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Background: To apply non-invasive Automatic Tongue Diagnosis System (ATDS) in
analyzing tongue features in patients with chronic kidney disease (CKD).

Methods: This was a cross-sectional, case-controlled observational study. Patients with CKD
who met the inclusion and exclusion criteria were enrolled and divided into the following
groups according to renal function and dialysis status: non-dialysis CKD group; end-stage
renal disease (ESRD) group; and control group. Tongue images were captured and eight
tongue features—shape, color, fur thickness, saliva, fissure, ecchymosis, teeth marks, and
red dots—were imaged and analyzed by ATDS.

Results: 117 participants (57 men, 60 women) were enrolled in the study, which included 16
in control group, 38 in non-dialysis CKD group, and 63 in ESRD group. We demonstrated
significant differences in the fur thickness (p = 0.045), color (p = 0.005), amounts of
ecchymosis (p = 0.010), teeth marks (p = 0.016), and red dot (p < 0.001) among three groups.
The areas under receiver operating characteristic curve for the amount of ecchymosis was
0.757 + 0.055 (95% confidence interval, 0.648—0866; p < 0.001). Additionally, with increase in
ecchymosis by one point, the risk of CKD dialysis rose by 1.523 times (95% confidence in-
terval, 1.198—1.936; p = 0.001). After hemodialysis, the amount of saliva (p = 0.038), the area
of saliva (p = 0.048) and the number of red dots (p = 0.040) were decreased significantly
among patients with ESRD. On the contrary, the percentage of coating (p = 0.002) and area
of coating (p = 0.026) were increased significantly after hemodialysis.

Conclusion: Blood deficiency and stasis with gi deficiency or blood heat syndrome (Zheng
pattern) is common in patients with CKD. The risk of CKD dialysis increases with
increasing ecchymosis. Hemodialysis can affect saliva, tongue coating, and relieve heat
syndrome among ESRD patients.
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At a glance commentary
Scientific background on the subject

This study applied non-invasive automatic tongue
diagnosis system in analyzing tongue features in pa-
tients with chronic kidney disease.

What this study adds to the field

Blood deficiency and stasis with gi deficiency or blood
heat syndrome (Zheng pattern) is common in patients
with CKD. The risk of CKD dialysis increases with
increasing ecchymosis on the tongue. Hemodialysis can
affect saliva, tongue coating and relieve heat syndrome
among ESRD patients.

Chronic kidney disease (CKD) is a global financial and medical
burden because of its high morbidity and mortality [1].
Furthermore, renal disease is one of the ten leading causes of
death in Taiwan. Taiwan has high incidence (27.21/1000
patient-years) and prevalence (15.46%) of CKD. Patients with
end-stage renal disease (ESRD) only account for 0.15% of the
total patients with CKD; however, over 7% of the annual
budget of Taiwan's NHI Program is consumed by dialysis [1].
Additionally, the expenses due to ESRD continue to rise along
with the incidence and prevalence of dialysis. The incidence
of dialysis in 2000 was 331 per million/year, which rose to 504
per million/year in 2017. Similarly, the prevalence of dialysis
was 1448 per million in 2000, which increased to 3480 per
million in 2017 [2].

According to 2012 Kidney Disease: Improving Global Out-
comes (KDIGO) Clinical Practice Guideline, CKD is defined as
abnormalities of kidney structures or glomerular filtration rate
(GFR) < 60 mL/min/1.73 m? for more than 3 months [3]. With
progressive loss of renal function, many complications, such as
volume overload, electrolyte imbalance, anemia, and meta-
bolic acidosis may develop [4]. Patients may present with
uremia-related symptoms and signs, such as fatigue, insomnia,
pruritus, nausea, and vomiting [5,6]. Traditional Chinese
medicine (TCM) has been used to treat CKD for thousands of
years in China and was proved to be effective [7—9].

In TCM, tongue diagnosis is an important and unique
diagnostic tool. The tongue can reflect the gi-blood, yin-yang
status of the internal organs according to the TCM theory
[10,11]. Through inspection of the appearance of the tongue,
such as tongue color, teeth mark, fur color, and thickness,
TCM doctors determine the TCM syndrome, which further
guides the treatment.

