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Abstract

Purpose Recently, there has been an increase in the number of reported Warthin’s tumors, but few risk factors have been
described for this benign tumor. Yet, smoking is the only evidently identified risk factor. Obesity and the metabolic syndrome
are causally linked to or a risk factor for a variety of diseases. Therefore, we analyzed whether metabolic syndrome, including
obesity, might influence the incidence of Warthin’s tumors.

Methods In this retrospective study, we evaluated 197 patients with Warthin’s tumor. We assessed the tumor size, the body
mass index (BMI), comorbidities related to the metabolic syndrome, and cigarette and alcohol consumption. Additionally,
we evaluated several blood parameters and their influence.

Results Warthin’s tumor patients had a significantly higher BMI in comparison to patients with other benign parotid gland
tumors (29.1 versus 26.2, p <0.0001). The rate of metabolic syndrome-associated comorbidities was higher in Warthin’s
tumor patients (62.4% versus 35.2%, p <0.0001).

Conclusion Our results might be the first step to recognize obesity and its consequences as a co-driver in the formation
of Warthin’s tumors. Nevertheless, further studies are requested to validate our results and to answer the question whether
obesity or the metabolic syndrome are integrally linked to Warthin’s tumors.
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Introduction

Tumors of the parotid gland are rare, and the vast majority
are of benign origin [1, 2]. Two different histologic sub-
types, pleomorphic adenoma (PA) and Warthin’s tumor
(WT), compose the plethora of all benign lesions located in
the parotid gland. These account for over 95% of all tumors
[3]. Until now, the PA is reported to be the most frequent
neoplastic formation and represents 52-94% of all benign
parotid gland tumors [1, 4].
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According to recent relevant literature, WT is the second
most common tumor of the parotid gland, with a median age
of disease onset at 60 years [5]. WTs tend to show a bilateral
or multilocular growth in contrast to PAs. Recently, Luers
and coworkers described the rising incidences of WTs in
the past 25 years in comparison to PAs [4]. The results of
this study show an increase of WT from 24% of all parotid
gland tumors in 1990 to 48% in 2014. We were also able to
observe an increasing trend in the incidence of WT at our
institution [6].

Currently, tobacco smoking is the major risk factor that is
associated with the development of a WT [7, 8]. However,
smoking behavior might not serve as a single explanation for
the rising incidences of WTs. According to the available data
about smokers in Austria published by the federal statistical
office “Statistics Austria” (http://statistik.at/web_en/statistics
/index.html), there has not been a dramatic change in relative
(23.5% in 1972 versus 24.3% in 2014) and absolute numbers
(1,770,000 in 1972 and 2,075,000 in 2014) of smokers in
Austria. Therefore, it is necessary to evaluate other factors
that might influence the development of WTs.
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The typical modern, western lifestyle has led to increasing
numbers of obese patients. It is well established that patients
with metabolic syndrome have a higher risk of developing
cardiovascular, inflammatory or malignant diseases [9]. It is
estimated that there are more than 600 million obese patients
worldwide [10]. Obesity is intrinsically linked with meta-
bolic syndrome [11]. Metabolic syndrome is defined as a
cluster of visceral obesity, dyslipidemia, hyperglycemia, and
hypertension [12].

Since WT, obese and metabolic syndrome patient’s num-
bers have been increasing over the last decades, we hypoth-
esized about a potential association between these diseases.
To achieve this, we aimed to investigate several factors that
are linked to the metabolic syndrome and obesity in patients
with WTs.

Materials and methods
Patients

This retrospective study was performed at the Medical Uni-
versity of Vienna. All patients that underwent parotid gland
surgery because of a WT in the period between 2000 and
2015 were included. In the case of bilateral WTs, data were
obtained from reports at the time of the first performed sur-
gery. Moreover, the incidence rates of WT between the years
1960 and 2015 in comparison to all other benign parotid
gland neoplasms were analyzed. Patients with other benign
parotid gland tumors served as a reference group. Patients
with insufficient medical reports were excluded from the
analysis. Approval was obtained from the institutional
research board (EK1926/2015).

