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ABSTRACT

Background: Yellow tongue coating is one of the clinical signs for diabetes mellitus according to traditional East Asian
medicine. Few reports have been available on the association between yellow tongue coating and the prevalence of type 2
diabetes in the general population. We examined that association among population samples of non-smoking men and women.

Methods: The study subjects were Japanese non-smoking men (z = 315) and women (n = 654) aged 3079 years who resided in
Toon city and participated in the Toon Health Study from July 2011 through November 2014. Tongue coating was assessed by a
nationally licensed acupuncturist and classified into three categories of white (normal), light yellow, and yellow. We performed
an oral glucose tolerance test to confirm the presence of diabetes mellitus and prediabetes. The associations between yellow
tongue coating and the prevalence of diabetes mellitus and prediabetes were examined using multivariable logistic regression
analyses, adjusting for age, sex, body mass index, drinking status, and physical activity.

Results: The multivariable odds ratios of diabetes mellitus were 1.39 (95% confidence interval [CI], 0.72-2.67) for light yellow
tongue coating and 2.23 (95% CI, 1.16-4.30) for yellow tongue coating compared with white tongue coating. The respective
multivariable odds ratios of prediabetes were 1.13 (95% CI, 0.80-1.61) and 1.43 (95% CI, 0.96-2.12).

Conclusions: Yellow tongue coating was associated with higher prevalence of diabetes mellitus and tended to be associated
with that of prediabetes among Japanese non-smoking men and women.
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INTRODUCTION

Type 2 diabetes mellitus is one of the major lifestyle-related
diseases around the world. According to the International
Diabetes Federation estimates, 366 million people worldwide
suffered from type 2 diabetes in 2011, and it is expected to affect
a staggering 552 million people by the year 2030.!

Recently, complementary and alternative medicine, including
traditional East Asian medicine, has been widely used for the
treatment of type 2 diabetes mellitus and its complications around
the world.2® However, the evidence for traditional East Asian
medicine for the diagnosis, prevention, and treatment of type 2
diabetes is limited. Therefore, epidemiological studies are needed
to assess the usefulness of traditional East Asian medicine for
them.

Yellow discoloration of tongue coating is one of the classical
clinical signs used for the assessment of diabetes mellitus in

traditional East Asian medicine.!® Several clinical reports
suggested that a yellow tongue coating is one of the concomitant
symptoms of diabetes.!""'> The discoloration of tongue coating is
associated with smoking, poor oral hygiene, coffee consumption,
Candida albicans infection, periodontal disease, and the effect of
medications, such as antibacterial and psychotropic agents.'>"!7
These factors are also associated with type 2 diabetes. Addition-
ally, previous studies showed that tongue lesions were more
prevalent among patient with type 2 diabetes than healthy
controls,'®!® and hyperglycemia was a risk factor for the
occurrence of tongue lesions.2® However, the evidence on the
association between yellow tongue coating and type 2 diabetes
has come from case-series studies in clinical settings''"'%; no
population-based observational study has been conducted for
apparently healthy persons. Since smoking causes the discolor-
ation of teeth, restorations, and dentures,???> and is also
associated with the formation of tongue coating,>® we restricted
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study subjects to non-smokers. Our a priori hypothesis is that
individuals with yellow tongue coating have the higher
prevalence of diabetes mellitus. Thus, we examined the
association between yellow tongue coating and the prevalence
of type 2 diabetes in the general population.

METHODS
Study population

The present study was a cross-sectional study, conducted as
part of the Toon Health Study, a prospective cohort study in
Toon City, Ehime Prefecture, Japan. The Toon Health Study
commenced in 2009 and aimed to characterize risk factors
for cardiovascular disease for its prevention in a community
setting.?*?> In the Toon Health Study, we recruited participants
from approximately 22,000 residents in Toon city who were
30-79 years old using newspaper advertisements, posters, and
invitations. In all, 2,032 men and women participated in the
baseline survey, conducted from 2009 through 2012. The
examination of yellow tongue coating was conducted for the
participants in 2011, 2012, and 2014. A total of 1,302 participants
(465 men and 837 women) aged 30-79 years were enrolled in the
study. We excluded current smokers (n =121), and those not
taking the oral glucose tolerance test (OGTT) due to the treatment
for diabetes mellitus or having a prior history of total gastrectomy
(n = 64). Participants who did not undergo the tongue inspection
(n=4) and those who removed their own tongue coating
habitually (n =139) or displayed a discolored tongue coating
due to eating and drinking coffee or tea before their health
examination (n =5) were also excluded. In total, 315 men and
654 women were eligible for the analyses. The Institutional
Review Board of Ehime University Graduate School of Medicine
and Ethics Committee of the Juntendo University approved the
study protocol, and informed consent was obtained from each
study participant.