However, interpretation of tongue diagnosis is often
biased due to subjective judgments and environmental
factors. In order to obtain an objective diagnosis, in this
study, we employed Automatic Tongue Diagnosis System
(ATDS) to capture and interpret the appearance of the
tongue. In the past, studies have used ATDS to explore the
relationship between tongue features and various diseases,
such as diabetes mellitus [12], metabolic syndrome [13],

breast cancer [14], functional dyspepsia [15], and gastro-
esophageal reflux [16].

The aims of our study were to evaluate the differences in
tongue manifestations between patients with CKD not on
dialysis, patients with ESRD, and healthy controls using non-
invasive ATDS and to provide valuable information to TCM
doctors in accurately differentiating between syndromes and
providing treatment.

Materials and methods
Ethics approval

This study was performed in accordance with the Declaration
of Helsinki. Written informed consent was obtained from all
participants before enrollment. Personal data about potential
and enrolled participants were collected, shared, and stored in
an independent closet for protecting confidentiality before,
during, and after the study. The trial was approved by the
Institutional Review Board of the Chang Gung Medical Foun-
dation (IRB no. 201801244B0). This trial was registered with the
National Institute of Health clinical trial registry (clinicaltrials.
gov; NCT04559958).

Participants

Patients were recruited from the outpatient clinic and hemo-
dialysis unit of the Division of Nephrology of Kaohsiung
Chang Gung Memorial Hospital in Kaohsiung, Taiwan.

Inclusion criteria

Subjects were deemed eligible upon satisfaction of the
following criteria. Patients in both arms of the study were over
20 years old in age. The experimental group had CKD stage
3-5 (estimated glomerular filtration rate < 60 mL/min/1.732).
Informed consent was obtained from all patients.

Exclusion criteria

The following were the exclusion criteria: pregnancy; acute
infections; cancer with brain metastasis, and presenting with
cognitive dysfunction, such as dementia or delirium; inability
to protrude the tongue stably; patients with risk of temporo-
mandibular joint dislocation; and those who did not provide
informed consent.

Study design

This was a cross-sectional, case-controlled observational study.
Participants were divided into the following three groups ac-
cording to the status of their renal function: non-dialysis CKD
group, ESRD group, and control group. Participants with eGFR
>15 and <60 mL/min/1.73 m? (calculated using the Modification
of Diet in Renal Disease [MDRD] Study equation) for more than
3 months and without regular dialysis were enrolled in non-
dialysis CKD group [3]. Participants with eGFR <15 mL/min/
1.73 m? and who underwent regular dialysis were recruited in
the ESRD group. Participants with eGFR >60 mL/min/1.73 m?
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Fig. 1 Flow chart of the study design. Abbreviations: CKD: chronic kidney disease; ESRD: end stage renal disease; eGFR:
estimated glomerular filtration rate; ATDS: Automatic Tongue Diagnosis System.

and without evidence of kidney damage, such as albuminuria
or abnormal findings on renal imaging, were enrolled in the
control group. The lingual information of these three groups
was collected and the differences between the characteristics
of the tongue images of each group were summed up.

After signing the consent form, the participants underwent
tongue image capture with ATDS. The ATDS examination was
performed by the same well-trained operator in all patients
and in a stable environmental condition. The flow chart of this
study is presented in Fig. 1.

Intervention: automatic tongue diagnosis system

ATDS was used to photograph the tongue and automatically
extract the features. It was set at a fixed location and both

the operator and patient sat at fixed seats in order to
decrease the influence of background surroundings. ATDS
can automatically correct any lighting and color deviations
using a color calibration bar attached beside the chin
support.

First, the operator adjusted the location of the chin support
horizontally and vertically according to the patient's height in
order to capture the whole tongue. Second, the patient pro-
truded the tongue out and held it relaxed and stable for
approximately 5 s, thus, allowing the operator to take a pic-
ture. Third, the tongue image was segmented by isolating the
tongue region to remove the irrelevant portions within the
image, including the teeth, lower facial portion, and back-
ground data. Consequently, feature identification and
extraction were performed by ATDS.
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Table 1 Demographic characteristics of the study participants.