Clinical data

Hospital medical records were analyzed for sociodemo-
graphic characteristics. Moreover, medical reports were sur-
veyed for the size and weight of the patients. Consecutively,
the body mass index (BMI) was calculated. According to the
WHO, a BMI> 25 was classified as overweight and > 30 as
obese. Each patient’s medical history was investigated for
comorbidities that are associated with metabolic syndrome
(e.g., coronary heart disease, peripheral vascular disease
stroke, diabetes), smoking behavior (cigarettes per day), and
alcohol consumption (never, occasionally or daily). Heavy
smoking was defined as more than ten cigarettes per day.
Also, tumor size was obtained from histopathological and
medical imaging findings. The largest transversal diameter
was taken into consideration for statistical analysis. Since
the modern, western lifestyle affects multiple metabolic and
inflammatory processes, we analyzed the patient’s laboratory
findings for the levels of the following parameters: high- and
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low-density lipoprotein (HDL&LDL), total serum choles-
terol, triglyceride, glycated hemoglobin (HbA,_), gamma-
glutamyl transpeptidase, aspartate transaminase, alanine
transaminase, fibrinogen, C-reactive protein, and erythrocyte
sedimentation rate after 1 and 2 h.

Statistics

Descriptive statistics were used to analyze data. Mean,
median, minimum, and maximum were calculated for all
numeric variables. Moreover, we compared all assessed vari-
ables between WT patients and all other patients with benign
lesions located in the parotid gland. Categorical variables
were compared with a Fisher’s exact test. Since BMI and all
blood parameters are normally distributed, an independent ¢
test was used to evaluate a possible difference between both
groups. If more than two groups were compared, a one-way
ANOVA analysis was performed. To measure a potential
correlation between two variables within the WT patient
population, the Pearson correlation coefficient R was calcu-
lated. SPSS software (Version 21.0; SPSS, Inc., Chicago, IL)
and Prism GraphPad software (GraphPad Software, Inc., La
Jolla, CA) were used to analyze the data.

Results
The incidence of Warthin’s tumors and patient data

A total of 919 patients with benign parotid gland tumors
underwent surgery at the General Hospital of Vienna
between the years 1960 and 2015 (Fig. 1). Three hundred
eighty (41.3%) out of 919 patients were diagnosed with a
WT (Fig. 2). It was possible to observe a steady increase
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Fig.1 The percentage share of Warthin’s tumor patients compared
with benign parotid gland tumors over time. The dotted line shows
the percentage of smokers in Austria
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Fig.2 Flowchart of study 919 patients with benign parotid gland tumors were

enrollment, showing the design assessed for eligibility (1960-2015)
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of incidences of WTs. The percentage of diagnosed WTs
increased from 9.1% in the early 1960s to over 50% in the
2000s. In 2015, 60.6% of all parotid gland tumors were
diagnosed as WT. Most of our patients had a PA of the
parotid gland (n =514, 55.9%). Ten patients (1.2%) were
either diagnosed as basal cell adenoma or oncocytoma, three
patients (0.3%) as sebaceous adenoma, and two patients
(0.2%) as canalicular adenoma. WT patients had a mean
age of 59.4 years (range, 18.6-87.6 years), whereas all
other patients had a mean age of 51.0 years at the time of
surgery (range, 18.1-89.5 years). Male patients were more
frequently diagnosed with a WT (n=217/380, 57.1%), in
contrast to other benign tumors where the percentage of
males was 40.8% (n=220/539).

The medical charts of those patients treated in the years
between 2000 and 2015 were analyzed for sociodemo-
graphic, clinical, and blood parameters (Table 1). Therefore,
it was possible to assess the data of 197 WT patients and 145
patients with other benign neoplasms of the parotid gland.

Comparison of patients with Warthin’s tumor
and benign parotid gland tumors

First, smoking behavior and alcohol consumption were
evaluated. The WT patients included a higher percentage
of heavy smokers. A total of 136 (69.0%) patients smoked

Table 1 Demographic and clinical data of Warthin’s tumor patients
in comparison to other benign parotid gland tumor patients treated
between the years 2000 and 2015

Warthin’s tumor Benign
parotid gland
tumors

Total no. of patients 197 145
Sex
Female 79 (40.1%) 86 (59.3%)
Male 118 (59.9%) 59 (40.7%)
Age (years)
Mean 60.1 47.0
Median 60.0 45.1
Range 36.1-87.3 18.1-84.4
Smokers
> 10 cigarettes/day 136 (69.0%) 43 (29.7%)
< 10 cigarettes/day 26 (13.2%) 16 (11.0%)
Non smokers 35 (17.8%) 86 (59.3%)
Alcohol consumption
Daily 22 (11.2%) 12 (8.3%)
Occasionally 144 (73.1%) 78 (53.8%)
Never 31 (15.7%) 55 (37.9%)
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more than ten cigarettes per day. In comparison, only 43
patients (29.7%) of the other group were excessive smokers
(»<0.0001). Daily alcohol consumption could be assessed
in 22 patients with WT (11.2%) and 12 patients (8.2%) of
the other group (p =0.4655).

