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Diagnostic value of tongue
manifestations for primary
Sjogren’s syndrome: construction
and validation of disease
screening model

Jia-qi Chen?, Yan Zhang'?, Jia-he Liao'?, Jian-ying Yang'?,
Bo-han Jiang?, Zi-wei Huang'?, Tzu-hua Wu??, Li-ning Zhang'?,
Zi-han Wang*?, Chun-xin Lei*?, Xi-ya Zhang'?, Jing Luo?** and
Qing-wen Tao?3*

!Graduate School, Beijing University of Chinese Medicine, Beijing, China, ?Traditional Chinese
Medicine Department of Rheumatism, China-Japan Friendship Hospital, Beijing, China, *Beijing Key
Laboratory of Immune Inflammatory Disease, Beijing, China

Objective: Tongue manifestations (tongue fur and tongue body) of
traditional Chinese medicine is specific for primary Sjogren’s syndrome (pSS).
We investigated the value of tongue manifestations in the diagnosis of pSS and
established a model for screening or diagnosing pSS.

Methods: A total of 400 individuals attended at the China-Japan Friendship
Hospital were included in this study. 200 patients with pSS and 200 healthy
individuals were randomly divided into training and test sets (7:3 ratio). The
training set was used to build models based on combined tongue, tongue fur,
and tongue body, respectively, and the optimal model was selected through
model discrimination and calibration. The optimal model is internally validated
using the bootstrap method and further performed on the test set to assess
transportability and generalisability. Receiver operating characteristic curve,
calibration curve, Brier score, and decision curve analysis (DCA) were used to
evaluate the performance of the model.

Results: In the training set, we identified an optimal model which included sex,
age, bluish-purple tongue, thin tongue, fissured tongue, thin fur, and peeling
fur, after evaluating and comparing three models. The model demonstrated an
area under the curve (AUC) of 0.89, and the lowest Brier score of 0.13, with
well-fitted calibration curves. The optimal cut-off value for the model is 0.347,
with sensitivity and specificity of 87.86 and 76.43%, respectively. The model
also shows well discrimination in internal validation. In the test set, this model
demonstrated an AUC of 0.93 and with a Brier score of 0.11, and sensitivity and
specificity of 93.33 and 71.67%, respectively. A nomogram for pSS screening was
developed based on the model.

Conclusion: The non-invasive, reliable and convenient model, established
based on age and sex of the patient and specific tongue manifestations can
serve as a clinical reference tool for screening or diagnosing of pSS.
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1 Introduction

Primary Sjogrens syndrome (pSS) is a systemic autoimmune
disease, characterized by lymphocyte infiltration, that primarily affects
the salivary and lacrimal glands (1). pSS also presents diverse
extraglandular manifestations, contributing to the variability in
disease classification (2). Since the first diagnostic classification
criteria for Sjogren’s syndrome (SS) were established in 1965, there
have been 13 different sets of criteria proposed (3-15). Among these,
the American-European Consensus Group Classification criteria
(AECG) are widely used and include two subjective symptoms among
the six assessment items (12). The 2012 American College of
Rheumatology (ACR) SS classification removed the influence of
subjective symptoms and improves the specificity of diagnosis (13).
2016 American College of Rheumatology/European League against
Rheumatism Classification Criteria (ACR-EULAR) placed more
emphasis on extraglandular manifestations compared to previous
classifications (15). Despite these updates, minor salivary gland biopsy
(MSGB) and serum autoantibody testing remain critical for pSS
diagnosis across these criteria. For fear of biopsy or lack of antibody
detection and pathological diagnostic conditions, some potential pSS
patients cannot be diagnosed (16).

In pSS patients, tongue manifestations are commonly observed
and specific to the disease (17-21). Changes in the structure and color
of the tongue can be important indicators for the diagnosis of SS (20).
Reduced salivary gland function leads to significant decreases in oral
saliva production and changes in saliva composition, resulting in
symptoms such as dry mouth, atrophy of tongue papillae, dry lips, and
absence of saliva accumulation under the tongue (22). In traditional
Chinese medicine (TCM), the tongue is an important diagnostic tool,
which can reflect the body’s physiological and clinicopathological
condition (23). Due to its simplicity and accessibility, tongue diagnosis
is widely used in TCM (24, 25). pSS patients often exhibit distinctive
tongue features, predominantly fissured and dark purple tongues (17).
These specific manifestations of tongue provide a non-invasive,
simple, and effective potential screening or diagnostic tool for
the disease.

Currently, research on the use of tongue diagnosis for pSS
screening is limited. A small-scale study has indicated that diagnostic
sensitivities and specificities of over 70% can be achieved using
machine learning methods for non-contact tongue diagnosis in SS
(18). However, this study included only 60 patients and excluded
male participants. Considering the promising potential and clinical
need for tongue manifestations in the screening and diagnosis of pSS,
this study compared the effectiveness of several models based on
tongue manifestations, selected and validated the optimal model, and
evaluated its clinical applicability, so as to provide clinicians with a
reliable and convenient screening or diagnosis method for
pSS patients.

