perspective of TEAM, 
the face has been regarded as an important 
body part that reflects physiological and patho-
logical changes, with facial complexion being 
used as one of the main diagnostic indicators 
[3-6]. Changes in the facial color are easily visi-
ble given that the face is rich in meridians and 
the facial skin is soft and thin. The face can pro-
vide a variety of critical health-related cues, 
such as dark circles under the eyes (DCE) or 
periorbital hyperpigmentation, hanging eyelids, 
red eyes, swollen eyes, glazed eyes, and pale 
skin [7]. Many individuals with poor general 
health experiences DCE [7]. 

The concept of health being reflected in the 
eyes is not new or novel. The classical medical 
textbook DonguiBogam was compiled by the 
royal physician Heo Jun (1539-1615) and was 
first published in 1613 during the Korean 
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Joseon Dynasty [8]. DongUiBoGam was the 
most recent medical book of the time, and is 
regarded as the preeminent medical textbook 
on traditional Korean medicine. The following 
statement pertaining to DCE was mentioned in 
the second volume of Internal Bodily Elements 
of DongUiBoGam, “When the person has 
phlegm, an ash-like black color must appear on 
the eyelids and under the eyes”.

Phlegm is a pathological substance that is pro-
duced when bodily fluids stagnate and accumu-
late in certain regions of the body [9]. Symptoms 
that are associated with phlegm production 
include expectoration, chest tightness, gas-
trectasia, anorexia, nausea, vomiting, dizzi-
ness, and greasy stool [9, 10]. An unhealthy 
individual who experiences phlegm production 
may experience DCE, and the degree of their 
illness may be estimated by the severity of their 
DCE.

We have based the present study on others, 
which suggest that DCE may serve as an index 

of overall health, and further hypothesized that 
the degree of DCE in facial images is associat-
ed with an individual’s Mibyeong state. Here, 
we used a fully automated analysis system to 
detect the face, normalize the intensity of the 
face image, and then calculate a DCE value. We 
then investigated the association of DCE val-
ues with Mibyeong scores (MBSs) in an effort to 
demonstrate that this biomedical index is in 
fact associated with meaningful, health-related 
outcomes in individuals.

Methods

Participants

This cross-sectional study was conducted be- 
tween March 2016 and May 2016. Mibyeong 
questionnaires and all facial images were col-
lected from the Korea Institute of Oriental 
Medicine’s Korean medicine Data Center [11]. 
A total of 169 subjects participated in this 
study, and Table 1 shows the inclusion and 
exclusion criteria for participants. The age of 

Table 1. The inclusion and exclusion criteria for participants
Inclusion criteria
1. Healthy men and women aged 35 to 44 years
2. People who complained of persistent or recurrent fatigue during the last 6 months
3. People with a Chalder Fatigue Scale Questionnaire score of ≥ 15
4. People with a Mibyeong questionnaire score of ≥ 14
5. People with a regular job
Exclusion criteria
1. People with primary sleep disorders
2. Those who had been diagnosed with depression within the last 5 years
3. People with fatigue due to physical reasons:
    - Organ failure (emphysema, cirrhosis, heart failure, chronic kidney failure, etc.),
    - Chronic infectious diseases (AIDS, hepatitis B or C),
    - Rheumatic/inflammatory diseases (SLE, rheumatoid arthritis, inflammatory bowel disease, chronic pancreati-
tis, etc.)
    - Major neurological diseases (multiple sclerosis, neuromuscular diseases, epilepsy, etc.)
    - Endocrine/metabolic diseases (diabetes, thyroid disease, severe obesity with BMI > 45)
    - Other diseases (anemia, tuberculosis, chronic lung disease, hypertension, etc.), 
    - Malignant tumors
4. Those with fatigue due to a mental or social cause:
    - Mental illness (anxiety, neuropathy, bipolar affective disorder, schizophrenia, delusional disorder, dementia, 
anorexia nervosa, bulimia, etc.)
    - Alcoholism and drug abuse within the last 2 years
    - Those who have recently been severely stressed
5. Those taking antihypertensive drugs, antidepressants, anxiolytics, hypnotics, and antihistamines within the 
last 2 weeks
6. Mibyeong questionnaire responses with no complaints of fatigue symptoms
7. Those who have received medical or oriental medical care for fatigue within the past month
8. Pregnant women, women who are breastfeeding, and those who plan to become pregnant within 6 months
9. An overworked person, or those with occupations involving night shifts and shift work
10. 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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the participants ranged between 34.3 and 
45.9 years, and the BMI ranged from 16.6 to 
32.9 kg/m2. The hospital’s institutional review 
board approved the study protocol (KHNMCIH 
2014-09-010), and all participants provided 
informed, written consent prior to their in- 
clusion. 