Assessment of yellow tongue coating

All participants were asked whether they usually brushed off their
tongue coating (yes/no) and whether they drank coffee or tea
before their health examination (yes/no). Participants were then
instructed to poke their tongue out as much as possible so the
dorsum of the tongue could be photographed by a digital single-
lens reflex camera (D50; Nikon Corp., Tokyo, Japan) with an
electronic ring flash (Mark-2; IHS Co., Ltd., Niigata City, Japan).
All photo images were taken under the light of fluorescent lamps
in the same room and imaging environment. Each photo image
included color charts (CasMatch; BEAR Medic Corp., Tokyo,
Japan) in the image field and was adjusted for color by Photoshop
CS2 (Adobe Systems, San Jose, CA, USA). A nationally licensed
acupuncturist photographed and adjusted each tongue image and
used these images to view the density of yellowness of tongue
coating. Tongue coating was classified into three categories:
white (normal), light yellow, and yellow tongue coating
(eAppendix 1). The assessment of yellow tongue coating was
conducted with blinding to the laboratory findings.

Furthermore, the yellowness of tongue coatings was quantified
using the Commission Internationale de I'Eclairage L*a*b*
(CIELAB) and L*C*h° (CIELCH) color models. Recently, these
indices are used for color segmentation in tongue diagnosis from
digital images.?** In the CIELAB color model, L* represents
lightness (0: black to 100: white) and a* (+a*: redness to —a*:
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greenness) and b* (+b*: yellowness to —b*: blueness) represent
color-opponent dimensions.?®*° Additionally, CIELAB provided
the basis for determining hue-angle values, which were calculated
with reference to the g-axis.?” The hue-angle value is used as
an index of the CIELCH color model, in which L* represents
lightness (0: black to 100: white), C* represents chroma (0:
completely unsaturated to 100: very high chroma) and A°
represents hue in degrees (or angles), ranging from 0° (red)
through 90° (yellow), 180° (green), 270° (blue), and back to 0°.
This study adopted CIE »* and hue-angle values to quantify the
yellowness of tongue coatings. Based on the RGB color model,
the CIELAB was determined by taking measurements from all
images of mean red, green, and blue values of 100 pixels in a
square situated from the center to the back of the tongue dorsum,
where tongue coating is most likely to be distributed.'* The
formula for calculating CIELAB and hue-angle values from the
RGB color model is shown in eAppendix 2.

Measurement of oral glucose tolerance test and
glycosylated hemoglobin A;c

Serum glucose levels during fasting and after the OGTT, as well
as glycosylated hemoglobin Ajc (HbAc), were measured. All
participants were required to fast for at least 10 hours before the
OGTT. The reference starch solution (Toleran-G75; Ajinomoto
Pharma Co., Ltd., Tokyo, Japan), containing 75 g of glucose, was
orally administered in a fasting state. Venous blood samples were
obtained at baseline, 1 hour, and 2 hours after the ingestion of
75 g glucose. In this study, the participants were classified using
the recommendation of the American Diabetes Association in
2003.3! Diabetes mellitus was defined as either a fasting serum
glucose level of >7.0 mmol/L or a 2-hour post-load glucose level
of >11.1 mmol/L. Prediabetes was defined as a fasting serum
glucose level of 5.6 mmol/L to 6.9 mmol/L, or 2-hour post-load
glucose level of 7.8 to 11.0mmol/L. HbAc was measured using
the latex immuno-agglutination method (Determiner hemoglobin
Alc; Kyowa Medex Co., Ltd., Tokyo, Japan), and presented as
the National Glycohemoglobin Standardization Program value.