Control CKD ESRD p-value®

N =16 N =38 N =63
Sex (n; male/female) 7/9 20/18 30/33 0.810
Mean + standard deviation
Age (years) 63.06 + 6.90 63.79 + 11.60 62.38 + 9.46 0.787
BMI (kg/m?) 22.88 +2.78 25.03 + 4.11 23.58 + 3.83 0.090
SBP (mmHg) 120.06 + 17.46 147.79 + 11.04 143.30 + 24.05 <0.001
DBP (mmHg) 66.19 + 11.70 72.13 £ 9.90 72,71 + 12.25 0.124
BUN (mg/dL) 17.25 + 2.46 57.55 + 24.39 66.48 + 19.54 <0.001
Cr (mg/dL) 0.99 + 0.19 4.41 +2.50 10.52 + 2.93 <0.001
eGFR (mL/min/1.73 m?) 70.64 + 8.93 18.29 + 13.96 5.14 + 2.58 <0.001
Hb (g/dL) 14.08 + 0.72 10.35 + 2.22 10.48 + 1.14 <0.001
Albumin (g/dL) 417 +0.21 4.13 +0.44 3.96 + 0.33 0.026
HbA1C (%) 5.46 + 0.27 6.41 +1.64 6.40 + 1.61 0.074
LDL Cholesterol (mg/dL) 96.31 + 10.96 95.87 + 40.66 89.67 + 36.66 0.635

Abbreviations: CKD: chronic kidney disease group without dialysis; ESRD: end stage renal disease; BMI: body mass index; SBP: systolic blood
pressure; DBP: diastolic blood pressure; BUN: blood urea nitrogen; Cr: creatinine; eGFR: estimated glomerular filtration rate; Hb: hemoglobin;

HbA1C, glycated hemoglobin; LDL, low-density lipoprotein.
& By one-way ANOVA test and chi-square test (or Fisher's exact).

Outcome measures

Primary outcome measures

The following were the tongue features extracted by ATDS: (1)
shape: thin and small, moderate, fat and large; (2) color: slightly
white, slightly red, red, dark red, and dark purple; (3) saliva: the
total area and amount of saliva (none, little, normal, and
excessive); (4) fur: color (white, yellow, and dye), thickness
(none, thin, and thick), amount (average covering area,
maximum covering area, and minimum covering area); (5) teeth
mark: number, average covering area, maximum covering area,
and minimum covering area; (6) fissure: amount, average
covering area, shortest length, and longest length; (7) ecchy-
mosis: amount, average covering area, maximum coveringarea,
and minimum covering area; and (8) red dots: number, average
covering area, maximum covering area, and minimum covering
area. The amount of saliva was grouped into three categories: (1)
less (<0.05), (2) normal (>0.05 and <0.15) and (3) more (>0.15),
based on the ratio between the area where saliva was detected
to the total area of the tongue [17].

Data collection

Information including age, sex, chief complaint, serum blood
urea nitrogen, creatinine, eGFR by the MDRD Study equation
[18], hemoglobin, hematocrit, albumin, pre- and post-dialysis
body weight, and pre- and post-dialysis blood pressure were
recorded.

Sample size

We calculated the sample size with power = 0.9, alpha = 0.05,
and effect size convention r = 0.6, using G*Power v3.0.1.0
(http://www.gpower.hhu.de). 120 sample subjects, including
60 subjects undergoing dialysis and 60 subjects not undergo-
ing dialysis were required in this study. However, a total of 117
participants including 63 subjects in ESRD and 54(16 control
and 38 non-end-stage CKD) non-dialysis-requiring subjects
were enrolled in the study due to the limitations of clinical
research. Recalculated power was 0.8045.

Statistical analysis

The data were expressed as means + standard deviation (SD),
percentages, or numbers accordingly. The tongue features
among different groups were analyzed and compared using
independent t-test for continuous variables and chi-square
test (or Fisher's exact) for categorical variables. Furthermore,
one-way ANOVA was applied to compare differences between
different group means. Logistic regression was used to esti-
mate the odds ratio and the probability of a binary response
based on one or more independent variables. We also used a
receiver operating characteristic (ROC) curve and area under
the ROC curve to evaluate the sensitivity and specificity of the
various tongue features in these patients. p-values<0.05 were
considered statistically significant. All statistical analyses
were performed using SPSS v17.0 (SPSS Inc., Chicago, IL, USA).