The DCE score calculation

We assessed the severity of DCE using a dark 
circles under the eyes score (DCES) derived 
from facial images. The DCES was determined 
based on the difference between the intensity 
of the region under the eyes and that of its 
adjacent region. The processes for calculating 
the DCES are depicted in Figure 1 and are 
described further in the following subsections.

Image acquisition: The purpose of this study 
was explained to all participants prior to facial 
image acquisition. Participants were asked to 
wear a hair band to prevent their hair from cov-

jpeg format at a resolution of 3696 × 2448 
pixels.

Face detection and image histogram matching: 
To detect faces, we used a facial landmark 
detector included in the Dlib library [12], which 
implements the Kazemi and Sullivan method 
[13]. The detector calculated a rectangular face 
region as shown in Figure 2A (the original 
image is from the Chicago Face Database [14]). 
The face images for all subjects were normal-
ized to have the same intensity distribution to 
account for differences in skin intensity, which 
were present despite our use of identical illumi-
nation conditions across all subjects. Histogram 
matching was conducted by adjusting the histo-
gram of the facial image to match the histo-
gram of the average image for all the grayscale 
face images (Figure 2B). 

Dark circle region detection and dark circles 
score calculation: Because facial shape differs 
from person to person, the dark circle region 

Figure 1. Schematic diagram of the dark circles score calculation.

Figure 2. Examples of face detection, image histogram matching, and de-
tection of the facial landmarks. (A) The detected face region was marked 
with a green line. (B) The intensity distribution of the original image (A) was 
converted by histogram matching. The red dots denote the facial landmark 
points. This original image is from the Chicago Face Database [14], which is 
a publicly available image database.

ering the ears and forehead. 
Participants were instructed 
to sit comfortably in a chair 
located about 1.6 m from  
the camera. A frontal facial 
image of the participant was 
then captured 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 pro-
cedure for the acquisition of 
these pictures to reduce  
inter-rater bias. All face imag-
es were taken at the same 
location with an outer fluores-
cent light source and saved in 
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also differs. Facial landmarks were used for 
accurate dark circle region detection across 
varying facial shapes. To detect facial land-
marks, we also used the facial landmark detec-
tor included in the Dlib library [12], which pro-
vides 68 landmark points (Figure 2B).

The DCES was calculated as the difference 
between the intensity of the region under the 
eyes (the moon-shaped region outlined in cyan 
in Figure 3) and the intensity of the adjacent 
region (the fan-shaped region outlined in yellow 
in Figure 3). The region under the eyes is where 
we expected to find hyperpigmentation.

A prescribed methodology was used for deter-
mining the region under the left eye (RULE) and 
the region adjacent to RULE (RARULE). For 
example, if points 43 and 46 are both horizon-
tal end points for the subject’s left eye, the pLB 
point is located equidistant between points 43 
and 46. That is, the distance between points 
43 and 46, points 43 and pLB, and points 46 
and pLB are identical. RULE was taken to be 
the region in the circle passing through the 
points 43, 46, and pLB-excluding the left eye 
itself. Point pLC represents the center of this 
circle, and it is the center point of the points 43, 
46, and pLB.