Assessment of covariates

Height and weight were measured in stocking feet with light
clothing. Body mass index (BMI) was calculated as weight
(kg) divided by the square of height (m?). Trained dietitians
interviewed the participants to assess drinking status (never,
former or current drinker), smoking status (never, former or
current smoker) and physical activity. As a measure of physical
activity, the Metabolic Equivalents of Task metric was assessed
using the Japan Arteriosclerosis Longitudinal Study Physical
Activity Questionnaire.>> Research physicians also asked
participants whether they were using antidiabetic medication.

Statistical analysis

Fasting and 1- and 2-hour post-load glucose levels were skewed;
therefore, the variables were transformed using natural logarithms.
Following statistical analysis, logarithmic values were trans-
formed back to their original unit. Age- and sex-adjusted mean
values for BMI, physical activity, fasting, 1- and 2-hour post-load
glucose, and HbAc levels, as well as the proportions of current
drinkers and subjects with diabetes mellitus and prediabetes, were
calculated using the analysis of covariance among yellow tongue
coating categories and compared using post-hoc Dunnett’s test,
with white tongue coating as the reference group. Multivariable
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logistic regression analyses were used to calculate the odds ratios
(ORs) and 95% confidence intervals (Cls) for diabetes mellitus
and prediabetes according to yellow tongue coating categories.
Confounding factors included in the multivariable model were
sex, age (years), BMI (kg/mz), drinking status (never, former,
or current drinker), and physical activity (MET-hrs/day). The
interactions of yellow tongue coating with sex in relation to
diabetes mellitus and prediabetes were tested using cross-product
terms of these variables in a logistic regression model. The
sensitivity analysis for the association of yellow tongue coating
with the prevalence of diabetes mellitus and prediabetes was
performed using HbAc levels according to the previous study,
which showed optimal HbAc cutoff of >6.0% as diabetes
mellitus (sensitivity 83.7%, specificity 87.6%) and 5.7% to 6.0%
as prediabetes (sensitivity 60.6%, specificity 72.1%) for the
Japanese population.’® All statistical analyses were performed
using SAS version 9.4 software (SAS Institute Inc., Cary, NC,
USA). All P-values were two-tailed, and values <0.05 were
considered statistically significant.

RESULTS

Table 1 shows the characteristics of participants according to
tongue coating categories. The proportion of subjects was 48.3%
for white, 31.0% for light yellow, and 20.7% for yellow tongue
coating. Compared to the white tongue coating, participants with
the yellow tongue coating were older and more likely to be men.
Mean CIE b* and hue-angle values were significantly higher
in the light yellow and yellow than the white tongue coating.
Age- and sex-adjusted proportions of diabetes mellitus for white,
light yellow, and yellow tongue coating were 5.8%, 6.9% and
10.6%, and those of prediabetes were 29.3%, 31.6%, and 34.9%,
respectively.

Table 2 shows multivariable ORs and 95% ClIs of diabetes
mellitus and prediabetes according to tongue coating categories.
The multivariable ORs of diabetes mellitus were 1.39 (95% CI,
0.72-2.67) for light yellow tongue coating and 2.23 (95% CI,
1.16-4.30) for yellow tongue coating compared with white
tongue coating. The multivariable ORs of prediabetes were 1.13
(95% CI, 0.80-1.61) for light yellow tongue coating and 1.43

Table 1. Characteristics of participants according to tongue

coating categories

White Light yellow Yellow

(n=d468) (1=300)  (=201) @ VAle
Mean (SD) age, years 56.3 (13.6) 58.4 (12.3) 63.0 (11.0)* <0.01
Men, % 25.2 32.7 49.3 <0.01
Body mass index, kg/m? 23.0 23.1 233 0.59
Current drinker, % 58.5 59.5 54.1 0.41
Physical activity, METs h/day 354 353 353 0.81
Fasting serum glucose, mmol/dL 5.17 5.19 5.18 0.87
1-h serum glucose, mmol/dL 8.12 8.20 8.27 0.75
2-h serum glucose, mmol/L 6.75 6.89 7.03 0.23
HbAc, % 5.46 5.50 5.52 0.18
Diabetes mellitus or prediabetes, % 35.1 38.5 45.5% 0.03
Diabetes mellitus, % 5.8 6.9 10.6 0.09
Prediabetes, % 29.3 31.6 34.9 0.34
Mean CIE b* 9.2 11.1* 15.0* <0.01
Mean CIE h° 243 32.8* 46.0 <0.01

CIE, Commission Internationale de I’Eclairage; HbAc, glycosylated
hemoglobin Ajc; MET, metabolic equivalent; SD, standard deviation.
Values are adjusted for age and sex by the analysis of covariance. Age, CIE
b*, CIE h° and sex values are shown as crude means and proportions.