2 Materials and methods

2.1 Study design

This study was approved by the Clinical Research Ethics
Committee of the China-Japan Friendship Hospital as part of a cross-
sectional study (2021-144-K102).
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2.2 Sample size calculation

A total of 17 candidate variables were included in this study.
Assuming that 10-14 candidate variables are related to the diagnosis
of pSS, and based on the rule of 10 events per variable in clinical
prediction model (26), the sample size of patients with a diagnosis of
pSS in this study was 100-140 cases. The ratio of pSS patients to
healthy individuals was 1:1, requiring 200-280 participants in total.
The actual number of participants included was 400, with 200 cases in
each group. The subjects were split according to a 7:3 ratio, with 280
cases in the training set and 120 cases in the test set. See Figure 1 for
the construction of the model.

2.3 Patients

Patients with pSS attending the TCM Department of Rheumatism
and healthy individuals attending the physical examination center at the
China-Japan Friendship Hospital (a tertiary care hospital) from
December 2021 to December 2023 were included in this study. The
inclusion criteria for this study were as follows: (1) pSS patients meet the
2016 ACR-EULAR dlassification criteria (15) for pSS; (2) age 18-75 years
and (3) consent to taking tongue images. The exclusion criteria of this
study were as follows: (1) comorbidity with other connective tissue
diseases such as rheumatoid arthritis and systemic lupus erythematosus;
(2) comorbidity with tumors, infection, serious cardiovascular or
cerebrovascular diseases, and metabolic diseases; (3) long-term use of
antibiotics or hormones, (4) oral diseases such as gum diseases.

2.4 Data collection

Age, sex at birth, and tongue images were collected from participants
in both groups. When the tongue images of the participants were being
taken, the participants were required to sit in an upright position with
their mouths as wide open as possible and their tongues naturally
extended. The researcher used the DS01-B Tongue Information
Acquisition System to take images of the tongue. On the day the tongue
images were taken, the researcher confirmed with the participant that
he/she had not consumed any food or medication that could change the
color of the tongue body or tongue fur, and that he/she had not eaten or
drunk any food or water 1 h before the image was taken. At the same
time, participants were instructed to disclose all pharmacologic agents
in use. A researcher checked the integrity of the tongue pictures taken.
Tongue characteristics were determined by two senior physicians with
extensive experience in the clinical diagnosis and treatment of TCM
rheumatism. In the situation of disagreement between the two
physicians, the decision was made after a team discussion. Two
dimensions of the tongue image were recorded, namely, tongue body
and tongue fur. Tongue body manifestations included pale red tongue,
pale white tongue, red-crimson tongue, bluish-purple tongue, enlarged
tongue, thin tongue, fissured tongue, and teeth-marked tongue; tongue
fur manifestations included white fur, yellow fur, thick fur, thin fur, slimy
fur, dry fur, and peeling fur. Among the tongue body manifestations, the
red-crimson tongue manifestation included red tongue or crimson
tongue. The bluish-purple tongue manifestation involved a color change
to blue or purple across the entire tongue, and also included parts of the
tongue that appeared to show bluish-purple spots, of different sizes,
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under the surface of the tongue. No tongue image data was missing in
this study. The acquisition of standardized data is shown in Figure 1, and
the diagram of tongue is shown in Figure 2.

2.5 Establishment and validation of the
clinical diagnostic model

First, the tongue factors were analyzed by one-way analysis.
Tongue factors with p values less than 0.1 in the one-way analysis were
included for covariance analysis and binary logistic regression. Three
models were developed for tongue characteristics; among these,
model 1 included tongue body and tongue fur; model 2 included
tongue fur only; and model 3 included only the tongue body. All three
models included gender and age as correction factors. All models were
further screened and optimized using the Akaike information
criterion (AIC) combined with stepwise regression. Model
discrimination was assessed by receiver operating characteristic
(ROC) curves, model calibration was assessed through calibration
plots, overall performance of the model was evaluated by Brier score,
and the clinical applicability of the model was evaluated by decision
curve analysis (DCA). Internal validation was performed by the
bootstrap method. The optimal model among the three models was
selected based on differentiation and calibration, and further validated
in the test set. The optimal model used the training set data to calculate
the Jordan index to find the optimal cutoff value. The sensitivity,
specificity, positive predictive value, and negative predictive value of
the optimal model were calculated in both the training and test sets.
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2.6 Model presentation

Forest and nomogram of the optimal model were drawn to make
the model easier to interpret.

2.7 Statistical methods

SPSS 27.0 and R4.3.2 software packages were used for statistical
analysis. Count data were presented as frequency and percentage,
while non-normally distributed data were represented by median and
quartile (Q1, Q3). In group comparisons, the chi-square test was used
for count data, and the Mann-Whitney U test was used for measures
that did not conform to normal distribution. R4.3.2 was used for
randomized splitting of datasets, model construction, model
validation, model testing, and model presentation. Hypothesis testing
was performed using two-sided test, and p < 0.05 was considered to
indicate statistical significance.

5 Results
3.1 Tongue analysis

The results of one-way analysis of the data for the two groups
among the overall participants and the training set are shown in

Table 1. In the training set, the results indicate differences in terms of
sex, age, pale red tongue, bluish-purple tongue, thin tongue, fissured

frontiersin.org


https://doi.org/10.3389/fmed.2025.1552781
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Chen et al.