Fig. 2 Representative tongue images of three groups. (A) Control group. (B) Non-dialysis chronic kidney disease group. (C) End

stage renal disease group.
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Table 2 Tongue characteristics of the study participants.

Control CKD ESRD p-value®
N =16 N =38 N =63

Tongue coating color (n) 0.260

White 11 (68.75%) 12 (31.58%) 32 (50.79%)

Yellow 5 (31.25%) 25 (65.79%) 26 (41.27%)

Others 0 (0%) 1(2.63%) 5 (7.94%)
Tongue color (n) 0.005

Pale 3 (18.75%) 16 (42.11%) 24 (38.10%)

Not Pale 13 (81.25%) 22 (57.89%) 39 (61.90%)
Amount of saliva (n) 0.516

Less 1 (6.25%) 1(2.63%) 3 (4.76%)

Normal 12 (75%) 35 (92.11%) 55 (87.30%)

More 3 (18.75%) 2 (5.26%) 5 (7.94%)
Mean + standard deviation
Area of saliva (cm?) 1.13 + 0.40 1.26 + 0.36 1.28 + 0.51 0.493
Number of coating 2.31+1.89 1.97 +1.91 1.75+1.31 0.427
Percentage of coating (%) 46.81 + 16.16 51.68 + 22.70 47.43 + 23.30 0.608
Area of coating (cm?) 3.92 + 3.65 6.00 + 4.70 4.95 + 4.50 0.261
Thick coating (%) 46.63 + 27.71 64.66 + 25.09 55.46 + 24.89 0.045
Tongue length and width ratio 1.03 £ 0.13 1.04 £ 0.17 1.01 £ 0.15 0.548
Number of tongue fissures 0.06 + 0.25 0.66 + 1.63 141 +2.72 0.055
Amount of ecchymosis 0.13 £ 0.34 1.66 + 2.27 6.05 + 11.56 0.010
Number of teeth marks 0.00 + 0.00 1.63 +2.38 1.65+2.16 0.016
Number of red dots 0.19 + 0.54 34.82 + 29.63 30.79 + 30.16 <0.001

Abbreviations: ANOVA: Analysis of Variance; CKD: chronic kidney disease group without dialysis; ESRD: end stage renal disease.

& By one-way ANOVA test and chi-square test (or Fisher's exact).

Results
Baseline characteristics

Overall, 117 participants (57 men, 60 women) were enrolled in
the study, which included 16 in control group, 38 in non-
dialysis CKD group, and 63 in ESRD group. The general de-
mographic characteristics of the participants in the three
groups are presented in Table 1. The mean age in the control,
non-dialysis CKD, and ESRD groups was 63.06 + 6.90,
63.79 + 11.60, and 62.38 + 9.46 years, respectively. There were
no significant differences between the three groups in terms
of the age, sex distribution, body mass index, diastolic blood
pressure, glycated hemoglobin, and low-density lipoprotein.

Analysis of tongue features

Differences in the tongue features between the three groups
are presented in Fig. 2 and Table 2. The tongue fur in the non-
dialysis CKD group (64.66 + 25.09%) and ESRD group
(55.46 + 24.89%) was significantly thicker than that in the
control group (46.63 + 27.71%, p = 0.045). The color of the
tongue was paler in the non-dialysis CKD group and ESRD
group than in the control group (42.11% vs. 38.10% vs. 18.75%,
respectively, p = 0.005). The amount of ecchymosis in the non-
dialysis CKD group (1.66 + 2.27) and ESRD group (6.05 + 11.56)
was significantly more than that in the control group
(0.13 + 0.34, p = 0.010). The ESRD group had the most ecchy-
mosis on the tongue. The ecchymosis in the ESRD group, non-
dialysis CKD group, and control group (1.13 + 2.50 vs.
0.32 + 0.84 vs. 0.00 + 0.00, respectively, p = 0.035) was mostly in

the left liver—gall area. The ESRD group had the most teeth
marks (1.65 + 2.16), while the non-dialysis CKD group had the
second most teeth marks (1.63 + 2.38). The number of teeth
marks in both the ESRD group and the non-dialysis CKD group
was significantly more than that in the control group
(0.00 + 0.00, p = 0.016). The non-dialysis CKD and ESRD groups
had the highest (34.82 + 29.63) and second highest

(30.79 + 30.16) number of red dots, respectively.

