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ABSTRACT

Introduction: Pleomorphic adenoma and Warthin tumour are the two most common benign parotid gland tumours with dis-
tinct histological and clinical profiles. Recent studies suggest a potential link between metabolic disturbances—particularly
insulin resistance—and the development of Warthin tumours. The triglyceride-glucose (TyG) index has emerged as a simple,
cost-effective biomarker of insulin resistance. This study aimed to investigate the potential role of the TyG index in differentiating
between pleomorphic adenoma and Warthin tumour.

Methods: A retrospective cross-sectional study was conducted on patients histopathologically diagnosed with pleomorphic ad-
enoma (n=31) or Warthin tumour (n=22), and compared with healthy controls (n = 58). Fasting glucose and triglyceride levels
were used to calculate the TyG index. Statistical analyses included ¢-tests, ANOVA, and Bonferroni-corrected post hoc compari-
sons, with a significance threshold of p <0.05.

Results: No significant differences were observed in age, sex, BMI or TyG index between the tumour group and controls.
However, the TyG index was significantly higher in the Warthin tumour group (4.91 +0.28) compared to the pleomorphic ade-
noma (4.68 +0.31, p=0.006) and control groups (4.72 +£0.23, p=0.033). No difference was found between the pleomorphic ade-
noma and control groups.

Conclusion: The TyG index is significantly elevated in patients with Warthin tumours, supporting its potential role as a simple,
non-invasive biomarker to aid in the differential diagnosis of benign parotid tumours.

1 | Introduction Although most parotid tumours are benign, they are predomi-

nantly represented by types such as pleomorphic adenoma and

Primary neoplasms of the salivary glands are uncommon and
account for less than 5% of the annual incidence of head and
neck malignancies. Approximately 85% of salivary gland neo-
plasms originate from the parotid gland. It is estimated that 75%
of these tumours are benign, while the remaining 25% exhibit
malignant characteristics [1].
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Warthin tumour; however, a subset may demonstrate aggressive
behaviour and malignant potential [2]. Pleomorphic adenoma
is the most common benign tumour of the parotid gland and
typically exhibits slow growth. In contrast, Warthin tumour is
more frequently observed in older males and individuals with a
history of smoking [3].
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Highlights

« The triglyceride-glucose (TyG) index was higher in
patients with Warthin tumor compared with pleomor-
phic adenoma.

« No significant difference in TyG index was observed
between pleomorphic adenoma and healthy controls.

« The TyG index may serve as a simple, non-invasive
complementary parameter to support differentiation
between common benign parotid gland tumor sub-
types in selected clinical scenarios.

The aetiology of parotid gland tumours remains partially mis-
understood. Ionising radiation is a well-established risk factor,
while occupational exposure to nitroso compounds and smoking
have also been implicated [4]. Recent evidence suggests a poten-
tial role for metabolic conditions such as obesity and metabolic
syndrome, particularly in Warthin tumour. Additionally, viral
agents like EBV and HIV, and a history of other malignancies,
may contribute to tumour development [5].

Various studies have demonstrated that metabolic disorders,
especially insulin resistance, play a significant role in the devel-
opment of malignancies. Insulin resistance leads to chronic hy-
perinsulinemia, which in turn increases the levels of insulin-like
growth factor-1 (IGF-1), thereby promoting cellular proliferation
and inhibiting apoptosis, ultimately contributing to tumorigen-
esis [6].

The triglyceride-glucose (TyG) index has been identified as a
simple and cost-effective indicator of insulin resistance and has
been investigated as a potential biomarker in various malignan-
cies such as colorectal, endometrial, and laryngeal cancers [7, 8].

The relationship between the TyG index and various malignan-
cies has been studied in the literature [8]. However, the role of
the TyG index in parotid gland tumours has not yet been clearly
established. While there are hypotheses suggesting a link be-
tween Warthin tumour and metabolic disorders, particularly
insulin resistance, direct evidence in the literature remains lim-
ited [3].

Given its accessibility and low cost, the TyG index may serve as a
complementary screening tool for early diagnosis, especially in
histological subtypes with differing biological behaviours, such
as Warthin tumour and pleomorphic adenoma.