10.3389/fmed.2025.1552781

Tongue fur

Nomal Tongue: pale red tongue,

thin and white fur teeth-marked

FIGURE 2
Schematic of tongue appearance.
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TABLE 1 Basic clinical information for the total study population.

Characteristic Total Training set
Total pSS Healthy controls P value set pSS Healthy controls P value

N =400 N =200 N =200 N =140 R 10]
Sex at birth [n (%)]
Male 48 (12) 14 (7.0) 34 (17) 0.002 11(7.9) 22 (16) 0.041
Female 352 (88) 186 (93) 166 (83) 129 (92) 118 (84)
Age [Median (IQR)] 50 (40, 59) 57 (50, 63) 42 (35,51) <0.001 57 (48, 63) 42 (34,51) <0.001
Tongue body [n (%)]
Pale red tongue 133 (33) 51 (26) 82 (41) 0.001 33 (24) 57 (41) 0.002
Pale tongue 15(3.8) 5(2.5) 10 (5.0) 0.188 4(2.9) 8(5.7) 0.238
Red-crimson tongue 122 (31) 66 (33) 56 (28) 0.277 45 (32) 41 (29) 0.604
Bluish-purple tongue 168 (42) 98 (49) 70 (35) 0.005 71 (51) 47 (34) 0.004
Enlarged tongue 90 (23) 50 (25) 40 (20) 0.231 35 (25) 32(23) 0.674
Thin tongue 43 (11) 37(19) 6(3.0) <0.001 23 (16) 5(3.6) <0.001
Fissured tongue 150 (38) 118 (59) 32 (16) <0.001 82 (59) 22 (16) <0.001
Teeth-marked tongue 101 (25) 43 (22) 58 (29) 0.084 30 (21) 47 (34) 0.023
Tongue fur [n (%)]
Thin fur 236 (59) 73 (37) 163 (82) <0.001 54 (39) 118 (84) <0.001
Thick fur 134 (34) 97 (49) 37(19) <0.001 64 (46) 22 (16) <0.001
Dry fur 82 (21) 58 (29) 24 (12) <0.001 42 (30) 14 (10) <0.001
Slimy fur 152 (38) 99 (50) 53 (27) <0.001 66 (47) 37 (26) <0.001
Peeling fur 89 (22) 84 (42) 5(2.5) <0.001 61 (44) 4(2.9) <0.001
White fur 258 (65) 104 (52) 154 (77) <0.001 74 (53) 107 (76) <0.001
Yellow fur 114 (29) 68 (34) 46 (23) 0.015 45 (32) 33 (24) 0.110

PpSS: Primary Sjogren’s Syndrome.

tongue, teeth-marked tongue, thin fur, thick fur, dry fur, slimy fur,
peeling fur, and white fur (p < 0.1). These factors were incorporated
into the development of subsequent diagnostic models.

3.2 Construction and evaluation of the model

After variable selection, three models were constructed in this
study. The tongue combined model is represented by Model 1:

Frontiers in Medicine 04

log(p/(1-p)) = 0.040 * age + 0.835 * sex + 0.561 * bluish-purple tongue
+ 1.219 * thin tongue + 1.089 * fissured tongue — 2.023 * thin fur +
2.346 * peeling fur — 2.498. The tongue fur model is represented by
Model 2: log(p/(1-p)) = 0.053 * age + 0.795 * sex - 2.018 * thin fur +
2.926 * peeling fur — 2.502. The tongue body model is represented by
Model 3: log(p/(1-p)) = 0.053 * age + 0.764 * sex + 0.583 * bluish-
purple tongue + 1.101 * thin tongue + 1.644 * fissured tongue — 4.219.
AIC is a widely used model selection criterion, where, in comparing
multiple models, the one with the smallest AIC value is generally
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FIGURE 3
ROC curve and calibration curve of logistic regression model. (A) ROC curve of the three models. Red line: Model 1 (Combined model: tongue body
and tongue fur), AUC = 0.89. Blue line: Model 2 (tongue fur model), AUC = 0.88. Green line: Model 3 (tongue body), AUC = 0.82. ROC: receiver
operating characteristic; AUC: area under curve. (B) Calibration curve of Model 1 (Combined model: tongue body and tongue fur). (C): Calibration
curve of Model 2 (tongue fur model). (D): Calibration curve of Model 3 (tongue body).

considered the best model. Among the three models, Model 1 has the
smallest AIC value (Model 1: 244.86 < Model 2: 253.19 < Model 3:
303.13) (see Table 2). ROC curves for all three models are shown in
Figure 3, with Model 1 exhibiting the largest area under curve (AUC)
(Model 1: 0.89 > Model 2: 0.88 > Model 3: 0.82). The Brier score is a
metric that evaluates the calibration accuracy of a classification model
by measuring the difference between the predicted probabilities and
the actual observed outcomes. In this context, Model 1 showed the
largest AUC and the lowest Brier score (Model 1: 0.13 < Model 2:
0.14 < Model 3: 0.17), indicating superior discriminative ability and
calibration accuracy compared with Models 2 and 3 (Figure 3A).
Calibration curves, visualizing the calibration performance of
classification models, were drawn using the bootstrap method on the
training set, indicating good calibration performance for all three
models (Figures 3B-D). In summary, model 1 was identified as the
optimal model for diagnosing pSS based on tongue images in this
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study. The ROC curve of the training set revealed that the best cutoff
value for diagnosing pSS with Model 1 was 0.347. The sensitivity,
specificity, positive predictive value (PPV), negative predictive value
(NPV), Youden’s Index and for diagnosing pSS using the optimal
model in the training set were 87.86, 76.43, 78.85, 86.29%, and 0.64,
respectively.