Ecchymosis and ESRD group

The results of the multiple binary logistic regression analysis
are presented in Table 3. After adjusting for the sex and age,
for increase in ecchymosis by one point, the risk of ESRD
dialysis rose by 1.523 times (95% confidence interval,
1.198—1.936; p = 0.001).

Diagnostic accuracy of tongue features

Among the tongue features, there was significant difference in
the amount of ecchymosis between the groups. The diag-
nostic accuracy was analyzed using an ROC curve and pre-
sented in Fig. 3. The area for the amount of ecchymosis was
0.757 £ 0.055 (95% confidence interval, 0.648—0.866; p < 0.001).

Characteristics of ESRD patients before and after
hemodialysis

According to Table 4, the results showed that the amount of
saliva in patients with ESRD decreased significantly
(p =0.038). The area of saliva (p = 0.048) and the number of red
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Table 3 Tongue features analysis in patients with chronic kidney disease.

B + SE Wald p-value® Exp (B) 95% Exp (B)
Constant 30.119 + 19.729 2.331 0.127
Sex —5.463 + 2.951 3.427 0.064 0.004 0.001-1.379
Age —0.250 + 0.131 3.665 0.056 0.779 0.603—1.006
SBP 0.002 + 0.036 0.004 0.952 1.002 0.934-1.076
BUN —0.219 + 0.103 4.541 0.033 0.803 0.657—-0.983
Cr 1.368 + 0.702 3.793 0.051 3.928 0.991-15.563
eGFR —0.534 + 0.303 3.116 0.078 0.586 0.324-1.061
Hb 0.384 + 0.609 0.397 0.528 1.468 0.445—4.838
Albumin —0.734 + 2.194 0.112 0.738 0.480 0.007—35.365
Thick coating —0.044 + 0.039 1.311 0.252 0.957 0.887—-1.032
Ecchymosis 0.834 + 0.408 4.182 0.041 2.302 1.035—-5.119
Tooth marks —0.271 £ 0.332 0.664 0.415 0.763 0.398—1.463
Red dots —0.033 + 0.041 0.656 0.418 0.968 0.894—1.048
Tongue color —0.436 + 1.764 0.061 0.805 0.647 0.020—20.498

@ By logistic regression analysis.

dots (p = 0.040) also decreased significantly after hemodialy-
sis. Other results showed that the percentage of coating
(p = 0.002) and area of coating (p = 0.026) increased signifi-
cantly after hemodialysis.

Discussion

According to our results, patients with CKD have thicker
tongue fur, paler tongue, more ecchymosis, teeth marks, and
red dots than those in the control group. In the TCM theory,
thick tongue fur represents phlegm-dampness, pale tongue
corresponds to blood deficiency, ecchymosis mirrors blood
stasis, teeth marks represent qi deficiency, and red dot cor-
relates to heat [10,11]. Therefore, “blood deficiency and stasis

0.8

067

Sensitivity

0.49

0.29

0.0 T T T T
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Fig. 3 Area on ROC curve for ecchymosis of tongue in chronic

kidney disease. Area: 0.757 + 0.055; p < 0.001; 95% confidence
interval = 0.648—0.866.

with gi deficiency or blood heat syndrome (Zheng pattern)”
may be common in patients with CKD. The hemoglobin levels
in our results also demonstrated that patients in the non-
dialysis CKD group and ESRD group had significantly lower
Hb than those in the control group. This finding is consistent
with the TCM theory, which states that a pale tongue repre-
sents blood deficiency [10,11]. Zhao et al. [19] launched a
nationwide expert questionnaire and demonstrated that “qi
deficiency of the spleen and kidney,” “yang deficiency of the
spleen and kidney,” “blood stasis,” and “water dampness”
syndromes are common in patients with CKD. Our findings
using scientific instruments agree with Zhao's results.
Increased ecchymosis and increased pallor of the tongue
among CKD patients could indicate anemia and ischemic
vascular diseases.