*P < 0.05 as compared with white tongue coating (Dunnett’s test).

Table 2. Multivariable odds ratios (ORs) and 95% confidence
intervals (Cls) for diabetes mellitus and prediabetes

according to tongue coating categories

Number of Number of Model 1 Model 2
subjects cases OR (95% CI) P value OR (95% CI) P value

NGT vs diabetes mellitus

White 348 23 1.00 1.00

Light yellow 209 20 1.37 (0.72-2.62)  0.34 1.39 (0.72-2.67)  0.33

Yellow 123 24 2.24 (1.17-429)  0.02  2.23 (1.16-4.30)  0.02
NGT vs prediabetes

White 445 120 1.00 1.00

Light yellow 280 91 1.15 (0.82-1.63)  0.42 1.13 (0.80-1.61)  0.48

Yellow 177 78 1.48 (1.00-2.18)  0.05 1.43 (0.96-2.12)  0.08

NGT, normal glucose tolerance.

Model 1: adjusted for age and sex.

Model 2: adjusted further for body mass index, drinking status, and physical
activity.

(95% CI, 0.96-2.12) for yellow tongue coating. We further tested
the effect modification by sex, because sex differences were
observed among tongue coating categories. However, the
interactions of sex on these associations did not reach statistical
significance (P for interaction = 0.59).

In addition, we conducted a sensitivity analysis to examine the
association of the yellow tongue coating with diabetes mellitus
and prediabetes as defined by HbA;c. The multivariable ORs for
diabetes mellitus were 1.32 (95% CI, 0.69-2.50) for light yellow
tongue coating, and 2.13 (95% CI, 1.13-3.99) for yellow tongue
coating compared with white tongue coating. The multivariable
ORs for prediabetes were 1.55 (95% CI, 1.03-2.34) for light
yellow tongue coating and 0.98 (95% CI, 0.59-1.61) for yellow
tongue coating.

DISCUSSION

The present cross-sectional study showed that yellow tongue
coating was associated with higher prevalence of diabetes
mellitus and tended to be associated with that of prediabetes
among Japanese non-smoking men and women, even after
adjustments for potential confounding factors. To our knowledge,
this is the first study to show these associations among the general
population. Half of the subjects showed light yellow or yellow
tongue coatings in the present study. The proportion of these
tongue coatings was similar to that reported in a previous study.'*

Several clinical case reports showed a positive association
between yellow tongue coating and diabetes mellitus.!"'> Fifty-
three percent of diabetic nephropathy patients in a traditional
Chinese medicine hospital displayed thin-greasy-yellow tongue
coating.!! According to a case report of a diabetic patient with
pyogenic liver abscess treated using integrative medicine, yellow
tongue coating changed to white coating when blood glucose
levels were improved and stabilized.'> Our study provides robust
epidemiological evidence on the association between yellow
tongue coating and diabetes mellitus.

The age- and sex-adjusted proportion of diabetes mellitus
among individuals with yellow tongue coating was only 10.6%,
although we showed a significant association between yellow
tongue coating and higher prevalence of diabetes mellitus. The
other individuals with yellow tongue coating did not have
diabetes mellitus, probably because their tongue coatings were
caused by other factors independent of diabetes mellitus, such
as poor oral hygiene, coffee consumption, periodontal disease,
oral candidiasis, and antibiotic medications.'3-!7
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We validated the assessment of yellow tongue coating using
CIE b* and hue-angle values. The subjective assessment of
tongue manifestations is common in clinical practice and research
in traditional East Asian medicine, but several studies reported
that CIE b* and hue-angle values were significantly higher in
groups with than without yellow tongue coatings,?’~2° as shown
in the present study.