3.3 Model validation

Internal validation of Model 1 performed by bootstrap. The results
show good clinical prediction accuracy with an AUC of 0.88
(Figure 4A). DCA (Decision Curve Analysis) curves can assess the
performance of predictive models in clinical decision making. The
DCA for internal validation also showed good clinical applicability of
Model 1 (Figure 4B).
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FIGURE 4
ROC curve and DCA curve for internal validation of optimal model. (A) ROC curve for internal validation of optimal model. AUC = 0.88. (B) DCA for
internal validation of optimal model. ROC: receiver operating characteristic. DCA: decision curve analysis.

TABLE 2 Logistic regression model for Primary Sjégren’s Syndrome.

Model 1 Model 2 Model 3
P value P value P value
Constant —2.498 0.003 —2.502 0.002 —4.219 <0.001
Age 0.040 0.005 0.053 <0.001 0.053 <0.001
Sex at birth (female) 0.835 0.121 0.795 0.132 0.764 0.110
Bluish-purple tongue 0.561 0.099 / / 0.583 0.048
Thin tongue 1.219 0.050 / / 1.101 0.054
Fissured tongue 1.089 0.006 / / 1.644 <0.001
Thin fur —2.023 <0.001 —2.018 <0.001 / /
Peeling fur 2.346 <0.001 2.926 <0.001 / /
AIC 244.86 / 253.19 / 303.13 /

Model 1: Combined model (including tongue body and tongue fur); Model 2: tongue fur model; Model 3: tongue body model. AIC: Akaike information criterion.

3.4 Model testing

Model 1 was subject to external testing using the test set. ROC
curves, calibration curves and DCA were plotted for Model 1
(Figure 5). The results of AUC also showed that Model 1 exhibited
high diagnostic accuracy on the test set (Figure 5A). When applying
a cutoft value of 0.347 for diagnostic determination to the test set, the
model showed sensitivity, specificity, PPV, and NPV for pSS of 93.33,
71.67,76.71, and 91.48%, respectively. The Model 1 showed the best
accuracy for the calibration curve (Figure 5B). DCA showed good
clinical applicability of Model 1(Figure 5C).

3.5 Model presentation

We present the optimal model using nomograms (Figure 6).
Figure 6A shows an example of a 40-year-old female who has peeling
tongue fur and a fissured, thin, and bluish-purple tongue, but not
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thin fur. The individual’s gender (female) corresponds to a score 65
points, with her age (40 years) corresponding to 38 points, the
presence of peeling tongue fur to 100 points, fissured tongue to 71
points, thin tongue to 74 points, purplish tongue to 59 points, and
absence of thin coating to 46 points. The total score for this
individual is approximately 454 points, resulting in a pSS diagnosis
probability of 0.994. Given the high diagnostic probability,
we recommend that this individual undergo MSGB or serum auto-
antibody testing for a definitive diagnosis. We also constructed a risk
score prediction model represented by a colored nomogram
(Figure 6B).

4 Discussion

Changes in tongue manifestations are commonly observed in
patients with pSS (27). In this study, an optimal diagnostic model for
PSS was constructed for the first time based on TCM tongue signs.
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The model underwent both internal and external validation, and a
detailed diagnostic nomogram was drawn. The results showed that
the diagnostic model for pSS based on sex, age, bluish-purple
tongue, thin tongue, fissured tongue, thin fur, and peeling fur
exhibited good differentiation and calibration, suggesting that the
model has good diagnostic ability. Furthermore, the model has high
sensitivity and specificity, with a cutoff value of 0.347, and the
nomogram drawn based on the model can provide a clinical
reference for noninvasive differentiation between normal individuals
and those with pSS. This discovery provided readers with a new
approach to the clinical diagnosis of pSS-an achievement that had
not been accomplished before.

Tongue diagnosis is an efficient, non-invasive and convenient
method that can support primary health care systems globally and
can be performed anywhere as an aid to diagnosis (28). Traditional
classification criteria for pSS involve numerous components, whereas
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the tongue model relies solely on visual examination of the patient’s
exposed tongue. The DCA curve indicated that regardless of the
probability of diagnosing pSS in patients, using the patient-friendly
and economical pSS tongue model developed in this study to screen
or diagnose suspected pSS patients could save a significant amount
of healthcare costs while ensuring patient benefit. Inevitably, the
subjective nature of physician interpretation of tongue images poses
a challenge (23). In our study, the use of a standardized tongue
imaging instrument, the establishment of a standard protocol for
tongue images, and joint evaluations by two senior physicians
ensured as much standardization as possible. For the first time, this
study affirms the significant role of TCM tongue manifestations
(tongue fur and tongue body) in screening or diagnosing pSS. The
features we comprehensively considered include the tongue fur and
the tongue body. The results showed that the combined tongue model
was significantly better than the single tongue coating or tongue body
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FIGURE 6
Nomograms of the optimal model for diagnosis of primary Sjogren’s syndrome based on tongue manifestations. (A) Depicts the probability of
diagnosis of pSS in a 40-year-old female who displays peeling fur; a fissured, thin, and bluish-purple tongue; but not thin fur. (B) is similar to (A), both
of which can be utilized for diagnosing probabilities in a clinical setting. The different colors in (B) represent distinct scores and diagnostic probabilities.
Initially, the color was selected based on the individual's tongue manifestation, gender, and age. Then, we referred to the Color Legend to determine
the corresponding scores. Next, all the scores were summed up and the corresponding diagnostic probability was located on the Score-Diagnose
probability chart.