The region adjacent to RULE (RARULE) was an 
area not expected to have hyperpigmentation; 

it is depicted in Figure 3 as a yellow-outlined 
fan shape. Let r be the distance from pLC to 
pLB and let LCircularSector be the intersection 
of the circle with a radius of 2r around pLC and 
the triangle formed by points 44, 55, and 16. 
Excluding the region of the circle passing 
through points 43, 46, and pLB from the 
LCircularSector, the remaining region was con-
sidered RARULE. The trimmed averages of pixel 
intensity values of RULE and RARULE regions 
were computed, where the trimmed average is 
the mean after discarding the upper and lower 
quartiles of each region’s distribution. The 
trimmed mean excludes the effects of outlying 
intensities and is, therefore, suitable for this 
study.

The dark circles under the left eye score 
(DCLES) is the value obtained by subtracting 
the trimmed average of pixel intensities of 
RULE from the trimmed average of pixel intensi-
ties of RARULE. The region under the right eye 
(RURE), the region adjacent to RURE (RARURE), 
and the dark circles under the right eye score 
(DCRES) were obtained by applying the same 
method to the right eye. Finally, the DCES was 
calculated as the average of both the DCLES 
and DCRES. This assessment system was 
implemented in Matlab R2016a (MATLAB and 
Image Processing Toolbox, The MathWorks, 
Inc., Natick, Massachusetts, United States) in a 
Win64 environment.

Mibyeong

The Mibyeong (sub-health) questionnaire uti-
lized in the present study covered seven symp-
toms: fatigue, pain, sleep disturbance, indiges-
tion, depression, anger, and anxiety. The Mi- 
byeong questionnaire evaluated each symptom 
across four dimensions: degree (the severity of 
the symptom), discomfort (the discomfort 
severity caused by the symptom), persistence 
(the number of days the symptom persisted), 
and degree after rest (the degree of symptom 
improvement after rest). The Mibyeong ques-
tionnaire consisted of 28 questions in total, 
each presented on a 7-point scale from “very 
weak” (score 1) to “very severe” (score 7). The 
sum of these scores was the Mibyeong score 
(MBS), which ranged from 28 to 196, with high-
er values indicating more severe Mibyeong 
symptoms. The Cronbach’s α of the Mibyeong 
questionnaire was previously reported to be 
.913 [15].

Figure 3. An example of the detection of the dark 
circles region. The red dots represent the facial land-
mark points, and the numbers next to the red dots 
indicate the order of the points. The DCES was cal-
culated as the difference between the intensity of 
the region under the eyes (the region marked with 
cyan under the eyes) and the intensity of the adja-
cent region (the region marked with yellow under the 
eyes). This original image is from the Chicago Face 
Database [14], which is a publicly available image 
database.
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Statistical analysis

Continuous variables were presented as the 
mean and standard deviation, and categorical 
variables were reported as percentages. A cor-
relation analysis (partial correlation coeffi-
cients which controls for the effect of potential 
confounding factors) was conducted to assess 
the degree of association between the DCES 
and MBS after adjusting for sex and age. p-val-
ues less than 0.05 were considered statistical-
ly significant, and p-values less than 0.09 were 
considered statistically quasi-significant. All 
statistical analyses were performed using 
SPSS 22.0 (IBM, Chicago, IL, USA).

Results

Participant characteristics

This study included 69 male and 100 female 
participants with a mean age of 39.6 ± 3.1 
years (range 34.2-45.9 years). The mean MBS 
and mean BMI were 57.6 ± 20.3 (range 22-119) 

and 23.6 ± 3.4 (range 16.6-32.9), respectively 
(Table 2). 

Association of DCES with MBS 

The DCES was positively associated with the 
MBS (partial p = .175, p = .024) after adjusting 
for sex and age. In other words, darker circles 
under the eyes were associated with more 
severe Mibyeong symptoms.