This study aims to investigate whether there is a significant
difference in the TyG index between patients diagnosed with
pleomorphic adenoma or Warthin tumour and healthy individ-

uals, and to evaluate the potential utility of this parameter as a
screening tool across these two histological subtypes.

2 | Methods
2.1 | Design

This was a retrospective cross-sectional observational study.

2.2 | Setting

The study was conducted at the Department of
Otorhinolaryngology, Tertiary University Hospital, between
January 2019 and July 2024.

2.3 | Participants

During the chart review conducted between July and October
2024, patients diagnosed with parotid tumours between
January 2019 and July 2024 and who had available blood test
data suitable for TyG index calculation were included in the
study. The parotid tumour group (Group 1) consisted of pa-
tients whose histopathological diagnoses were confirmed as
either pleomorphic adenoma (Group 1A) or Warthin tumour
(Group 1B). Group 1A included 31 patients, while Group 1B
included 22 patients.

For each patient, if fasting triglyceride and glucose values allow-
ing for the calculation of the TyG index were available within
1 year prior to diagnosis, these data were used. In cases where
no adequate pre-diagnosis data were available, blood test results
obtained within 1 year after the diagnosis were utilised. For pa-
tients who had not yet completed 1 year since diagnosis, blood
samples were obtained during routine follow-up visits to allow
for TyG index calculation.

In the control group (Group 2), 58 healthy individuals were eval-
uated. Fasting blood samples were obtained, and triglyceride
and glucose levels were measured to calculate the TyG index.
Inclusion in the control group required the absence of any
known malignancy or systemic disease.

2.3.1 | Inclusion Criteria

Age between 18 and 70years; histopathologically confirmed
diagnosis of pleomorphic adenoma or Warthin tumour (for the
patient group); absence of systemic disease and malignancy (for
the control group); availability of fasting blood triglyceride and
glucose values.

2.3.2 | Exclusion Criteria

Diagnosis of diabetes mellitus or use of antidiabetic medication;
treatment for hyperlipidaemia; history of advanced liver, car-
diac, or renal disease; pregnancy; history of surgery or radio-
therapy involving the head and neck region.

2.4 | Main Outcome Measures

The primary outcome was the TyG index, calculated for each
subject using the following formula [7]:

Ln [fasting triglycerides (mg / dL) X fasting glucose (mg/dL)/ 2] .

Secondary variables included age, sex, and body mass
index (BMI).
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2.5 | Statistical Analysis

Statistical analyses were performed using SPSS version 24.0 (IBM
Corp., Armonk, NY, USA). Data normality was assessed by the
Kolmogorov-Smirnov test. Continuous variables were compared
using the independent samples t-test, while categorical variables
were analysed by the chi-square test. In subgroup analyses, one-
way analysis of variance (ANOVA) was performed, followed by
Bonferroni-corrected post hoc pairwise comparisons. Multiple
linear regression analysis was used to determine whether differ-
ences in TyG index between groups persisted after adjusting for
age, with tumour type as a categorical predictor and age as a co-
variate. Statistical significance was defined as p <0.05.

2.6 | Ethics

The study protocol was approved by the local Clinical Research
Ethics Committee (Ethics Committee Decision No: 11/5, Date:
3 July 2024, Document No: E.163209) and conducted in accor-
dance with the Declaration of Helsinki.

2.7 | Reporting Guideline

This manuscript was prepared in accordance with the STROBE
guidelines for observational studies.

3 | Results

This study included a total of 53 patients histopathologically diag-
nosed with pleomorphic adenoma (Group 1A, n=31) or Warthin
tumour (Group 1B, n=22), and 58 healthy individuals in the con-
trol group (Group 2). The mean values for age, sex distribution,
BMI, and TyG index were compared among the participants.

There were no statistically significant differences between the tu-
mour group (Group 1) and the control group (Group 2) in terms of
age (Group 1: 54.8 £ 11.2years; Group 2: 52.1 +10.7years; p=0.161),
sex distribution (p=0.177), or BMI (Group 1: 27.5+4.1kg/m?;
Group 2: 26.8+3.8kg/m?% p=0.441). The TyG index was also
similar between these two groups (Group 1: 4.75+0.31; Group 2:
4.72+0.23; p=0.538), indicating only a modest difference between
tumour patients and healthy controls (see Table 1 and Figure 1).