model in terms of sensitivity and specificity, as well as better than

previous study models that included only tongue color (18).  the
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Compared with prior studies that involved only female patients in

PSS tongue image diagnosis research (18), we included 400
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research participants, encompassing both male and female subjects.
This study further illustrated the applicability of tongue diagnosis in
male pSS patients. To date, the model presented in this study exhibits
the best sensitivity and specificity among the pSS tongue
diagnosis model.

Tongue manifestations mainly include the tongue body and
tongue fur. Tongue body manifestations comprise the appearance,
color, and shape of the tongue, while the tongue fur refers to the thin
layer of material covering the tongue, including the texture and color.
In most healthy people, the tongue is light red in color with thin
white fur. Owing to the involvement of salivary glands and parotid
glands, the oral saliva content of pSS patients is significantly lower
than that of normal people, and the composition of the former’s saliva
is also altered, which directly affects the function of the tongue (29-
31). In this study, it was found that people with bluish-purple tongue,
thin tongue, fissured tongue, and peeling fur were more likely to
be diagnosed with pSS, with the presence of fissured tongue and
peeling fur being statistically significant. A fissured tongue is
characterized by the presence of one or more shallow or deep grooves,
furrows, or fissures on the surface of the tongue body. This tongue
alteration was observed in tongue images of pSS patients of various
races (32, 33). Furthermore, pSS patients with lymphoid malignancy
exhibit a more fissured tongue (19). Peeling fur refers to the shedding
of coating from the tongue surface, resulting in the loss of some or all
of this covering from the tongue. Peeling of the tongue is usually one
of the signs of glossitis. Oral candidiasis is a common oral infection
in patients with pSS (34), and these patients may present with more
severe tongue fur loss, or even present with a reddish tongue that is
completely devoid of tongue fur (35). It is important to note that
partial peeling of the tongue fur, known as geographic tongue, can
also be possibly associated with psoriasis, and smoking (36, 37). In
general, bluish-purple tongue includes not only a blue or purple
tongue, but also localized dark spots or plaques on the tongue. In
patients with pSS, there seem to be more localized dark spots or
plaques than full tongue bruising or purpling, although this needs to
be confirmed by more studies. Reduction of oral saliva and altered
saliva composition in pSS patients lead to atrophy of the tongue body,
which usually manifests as thin tongue. In this study, we found that
thin tongue fur was negatively correlated with the diagnosis of pSS,
and healthy individuals usually have thin tongue fur.

It is important to note that the appearance of tongue
manifestations (tongue fur and tongue body) may be influenced by
dietary factors, pharmacological agents, and lifestyle habits such as
coffee consumption, bismuth-containing compounds, and smoking
(38-40). To minimize confounding influences, participants were
required to abstain from substances affecting the appearance of the
tongue (including foods and medications) on scheduled imaging
days, maintain complete fasting with avoidance of oral intake for 1 h
preceding image capture, and disclose current pharmacotherapeutic
regimens. Before using this model, clinicians should ask patients
about their dietary habits and medication records to avoid observing
incorrect tongue images.

The optimal diagnostic model showed that the likelihood of
patients having the disease gradually increased with age, which is
consistent with the findings of several previous studies (41). In the
present study, the correlation coefficient for sex was higher, showing
that the female population was more likely to be diagnosed with
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pSS. However, gender did not have a statistically significant
correlation with pSS in this model, which may be attributed to the
small sample size that was categorized as male in gender. Finally, this
study presents the results in the form of nomograms, which provides
a clearer and more convenient way of screening.

The present study also has some limitations. Only the Chinese
population was included in this study. Although the results revealed
by the tongue images were similar among various ethnic groups, this
limits the generalization of the model to a certain extent.
Furthermore, the present model only compares pSS patients with the
healthy population, and future studies should evaluate the efficacy of
the model in individuals suspected to have pSS. In addition, the study
did not directly control for confounding factors affecting tongue
manifestations. Diet and drugs can temporarily alter tongue
manifestations, and the effect of these variables on tongue
manifestations was tried in this study, but these variables were not
assessed quantitatively in our current model.