Correlation of DCES with specific Mibyeong 
symptoms

Table 3 shows the results of the DCES correla-
tion analyses with specific Mibyeong symptoms 
after adjustment for sex and age. Eight and 
three of the 28 items were statistically signifi-
cant (p < 0.05) and quasi-significant (p < 0.09) 
with regard to the DCES, respectively (3 items 
with a p-value less than 0.01, 5 with a p-value 
less than 0.05, and 3 with a p-value less than 
0.09). By symptom, sleep disturbance persis-
tence was statistically quasi-significant with 
the DCES (p < 0.09). Discomfort and persis-

Table 2. Characteristics of the participants

Number of participants 169
Male Female

p-value 
69 (40.8%) 100 (59.2%)

Age (yrs) 39.6 ± 3.1 39.0 ± 3.0 40.0 ± 3.1 0.000
MBS 57.6 ± 20.3 57.2 ± 20.1 57.9 ± 20.6 0.000
BMI 23.6 ± 3.4 25.1 ± 3.2 22.5 ± 3.1 0.000
Statistically significant differences between group means as determined by two-sample t-test are in bold. MBS, Mibyeong 
score; BMI, body mass index.

Table 3. Correlation between the DCES and specific Mibyeong symptoms
Symptoms Dimensions ρ p-value Symptoms Dimensions ρ p-value
Fatigue Degree 0.071 0.363 Indigestion Persistence 0.070 0.372

Discomfort 0.097 0.210 Degree after rest 0.085 0.277
Persistence -0.022 0.780 Depression Degree 0.122 0.115
Degree after rest 0.079 0.307 Discomfort 0.136 0.079

Pain Degree 0.108 0.165 Persistence 0.168 0.030
Discomfort 0.076 0.329 Degree after rest 0.106 0.171
Persistence 0.004 0.959 Anger Degree 0.223 0.004
Degree after rest 0.049 0.531 Discomfort 0.203 0.009

Sleep disturbance Degree 0.054 0.486 Persistence 0.235 0.002
Discomfort 0.131 0.091 Degree after rest 0.195 0.012
Persistence 0.145 0.061 Anxiety Degree 0.176 0.023
Degree after rest 0.096 0.215 Discomfort 0.163 0.035

Indigestion Degree 0.064 0.410 Persistence 0.134 0.084
Discomfort 0.012 0.876 Degree after rest 0.192 0.013

Partial correlation coefficients adjusted for sex and age. Statistically quasi-significant (p < 0.09) and significant (p < 0.05) 
results are in bold; DCES: the dark circles under the eyes score.
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tence of depression were statistically quasi-
significant and significant with the DCES, 
respectively. All four dimensions of anger 
(degree, discomfort, persistence, degree after 
rest) had a significant correlation with the 
DCES. Three dimensions (degree, discomfort, 
and degree after rest) and one dimension (per-
sistence) of anxiety showed significant and 
quasi-significant correlations with the DCES, 
respectively.

Discussion

In the present study, we hypothesized that the 
DCES was related to Mibyeong (sub-health) 
severity and assessed this relationship using a 
fully automated facial image analysis system. 
Our results indicated that health status can be 
estimated based on the DCES. 

Human faces provide a wealth of information, 
including an individual’s identity, health, age, 
sex, and attractiveness to the opposite sex [3, 
16-18]. Because the face is easily observed 
during interpersonal interactions, its applicabil-
ity is even greater. It is already known that the 
face carries information about health and that 
humans can easily distinguish healthy from 
unhealthy faces [19] and are reminiscent of 
positive features on a healthy face uncon-
sciously [20]. Evaluating facial appearance not 
only reveals information regarding health, but it 
can also provide insight into other social 
aspects, such as a attractiveness [21, 22] and 
leadership ability [23]. Research findings that 
support the associations between facial 
appearance and health are increasing [5, 
24-26].

Previous studies have primarily analyzed the 
whole facial area; however, in this study we 
focused on a specific area of the face for health 
status diagnosis-DCE. We conducted this study 
in an objective way using a fully automated 
computer-based method to test the hypothesis 
that sub-health status is associated with DCE. 
We hypothesized that darker circles under the 
eyes would be associated with more severe 
Mibyeong states, and we defined the DCES as 
the value obtained by subtracting the bright-
ness of the region under the eyes from that of 
its adjacent region.

We found that the DCES was correlated with 
the Mibyeong score (MBS) (p = .175, p = .024), 
even after adjusting for sex and age. This result 

confirms our hypothesis that participants with 
darker under-eye regions would exhibit more 
severe Mibyeong symptoms.