The ROC curve is an effective assessment of sensitivity and
specificity of using the tongue's features to evaluate CKD. An
area value larger than 0.5 indicates diagnostic accuracy. In our
study, the amount of ecchymosis corresponded to an area
larger more than 0.5. Hence, ecchymosis of the tongue may be
diagnostic and may provide some insight on CKD status.

Hemodialysis could significantly decrease the amount of
saliva, the coverage area of saliva and the number of red dots
on tongues of CKD patients undergoing dialysis. On the other
hand, it significantly increases the percentage of coating and
area of coating among patients with ESRD. The decline in
saliva may be related to fluid removal (2.04 + 0.84 L/time) after
hemodialysis. The tongue coating represents the physiolog-
ical and pathological status of the stomach “Qi” based on
traditional Chinese medicine theories. The percentage of
coating and area of coating increased significantly after he-
modialysis may represent the better status of the stomach
“Qi” and the essence “Qi” of food or nutrition. Hemodialysis
can affect the saliva, tongue coating and relieve heat syn-
drome among ESRD patients.

The tongue is a muscle which can reflect the physiological
and pathological changes of health and disease. Tongue
diagnosis is one of the non-invasive diagnostic methods that
allow TCM practitioners to differentiate between TCM syn-
dromes in Chinese communities. It is commonly recognized
that the tongue is connected with the internal organ by
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Before (n = 50) After (n = 50) p-value®

SBP (mmHg) 146.02 + 24.21 144.90 + 27.99 0.831
DBP (mmHg) 71.00 + 11.57 71.58 + 12.96 0.814
Body weight (kg) 61.92 + 10.55 59.61 + 10.20 0.268
BUN (mg/dL) 69.62 + 19.56 64.86 + 17.72 0.205
Cr (mg/dL) 10.43 + 2.36 10.12 £ 2.21 0.508
eGFR (mL/min/1.73 m?) 4.83 +1.29 4.99 + 1.25 0.471
Hb (g/dL) 10.48 + 1.13 10.48 + 1.03 0.993
Albumin (g/dL) 4.01 +0.27 4.04 +0.24 0.604
Tongue coating color (n) 0.492

White 25 (50%) 23 (46%)

Yellow 17 (34%) 22 (44%)

Others 8 (16%) 5 (10%)
Tongue color (n) 0.673

Pale 16 (32%) 18 (36%)

Not Pale 34 (68%) 32 (64%)
Amount of saliva (n) 0.038

Less 3 (6%) 10 (20%)

Normal 42 (84%) 39 (78%)

More 5 (10%) 1(2%)
Mean + standard deviation
Area of saliva (cm?) 1.29 + 0.49 1.10 £ 0.43 0.048
Number of coating 1.82 +1.42 1.64 +1.26 0.505
Percentage of coating (%) 43.14 + 22.21 57.54 + 23.32 0.002
Area of coating (cm?) 4.32 +4.38 6.36 + 4.63 0.026
Thick coating (%) 53.16 + 25.43 57.94 + 23.25 0.329
Tongue length and width ratio 1.00 + 0.15 1.03 + 0.13 0.295
Number of tongue fissures 2.02 +3.63 2.18 +5.03 0.856
Amount of ecchymosis 5.48 + 13.35 4.14 + 6.36 0.523
Number of teeth marks 1.56 + 2.06 1.68 +2.21 0.779
Number of red dots 25.32 + 32.08 23.06 + 26.51 0.040

Abbreviations: SBP: systolic blood pressure; DBP: diastolic blood pressure; BUN: blood urea nitrogen; Cr: creatinine; eGFR: estimated glomerular

filtration rate; Hb: hemoglobin.
& By paired t test and chi-square test (or Fisher's exact).

meridians. Therefore, tongue features can reflect the body's
yin, yang, qi, and blood and body fluid statuses. Based on the
TCM theory, the tongue is subdivided into five areas that
correspond to different internal organs [10,11,20—22].