5 Conclusion

This study established a diagnostic model for pSS based on
specific tongue manifestations, age and sex, exhibiting high
sensitivity and specificity with a cutoff value of 0.347. This model can
be used as a reference for noninvasive clinical screening or
diagnosing of pSS.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Clinical
Research Ethics Committee of the China-Japan Friendship Hospital.
The studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

J-qC: Data curation, Formal analysis, Methodology, Software,
Validation, Visualization, Writing — original draft, Writing - review &
editing. YZ: Data curation, Formal analysis, Investigation, Writing —
original draft. J-hL: Data curation, Formal analysis, Writing - original
draft. J-yY: Data curation, Formal analysis, Writing — original draft.
B-hJ: Validation, Writing - original draft. Z-wH: Data curation,
Writing - original draft. T-hW: Data curation, Investigation, Writing —
original draft. L-nZ: Data curation, Investigation, Writing — original
draft. Z-hW: Investigation, Methodology, Supervision, Writing -
review & editing. C-xL: Data curation, Investigation, Writing — original
draft. X-yZ: Data curation, Investigation, Writing — original draft. JL:
Conceptualization, Data curation, Funding acquisition, Resources,

frontiersin.org


https://doi.org/10.3389/fmed.2025.1552781
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Chen et al.

Validation, Writing - review & editing. Q-wT: Conceptualization,
Funding acquisition, Resources, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. The study was supported by
a grant from the Capital’s Funds for Health Improvement (2024-1-
4065), the National High Level Hospital Clinical Research Funding
(2022-NHLHCRF-LX-02-0103), Beijing TCM science and technology
development fund project (BJZYQN-2023-04), and the Rheumatology
Branch of China Association of Chinese Medicine Youth Pei Ying
Project (N0.202327-007).

Acknowledgments

The authors are grateful to all the participants who cooperated in
the tongue image filming in this study. The authors would also like to
thank the related rheumatology teams.

References

1. Mariette X, Criswell LA. Primary Sjogren's syndrome. N Engl | Med. (2018)
378:931-9. doi: 10.1056/NEJMcp1702514

2. Maleki-Fischbach M, Kastsianok L, Koslow M, Chan ED. Manifestations and
management of Sjogren's disease. Arthritis Res Ther. (2024) 26:43. doi:
10.1186/s13075-024-03262-4

3. Bloch KJ, Buchanan WW, Wohl MJ, Bunim JJ. SJOEGREN'S syndrome. A clinical,
pathological, and serological study of sixty-two cases. Medicine. (1965) 44:187-231. doi:
10.1097/00005792-196505000-00001

4. Shearn MA. Sjogren's syndrome. Major Probl Intern Med. (1971) 2:1-262.

5. Daniels TE, Silverman S Jr, Michalski JP, Greenspan JS, Sylvester RA, Talal N. The
oral component of Sjogren's syndrome. Oral Surg Oral Med Oral Pathol. (1975)
39:875-85. doi: 10.1016/0030-4220(75)90108-5

6. Ohfuji T. Summary of the studies on Sjégren's disease in 1977. Annu Rep Ministry
Health Welfare. (1977):3-6.

7. Manthorpe R, Frost-Larsen K, Isager H, Prause JU. Sjogren's syndrome. A review
with emphasis on immunological features. Allergy. (1981) 36:139-53. doi:
10.1111/j.1398-9995.1981.tb01829.x

8. Homma M, Tojo T, Akizuki M, Yamagata H. Criteria for Sjogren's syndrome in
Japan. Scand ] Rheumatol Suppl. (1986) 61:26-7. doi: 10.1080/15027732.1986.12461373

9. Skopouli FN, Drosos AA, Papaioannou T, Moutsopoulos HM. Preliminary
diagnostic criteria for Sjogren's syndrome. Scand ] Rheumatol Suppl. (1986) 15:22-5.
doi: 10.1080/15027732.1986.12461372

10. Fox RI, Robinson CA, Curd JG, Kozin E, Howell FV. Sjogren's syndrome. Proposed
criteria for classification. Arthritis Rheum. (1986) 29:577-85. doi: 10.1002/art.1780290501

11. Vitali C, Bombardieri S, Moutsopoulos HM, Balestrieri G, Bencivelli W, Bernstein
RM, et al. Preliminary criteria for the classification of Sjogren's syndrome. Results of a
prospective concerted action supported by the European Community. Arthritis Rheum.
(1993) 36:340-7. doi: 10.1002/art.1780360309

12. Vitali C, Bombardieri S, Jonsson R, Moutsopoulos HM, Alexander EL, Carsons
SE, et al. Classification criteria for Sjogren's syndrome: a revised version of the European
criteria proposed by the American-European consensus group. Ann Rheum Dis. (2002)
61:554-8. doi: 10.1136/ard.61.6.554

13. Shiboski SC, Shiboski CH, Criswell L, Baer A, Challacombe S, Lanfranchi H, et al.
American College of Rheumatology classification criteria for Sjogren's syndrome: a data-
driven, expert consensus approach in the Sjogren's international collaborative clinical
Alliance cohort. Arthritis Care Res. (2012) 64:475-87. doi: 10.1002/acr.21591

14. Fujibayashi T. Revised diagnostic criteria for Sjogren's syndrome. Rheumatology.
(2000) 24:421.

15. Shiboski CH, Shiboski SC, Seror R, Criswell LA, Labetoulle M, Lietman TM, et al.
International Sjogren's syndrome criteria working G. 2016 American College of
Rheumatology/European league against rheumatism classification criteria for primary
Sjogren's syndrome: a consensus and data-driven methodology involving three international
patient cohorts. Ann Rheum Dis. (2017) 76:9-16. doi: 10.1136/annrheumdis-2016-210571