Because Mibyeong is traditionally diagnosed 
based on the presence of multiple symptoms or 
signs (rather than a single symptom), we inves-
tigated the association between the DCES and 
the four dimensions of specific symptoms. The 
persistence of sleep disturbance was statisti-
cally quasi-significant (p < 0.09), as were the 
one dimension (discomfort) of depression 
symptoms and the one dimension (persistence) 
of anxiety symptoms. Another dimension (per-
sistence) of depression symptoms was signifi-
cant (p < 0.05), as were all dimensions of anger 
symptoms and three dimensions of anxiety 
symptoms.

The biological basis for the correlation between 
DCE and Mibyeong could be explained by previ-
ous studies. Many existing studies have report-
ed that non-pathological symptoms, such as 
general fatigue [27-29], anxiety [30-32], and 
sleep disturbances [7, 28, 33-35] cause DCE. 
The adrenals, which are located on top of the 
kidneys, produce a variety of hormones, such 
as cortisol or hydrocortisone, corticosterone, 
aldosterone, adrenaline or epinephrine, etc. 
Cortisol controls the autonomic nervous sys-
tem’s fight-or-flight response. If chronic stress 
symptoms, such as fatigue, anxiety, and 
depression persist, they can result in adrenal 
fatigue and diminished cortisol levels [36, 37]. 
Some studies have also reported that plasma 
or urinary cortisol hormone levels decrease 
when individuals experience sleep deprivation 
lasting 48 hours or more [38, 39]. When corti-
sol levels are chronically low, the pituitary gland 
produces adrenocorticotropic hormone (ACTH 
or corticotropin) to stimulate more cortisol pro-
duction. However, ACTH also stimulates mela-
nin production, which darkens the under-eye 
skin tone and causes hyperpigmentation [40, 
41]. Similar to the findings of previous studies, 
our results demonstrate that anxiety and anger 
were significantly correlated with DCE and that 
sleep disturbance was weakly correlated with 
DCE. However, we also found that fatigue and 
DCE were not correlated, which was an unex-
pected result [4].

Metabolic disorders are also associated with 
DCE [42, 43]. According to Boxrud et al. [43], 
systemic conditions, such as metabolic and 
endocrine disorders, can lead to hyperpigmen-
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tation of the periorbital area. Metabolic disor-
ders can also cause excessive accumulation of 
carbon dioxide and diminished oxygen satura-
tion levels [44, 45]. Decreased blood oxygen 
can cause the skin to turn blue [46]. Due to its 
decreased levels of collagen, elastin, and gly-
cosaminoglycans [47], the skin over the lower 
eyelid is relatively thin, meaning that the blood 
vessels around the eyes are more visible there 
than they are elsewhere. Moreover, previous 
studies have reported that blood stasis or 
venous congestion and the degree of blood oxy-
gen saturation are associated with the DCES 
[48, 49]. This is also consistent with the finding 
in DonguiBogam, in which individuals with 
phlegm have DCE [8].

While it offers significant strengths, the present 
study also has some limitations worth mention-
ing. First, although traditional diagnoses are 
performed by practitioners after a comprehen-
sive clinical exam involving listening, smelling, 
questioning, and palpation (i.e., “the four diag-
nostic methods”), Mibyeong was diagnosed in 
this study using a subjective self-questionnaire 
comprising questions regarding typical, self-
perceived Mibyeong symptoms. Additionally, 
although sex and age were used as covariates 
in our analyses, other external variables that 
could affect the DCES, such as the participants’ 
level of sun exposure, were not included in the 
analyses. Finally, the present study was per-
formed on only 169 subjects. A larger sample 
size is necessary to generalize our findings.

Conclusions

In the present study, we reveal significant cor-
relations between DCE and Mibyeong using a 
fully automated facial image analyzing system. 
Participants with high Mibyeong scores (un- 
healthy) had darker skin under eyes. The results 
of this study demonstrate that the degree of 
dark circles under the eyes may be an indicator 
of health status. To the best of our knowledge, 
this is the first study to investigate the associa-
tion between DCE and Mibyeong status and to 
suggest that dark circle analysis may be helpful 
in identifying non-pathological patient health 
status.
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