The normal tongue should have a light red body with a thin
white coating. The abnormal changes in the color, shape, fis-
sures, red dots, ecchymosis, and moisture in the tongue
coating and body color can reflect diseases of internal organs.
For example, a tongue with teeth marks on the sides can be a
sign of qi deficiency. A tongue with dark purple color and
ecchymosis is often caused by blood stasis. A tongue with pale
color can be a sign of blood deficiency [10,11,20—22]. In the
past, traditional tongue diagnosis depended on the subjective
and qualitative observation by a TCM physician. Tongue in-
spection and diagnosis with a computerized automatic tongue
diagnosis system can provide objective and quantitative ob-
servations. TCM physicians can capture the quantitative fea-
tures to improve the reliability and consistency of tongue
diagnosis [19,23—26].

Syndrome differentiation is an important concept in
TCM practice and it includes a comprehensive analysis of a
patient's clinical information from four diagnostic proce-
dures—inspection, auscultation, questioning, and pulse
analysis. Syndrome differentiation guides the treatment
[27]. For example, patients with qi deficiency may have fa-
tigue, weakness, and decreased appetite; those with blood

deficiency may have anemia, dizziness, and insomnia;
those with blood stasis may have stabbing pain; and those
with blood heat may have thirst, pruritus, and irritability
[11]. Patients with CKD often present with fatigue,
decreased appetite, pruritus, anemia, and sleep distur-
bances [4,5]. These symptoms are consistent with “blood
deficiency and stasis with qi deficiency or blood heat syn-
drome (Zheng pattern).”

To the best of our knowledge, there is only one English
article that reported the relationship between patients with
CKD and tongue manifestations. Pieralisi et al. [28] demon-
strated high tongue coating frequency in these patients,
which was frequently colonized by yeasts. Our results also
demonstrated that patients with CKD had thicker tongue fur
than those in the control group.

TCM physicians perform tongue diagnosis by observing a
patient's tongue directly. This practice relies on the physi-
cian's subjective and qualitative inspection, which would be
biased by environmental lighting, color perception, and sub-
jective judgment. ATDS was developed to obtain tongue pic-
tures and automatically analyze the tongue features, thus,
producing objective and quantitative results [19-21]. Nowa-
days, many researchers employ artificial intelligence (AlI) for
medical purposes, such as image interpretation and disease
detection. An unified Al model to segment the tongue images
from both stand-alone ATDS and mobile phone may be
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developed in the future. The Al approach may reach higher
accuracy in tongue segmentation than its traditional coun-
terpart [29]. We believe that our results will help Al-driven
tongue diagnosis to benefit clinical physicians in establish-
ing such observational diagnoses.

There were several limitations to our study. First, the
sublingual region was not analyzed due to instrumental lim-
itations. Second, some participants might have underlying
systemic diseases, such as hypertension and diabetes melli-
tus, which might have affected the tongue presentation.
Third, this study was a single-center, cross-sectional study.
Larger, multi-center, prospective studies are warranted to
confirm our results. Fourth, tongue inspection is easily biased
by food or a patient's habits. For example, the tongue becomes
redder after eating spicy food. The tongue coating would be
stained by the food's color. Similarly, the thickness of tongue
fur can diminish because of the habit of tongue brushing.
Fifth, tongue inspection in this study could evaluate the dif-
ferences in blood and qi deficiencies between patients with
CKD and the controls. However, the results of this study had
difficulty in evaluating the differences in the yin and yang
deficiencies between these groups. Sixth, most of the control
group had less teeth marks; however, the absence of teeth
marks could be due to selection bias.

Conclusions

Blood deficiency and stasis with qi deficiency or blood heat
syndrome (Zheng pattern) is common in patients with CKD.
Increased ecchymosis on the tongue may correspond to
increasing risk of CKD. Hemodialysis can affect saliva, tongue
coating and relieve heat syndrome among ESRD patients. TCM
tongue inspection can be expected to serve as preliminary
clinical indices in patients with CKD. Further evidence clinical
trials are required to confirm these findings.
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