Frontiers in Medicine

10

10.3389/fmed.2025.1552781

Conflict of interest

The authors declare that they are applying for a patent based on
this research. This study was conducted in the absence of other
business or financial relationships that could be construed as a
potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

16. Richards A, Mutlu S, Scully C, Maddison P. Complications associated with labial
salivary gland biopsy in the investigation of connective tissue disorders. Ann Rheum Dis.
(1992) 51:996-7. doi: 10.1136/ard.51.8.996

17. Huang Z, Wu Z, Yang J, Zhang Y, Zhang L, Hu Q, et al. Tongue appearances
characteristics of patients with primary Sjogren’s syndrome with different positive
autoantibodies. China ] Trad Chinese Med Pharm. (2023) 38:5514-8.

18. Noguchi K, Saito I, Namiki T, Yoshimura Y, Nakaguchi T. Reliability of non-
contact tongue diagnosis for Sjégren's syndrome using machine learning method. Sci
Rep. (2023) 13:1334. doi: 10.1038/s41598-023-27764-4

19. Zampeli E, Kalogirou E-M, Piperi E, Mavragani CP, Moutsopoulos HM. Tongue
atrophy in Sjogren syndrome patients with mucosa-associated lymphoid tissue
lymphoma: autoimmune Epithelitis beyond the epithelial cells of salivary glands? J
Rheumatol. (2018) 45:1565-71. doi: 10.3899/jrheum.180101

20. Maeda M. Dermoscopic patterns of the filiform papillae of the tongue in
patients with  Sjogren's syndrome. ] Dermatol. (2006) 33:96-102. doi:
10.1111/j.1346-8138.2006.00020.x

21. Chang AY, Chen LX, Jiang M, Lu A, Zhang F, Vivino FB. What can the tongue tell
you about Sjogren's syndrome? ] Clin Rheumatol. (2010) 16:348-50. doi:
10.1097/RHU.0b013e3181f6078a

22. Mathews SA, Kurien BT, Scofield RH. Oral manifestations of Sjogren's syndrome.
] Dent Res. (2008) 87:308-18. doi: 10.1177/154405910808700411

23. Matos LC, Machado JP, Monteiro FJ, Greten HJ. Can traditional Chinese medicine
diagnosis be parameterized and standardized? A narrative review. Healthcare. (2021)
9:177. doi: 10.3390/healthcare9020177

24.Zhang Q, Zhou ], Zhang B. Computational Traditional Chinese Medicine
diagnosis: A literature survey. Comput Biol Med. (2021) 133:104358. doi:
10.1016/j.compbiomed.2021.104358

25. Yuan L, Yang L, Zhang S, Xu Z, Qin J, Shi Y, et al. Development of a tongue image-
based machine learning tool for the diagnosis of gastric cancer: a prospective multicentre
clinical cohort study. EClinicalMedicine. (2023) 57:101834. doi:
10.1016/j.eclinm.2023.101834

26. Riley RD, Ensor J, Snell KIE, Harrell FE, Martin GP, Reitsma JB, et al. Calculating
the sample size required for developing a clinical prediction model. BMJ Brit Med ].
(2020):368. doi: 10.1136/bmj.m441

27. Serrano J, Lopez-Pintor RM, Gonzalez-Serrano J, Fernandez-Castro M, Casanas
E, Hernandez G. Oral lesions in Sjogren's syndrome: a systematic review. Med Oral Patol
Oral Cir Bucal. (2018) 23:€391-400. doi: 10.4317/medoral.22286

28.Wen G, Ma J, Hu Y, Li H, Jiang L. Grouping attributes zero-shot learning for
tongue constitution recognition. Artif Intell Med. (2020) 109:101951. doi:
10.1016/j.artmed.2020.101951

29. Pedersen AM, Reibel J, Nordgarden H, Bergem HO, Jensen JL, Nauntofte B.
Primary Sjogren's syndrome: salivary gland function and clinical oral findings. Oral Dis.
(1999) 5:128-38. doi: 10.1111/§.1601-0825.1999.tb00077.x

frontiersin.org


https://doi.org/10.3389/fmed.2025.1552781
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1056/NEJMcp1702514
https://doi.org/10.1186/s13075-024-03262-4
https://doi.org/10.1097/00005792-196505000-00001
https://doi.org/10.1016/0030-4220(75)90108-5
https://doi.org/10.1111/j.1398-9995.1981.tb01829.x
https://doi.org/10.1080/15027732.1986.12461373
https://doi.org/10.1080/15027732.1986.12461372
https://doi.org/10.1002/art.1780290501
https://doi.org/10.1002/art.1780360309
https://doi.org/10.1136/ard.61.6.554
https://doi.org/10.1002/acr.21591
https://doi.org/10.1136/annrheumdis-2016-210571
https://doi.org/10.1136/ard.51.8.996
https://doi.org/10.1038/s41598-023-27764-4
https://doi.org/10.3899/jrheum.180101
https://doi.org/10.1111/j.1346-8138.2006.00020.x
https://doi.org/10.1097/RHU.0b013e3181f6078a
https://doi.org/10.1177/154405910808700411
https://doi.org/10.3390/healthcare9020177
https://doi.org/10.1016/j.compbiomed.2021.104358
https://doi.org/10.1016/j.eclinm.2023.101834
https://doi.org/10.1136/bmj.m441
https://doi.org/10.4317/medoral.22286
https://doi.org/10.1016/j.artmed.2020.101951
https://doi.org/10.1111/j.1601-0825.1999.tb00077.x

Chen et al.