In the three-group comparison, a statistically significant differ-
ence was found in terms of age (p <0.001). The mean age of patients
with Warthin tumour (63.1+8.4years) was significantly higher
than that of patients with pleomorphic adenoma (49.7 £ 10.2 years)
and healthy controls (51.2 +9.8 years). No significant difference in
BMI was found among the three groups (p=0.741).

Regarding the TyG index, the mean value was 4.91+0.28 in
the Warthin tumour group, 4.68+0.31 in the pleomorphic ad-
enoma group, and 4.72+0.23 in the control group. Statistical

TABLE1 | Comparison between Group 1 (benign parotid tumour group) and Group 2 (control group).
Group 1 (Benign parotid tumour) Group 2 (Control)
(n=53) (n=58) Statistic®P
Mean +SD Mean = SD 14
Sex (male/female) 35M/18F 31M/27F p=0.177°
Age (years) 52.58 +14.32 49.76 +2.28 p=0.161%
TyG 4.75+0.31 4.72+0.23 p=0.5382
BMI (kg/m?) 27.85+5.20 27.15+4.20 p=0.4412

Abbreviations: BMI, body mass index; F, female; M, male; SD, standard deviation; TyG, triglyceride-glucose index.

2Independent ¢-test was used to compare the groups. p <0.05 significant accepted.
YKi-kare was used to compare the groups. p <0.05 significant accepted.
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FIGURE1 | TyG index comparison between tumour and control groups.

CONTROL

Clinical Otolaryngology, 2026

85US0| T SUOLULLOD BRI 3|qeal|dde aup Ag pausenoh a1e sapile YO 88N JO S3IN1 104 AReiq 1T 3UIIUO /8|1 UO (SUOIPUOD-PUR-SWLIS} WD 3| 1A leld 1 Bu1|uo//Sdiy) SUORIPUOD Pue SWwi L 8U) 885 *[9202/20/Ge] Uo Ariqiauliuo AB|IM ‘AIseAIuN JiRA WeY |-Wwzag Ag 8300. BOO/TTTT 0T/I0P/wo0 A3| M AReiqifoul|uo//SAny o) papeojumod ‘0 ‘98rr6r.T



analysis revealed that the TyG index was significantly higher in
the Warthin tumour group compared to both the pleomorphic
adenoma group (p=0.006) and the control group (p=0.033),
although this difference was smaller in magnitude compared
with the difference between Warthin tumour and pleomorphic
adenoma (see Table 2 and Figure 2). No significant difference
was observed between the pleomorphic adenoma group and the
control group (p=0.521).

In the post hoc analysis for differences in the TyG index among
the three groups, Bonferroni correction was applied, with the
significance threshold set at p <0.0167. According to this correc-
tion, the difference between the Warthin tumour and pleomor-
phic adenoma groups remained statistically significant, while
the difference between the Warthin tumour and control groups
was of borderline significance (p=0.033), consistent with the
modest overall difference observed between tumours and con-
trols (see Table 2 and Figure 2).

Multiple linear regression analysis demonstrated that the differ-
ence in TyG index between the Warthin tumour and pleomor-
phic adenoma groups remained at the threshold of statistical
significance after adjusting for age (p=0.053 for group effect),
while age itself was not a significant independent predictor
(p=0.704). This suggests that the higher TyG index observed

in Warthin tumour patients is not solely attributable to their
older age.

4 | Discussion

Parotid gland tumours represent approximately 80% of all sali-
vary gland neoplasms and are the most common major salivary
gland tumours in the head and neck region [9]. Approximately
75%-80% of these tumours are benign, with pleomorphic ade-
noma and Warthin tumour being the most frequently encoun-
tered subtypes. Pleomorphic adenoma accounts for around
60% of parotid neoplasms, while Warthin tumours are more
frequently seen in older males and are reported to constitute
10%-15% of cases [10].