Yellow tongue coating was also associated with higher
prevalence of diabetes mellitus diagnosed using the optimal
HbA ¢ cutoffs for Japanese population.>> However, no significant
association was observed between yellow tongue coating and
the prevalence of prediabetes based on HbAc levels, probably
because HbAc levels are inadequate to identify prediabetes in
Japanese population: the HbAc cutoff of 5.7% for prediabetes
has a high false-negative rate (39.4%).3

Although the mechanisms underlying the association between
yellow tongue coating and diabetes mellitus remain unclear,
previous studies postulated the following mechanisms. First,
according to a next-generation sequencing study that examined
differences in bacterial features between white and yellow tongue
coatings, periodontal disease-related bacteria were more fre-
quently identified in yellow (20 operational taxonomic units)
than white tongue coatings (3 operational taxonomic units).'®
Periodontal disease is known as a complication of diabetes
mellitus via an inflammatory response due to hyperglycemia,’*3>
while systemic inflammation due to periodontal disease may
adversely affect glycemic control.>* Previous cohort studies
showed that periodontal disease was associated with risk of
diabetes mellitus.>*3° Additionally, a meta-analysis showed a
significant reduction in HbA;c of 0.4% as a result of the
periodontal treatment.*? Therefore, yellow tongue coating may be
a clinical sign of periodontal disease related to an increased risk
for diabetes mellitus. Second, yellow tongue coating is one of the
manifestations of oral candidiasis.'> Oral candidiasis is known
as a systemic complication of diabetes mellitus because high
salivary glucose levels in patients with hyperglycemia enhance
Candida colonization.***> A cross-sectional study also reported
that oral candidiasis was more prevalent, even among patient
with prediabetes, than healthy controls.* Therefore, yellow
tongue coating may be a clinical sign of oral candidiasis as a
complication of not only diabetes mellitus but also the early stage
of hyperglycemia.

One strength of the present study was the large sample size,
which was enough to detect the association of yellow tongue
coating with diabetes mellitus and prediabetes. Another strength
is that we performed the OGTT to more precisely quantify
diabetes mellitus and prediabetes, and we found that a yellow
tongue coating was associated with diabetes mellitus and
prediabetes after adjusting for potential confounding factors.
Additionally, we quantified objectively the yellowness of tongue
coating using CIE 5" and hue-angle values, which resolved
significant linear associations.

Several limitations of the present study require discussion.
First, this study had a cross-sectional design, so we could not
demonstrate causality between yellow tongue coating and
diabetes. Second, there might be other potential confounding
factors affecting the observed associations. For example, certain
medications, such as some antibacterial and psychotropic agents,
cause tongue-coating discoloration.!” We did not assess use of
such medications in the present study, though we excluded
participants who were current smokers, had a habit of tongue
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brushing, or showed tongue coating discoloration due to tea or
coffee and adjusted for other potential confounding factors.
Third, the study participants were recruited voluntarily in the
community, and current smokers were excluded. Smoking is a
strong predictor for type 2 diabetes, and one in five people with
type 2 diabetes was a current smoker.*+6

In conclusion, yellow tongue coating was associated with the
higher prevalence of diabetes mellitus and also tended to be
associated with that of prediabetes among Japanese non-smoking
men and women. Yellow tongue coating, one of the clinical
sings in traditional East Asian medicine, may be useful for the
assessment and possibly for the prediction of diabetes mellitus.
Prospective cohort studies will be necessary to examine whether
yellow tongue coating is a predictor for diabetes mellitus.
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a) White tongue coating

b) Light yellow tongue coating

c) Yellow tongue coating

eAppendix 1. Examples of tongue coating categories




eAppendix 2. Calculation of CIELAB and hue angle
This study determined the CIELAB by measuring the mean RGB value of 100 pixels in a
square situated from the center to the back of the tongue dorsum in all images. Each RGB

value was converted (1) to CIELAB by first converting RGB to CIEXYZ using

X 0.4124 0.3576 0.1805] [R
Y| = 10.2126 0.7152 0.0722| (G
Z 0.0193 0.1192 0.95051 LB

followed by converting CIEXYZ to CIELAB via

I =116f (X)-16,

Yo

v =00 |7 ()~ £ ()] ®

b =200 | ()= 7 ()]

x1/3 (x > 0.008856),

where f (x) = {7.787% + 11—; (x <0.008856).

In (1), X,, Yy, and Z, were the CIEXYZ tristimulus values of the reference white

point. The hue angle was calculated using

*

h° = tan™?! (Z—)

and the unit was transformed from radians to degrees.
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