30. Fineide F, Chen X, Bjellaas T, Vitelli V, Utheim TP, Jensen JL, et al. Characterization
of lipids in saliva, tears and minor salivary glands of Sjégren's syndrome patients using
an HPLC/MS-based approach. Int ] Mol Sci. (2021) 22:997. doi: 10.3390/ijms22168997

31. Garreto L, Charneau S, Mandacaru SC, N6brega OT, Motta FN, de Aratjo CN,
et al. Mapping salivary proteases in Sjogren's syndrome patients reveals overexpression
of dipeptidyl Peptidase-4/CD26. Front Immunol. (2021) 12:686480. doi: 10.3389/fimmu.
2021.686480

32. Marton K, Boros I, Varga G, Zelles T, Fejérdy P, Zeher M, et al. Evaluation of
palatal saliva flow rate and oral manifestations in patients with Sjégren's syndrome. Oral
Dis. (2006) 12:480-6. doi: 10.1111/j.1601-0825.2005.01224.x

33. Koseki M, Maki Y, Matsukubo T, Ohashi Y, Tsubota K. Salivary flow and its
relationship to oral signs and symptoms in patients with dry eyes. Oral Dis. (2004)
10:75-80. doi: 10.1111/§.1354-523X.2003.00987.x

34. Ergun S, Cekici A, Topcuoglu N, Migliari D-A, Kiilek¢i G, Tanyeri H, et al. Oral
status and Candida colonization in patients with Sjogren's syndrome. Med Oral Patol
Oral Cir Bucal. (2010) 15:e310-5. doi: 10.4317/medoral.15.e310

35. Serrano J, Lopez-Pintor RM, Fernandez-Castro M, Ramirez L, Sanz M, Casaias
E, et al. Oral lesions in patients with primary Sjogren's syndrome. A case-control cross-

Frontiers in Medicine

11

10.3389/fmed.2025.1552781

sectional study. Med Oral Patol Oral Cir Bucal. (2020) 25:e137-43. doi: 10.4317/medoral.
23254

36. Picciani BLS, Carneiro S, Sampaio ALB, Santos BM, Santos VCB, Gonzaga HFS, et al.
A possible relationship of human leucocyte antigens with psoriasis vulgaris and geographic
tongue. ] Eur Acad Dermatol Venereol. (2015) 29:865-74. doi: 10.1111/jdv.12691

37. Gonzalez-Alvarez L, Garcia-Martin JM, Garcia-Pola M]J. Association between
geographic tongue and psoriasis: a systematic review and meta-analyses. ] Oral Pathol
Med. (2019) 48:365-72. doi: 10.1111/jop.12840

38. Cohen PR. Black tongue secondary to bismuth subsalicylate: case report and
review of exogenous causes of macular lingual pigmentation. ] Drugs Dermatol. (2009)
8:1132-5.

39. Thompson DE, Kessler TL. Drug-induced black hairy tongue. Pharmacotherapy.
(2010) 30:585-93. doi: 10.1592/phco.30.6.585

40. Weinberg A, Albers AE. The yellow hairy tongue. Pan Afr Med J. (2018) 30:298.
doi: 10.11604/pam;j.2018.30.298.16328

41. Thurtle E, Grosjean A, Steenackers M, Strege K, Barcelos G, Goswami P.
Epidemiology of Sjogren's: a systematic literature review. Rheumatol Ther. (2023)
11:1-17. doi: 10.1007/s40744-023-00611-8

frontiersin.org


https://doi.org/10.3389/fmed.2025.1552781
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.3390/ijms22168997
https://doi.org/10.3389/fimmu.2021.686480
https://doi.org/10.3389/fimmu.2021.686480
https://doi.org/10.1111/j.1601-0825.2005.01224.x
https://doi.org/10.1111/j.1354-523X.2003.00987.x
https://doi.org/10.4317/medoral.15.e310
https://doi.org/10.4317/medoral.23254
https://doi.org/10.4317/medoral.23254
https://doi.org/10.1111/jdv.12691
https://doi.org/10.1111/jop.12840
https://doi.org/10.1592/phco.30.6.585
https://doi.org/10.11604/pamj.2018.30.298.16328
https://doi.org/10.1007/s40744-023-00611-8

	Diagnostic value of tongue manifestations for primary Sjögren’s syndrome: construction and validation of disease screening model
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Sample size calculation
	2.3 Patients
	2.4 Data collection
	2.5 Establishment and validation of the clinical diagnostic model
	2.6 Model presentation
	2.7 Statistical methods

	3 Results
	3.1 Tongue analysis
	3.2 Construction and evaluation of the model
	3.3 Model validation
	3.4 Model testing
	3.5 Model presentation

	4 Discussion
	5 Conclusion

	References