In our study, no significant difference in the TyG index was ob-
served between the overall tumour group and the healthy con-
trol group. However, in the Warthin tumour subgroup, the TyG
index was significantly higher than that observed in both the
pleomorphic adenoma group and the healthy controls. These
findings align with previous studies suggesting a possible role
of metabolic factors in the development of Warthin tumours
[11]. In our study, the TyG index was assessed as a biochemi-
cal marker independent of conventional metabolic parameters.

TABLE 2 | Comparison of benign parotid tumour subgroups and healthy controls.

Group 1A
(pleomorphic Group 1B (Warthin Group 2
adenoma) tumour) (control) Statistic?
(n=31) (n=22) (n=58)
Mean+SD Mean +=SD Mean +SD 1Avs.1B 1A vs.2 1B vs. 2
Age (years) 48.16+16.10 58.82+8.23 49.76 +2.28 p<0.001 p=0.725 p<0.001
TyG 4.66+0.29 4.89+0.31 4.72+0.23 p=0.006 p=0.521 p=0.033
BMI (kg/m>) 28.26+6.18 27.29+3.45 27.15+4.20 p=0.741 p=0.547  p=0.993

Abbreviations: BMI, body mass index; SD, standard deviation; TyG, triglyceride-glucose index.
20ne-way ANOVA test was used to compare the groups. p <0.05 significant accepted. Bonferroni correction was applied for multiple comparisons; pairwise group
comparisons were performed using the Wilcoxon test, and significance was set at p <0.0167.
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FIGURE2 | Comparison of TyG index among parotid tumour subgroups and healthy controls.
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Importantly, multivariable analysis showed that the higher
TyG index observed in Warthin tumour patients could not be
explained by age alone, supporting a tumour-specific metabolic
association.

Warthin tumours and pleomorphic adenomas demonstrate dis-
tinct differences in clinical behaviours and treatment strategies.
Warthin tumours typically occur in older males, may present bi-
laterally or multifocally, and are strongly associated with smok-
ing [12]. Histologically, they are characterised by a bilayered
oncocytic epithelial lining and a prominent lymphoid stroma
[13]. The risk of malignant transformation is extremely low, with
reported rates below 0.1% [12].

In contrast, pleomorphic adenomas are characterised by a
mixed epithelial and mesenchymal composition. Their capsules
are often incomplete, allowing for microscopic extension of tu-
mour cells beyond the capsule. As such, insufficient excision
carries a high risk of recurrence, and long-standing lesions may
rarely undergo malignant transformation to carcinoma ex pleo-
morphic adenoma [14].

Differential diagnosis between Warthin tumour and pleomor-
phic adenoma carries significant clinical implications not only
histopathologically but also in terms of treatment decisions.
Pleomorphic adenomas are typically treated with surgical ex-
cision (total or superficial parotidectomy), while more conser-
vative approaches such as microwave ablation, radiofrequency
ablation, and sclerotherapy are increasingly used for Warthin
tumours. Recent literature supports active surveillance as an
appropriate management strategy in elderly and asymptomatic
patients with Warthin tumours. In this context, the integration
of a simple and non-invasive biomarker like the TyG index into
the diagnostic process may offer valuable support in clinical
decision-making [15].

Metabolic syndrome, chronic inflammation, and oxidative stress
have been implicated as contributing factors in the development
of various cancers [6]. The TyG index, as a simple, low-cost, and
widely applicable biochemical parameter, offers potential as a
non-invasive screening tool that could complement more com-
plex imaging techniques and invasive diagnostic procedures. As
the TyG index is calculated from fasting glucose and triglyceride
measurements, which are already included in routine biochem-
ical panels, it does not require any additional laboratory pro-
cedures. The combined cost of these two tests is low, generally
falling within the range of standard metabolic screening fees in
most healthcare systems, making TyG a cost-effective comple-
mentary parameter [16].

Ultrasound (USG) is commonly used in the diagnosis of pa-
rotid tumours due to its accessibility and low cost; however, it
has limitations in detecting deep lobe or multifocal lesions [17].
Magnetic resonance imaging (MRI) may be preferred in such
cases as it provides more detailed information regarding tumour
extent and internal structure [18]. Although fine-needle aspira-
tion biopsy (FNAB) demonstrates high diagnostic accuracy, its
sensitivity may be limited in certain benign lesions [17].

Given the limited sensitivity of FNAB in Warthin tumours, the
use of additional diagnostic parameters has gained importance.

In a study by Fois et al., the sensitivity of FNAB alone in di-
agnosing Warthin tumours was reported as 68.4%, but this in-
creased to 92.9% when clinical and ultrasonographic findings
were evaluated in a multiparametric approach [19]. In this con-
text, the TyG index obtained through a simple blood test may
offer a practical advantage as a supplementary diagnostic tool in
clinical workflows. However, the TyG index should not be con-
sidered a standalone diagnostic test; rather, it serves as a com-
plementary parameter that may enhance diagnostic confidence
when conventional imaging or FNAB findings are inconclusive.

Although no universally accepted algorithm exists for the man-
agement of non-diagnostic FNAB results in parotid tumours,
common clinical practice involves repeating FNAB under USG
guidance, as inadequate or acellular aspirates often improve
with repeat sampling [20]. When cytology remains inconclusive,
subsequent management typically depends on the presumed
underlying pathology. While the TyG index can be calculated
at any stage of evaluation, its clinical contribution is not uni-
versal; TyG values in the overall tumour cohort did not differ
significantly from those of healthy controls, indicating limited
value during the initial assessment. However, its practical utility
becomes more apparent in diagnostically ambiguous situations
such as inconclusive or discordant FNAB or imaging findings,
where metabolic differences between Warthin tumour and pleo-
morphic adenoma may meaningfully support decision-making.
In this context, a higher TyG value, suggestive of Warthin tu-
mour, may reduce the need for additional sampling and favour
a more conservative or surveillance-oriented approach, particu-
larly in older or asymptomatic patients. Conversely, lower TyG
values closer to those observed in pleomorphic adenoma may
strengthen indications for core needle biopsy or surgical exci-
sion, given the recurrence and rare malignant potential associ-
ated with pleomorphic adenoma. Thus, the TyG index offers a
complementary, low-cost tool that may help clinicians navigate
diagnostically challenging cases by aligning management with
the most likely tumour subtype (see Figure 3).

The relationship between the TyG index and malignancies has
been extensively investigated in the literature. For instance, a
study by Kim et al. demonstrated a significant association be-
tween an elevated TyG index and the development of gastric
cancer [21]. In colorectal cancer, a higher TyG index has been
correlated with advanced disease stage and poor prognosis [22].
Similarly, in breast cancer, elevated TyG values have been linked
to poorer clinical outcomes in hormone receptor-negative sub-
types [23]. In patients with hepatocellular carcinoma, the TyG
index has been identified as an independent predictor of recur-
rence and mortality [24].

In contrast, direct data on the diagnostic value of the TyG index
in benign tumours such as fibroadenomas or pleomorphic ad-
enomas remain limited. Therefore, further prospective studies
with larger sample sizes are needed to evaluate the potential of
the TyG index as a screening or differentiating biomarker in be-
nign parotid tumours.

To the best of our knowledge, this is the first study in the liter-
ature to evaluate the potential role of the TyG index in distin-
guishing between the two most common benign parotid gland
tumour subtypes: Warthin tumour and pleomorphic adenoma.
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FIGURE 3 | Proposed diagnostic algorithm incorporating the TyG index to support differentiation between Warthin tumour and pleomorphic

adenoma in diagnostically ambiguous cases.

Our findings provide preliminary evidence that a simple, non-
invasive, and cost-effective biochemical marker may be useful
in clinical practice.

The main limitations of our study include its retrospective de-
sign and relatively small sample size.

5 | Conclusion

This study provides a novel contribution to the literature as
one of the pioneering investigations exploring the use of the
TyG index in parotid gland tumours. To our knowledge, it is
among the first studies to evaluate the potential role of the
TyG index in differentiating between Warthin tumour and
pleomorphic adenoma, the most common benign tumours
of the parotid gland. Our findings demonstrate that the TyG
index is significantly elevated in patients with Warthin tu-
mour, suggesting that this simple, non-invasive biochemical
parameter may aid in the differential diagnosis of benign pa-
rotid neoplasms.
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