Moreover, we wanted to gain insight into the comorbidi-
ties of our patient cohort. In particular, we evaluated dis-
eases that are associated with metabolic syndrome. A total
of 123 patients (62.4%) with WTs were diagnosed with
diseases associated with metabolic syndrome, compared to
only 28 (19.3%) patients in the control group (p <0.0001).
Since the prevalence of metabolic syndrome increases with
age and WT patients had a higher mean age, we excluded all
young patients (<45 years) from both groups. Thus, of the
remaining 74 patients with benign parotid gland tumors, 26
(35.1%) had a patient’s history of diseases associated with
metabolic syndrome. A total of 188 patients with a WT were
older than 45 years and 122 patients (64.9%) suffered from
a disease associated with the metabolic syndrome. Fisher’s
exact test also showed a statistically significant difference in
the prevalence between WT and other parotid gland tumors
(p<0.0001).

Evaluation of the BMI revealed a higher BMI in patients
with WTs. Patients with a WT had a mean BMI of 29.1
(range, 19.1-50.9) in comparison to a mean BMI of 26.2
(range, 14.9-45.7) in the control group. An independent ¢
test revealed a significant difference in BMI between patients
with a WT and other parotid gland tumors (p <0.0001).
Additionally, 75 WT patients (39.9%) were classified as
overweight and 74 (39.4%) patients as obese. We could
observe a similar percentage of overweight patients (37.8%,
n=28) in the control group, but only 13.5% (n=10) had a
BMI > 30.

Furthermore, we evaluated the above blood parameters in
both groups. Detailed results of this analysis are shown in
Table 2. We could detect statistically significant differences
for HDL and triglyceride.

Influence of parameters on the size of Warthin'’s
tumor

Subsequently, we wanted to evaluate whether these
parameters affect tumor size. The mean tumor size of all
WT patients was 23.8 mm (range, 5-55 mm). Since WT
patients presented with a higher BMI, we wanted to deter-
mine whether higher BMI affects tumor size. Therefore, WT
patients were stratified into three groups: (1) normal weight,
(2) overweight, and (3) obese. Normal weight patients had
a mean tumor size of 18.0 mm (range, 5-35 mm), whereas
overweight WT patients had a mean tumor size of 23.0 mm
(range, 7-53 mm). Obese patients showed the highest mean
tumor size (27.7 mm; range, 12-55 mm). One-way ANOVA
analysis detected a significant difference between these three
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Table 2 Statistical analysis of differences in body mass index and
blood parameters between Warthin’s tumor and other benign parotid
gland tumor patients (>45 years)

Warthin’s tumor Benign tumors p value

Mean (=SEM) Mean (= SEM)
BMI 29.1 (20.4) 26.18 (+0.6) <0.0001
HDL (mg/dL) 50.3 (=1.6) 63.10 (+4.4) 0.0009
LDL (mg/dL) 130.1 (£5.8) 134.10 (=7.1) 0.7490
Total cholesterol (mg/  213.3 (£5.0) 208.2 (=7.7) 0.5887

dL)

Triglyceride (mg/dL)  171.5 (=11.0) 119.4 (£8.0) 0.0088
HbA, (%) 6.7 (+0.3) 6.6 (+0.3) 0.7773
GGT (U/L) 46.2 (+5.1) 3235 (%3.9) 0.2514
ASAT (U/L) 26.5 (+1.5) 24.9 (+2.0) 0.4466
ALAT (U/L) 253 (x1.1) 242 (£1.7) 0.2534
Fibrinogen (mg/dL) 389.3 (£8.2) 339.5 (x12.6) 0.0979
CRP (mg/dL) 0.9 (x£0.1) 0.5 (x0.2) 0.0891
ESR after 1 h (mm/h) 12.1 (20.9) 10.3 (+1.6) 0.3206
ESR after 2 h (mm/h) 25.5(+1.6) 21.1(£2.3) 0.0955

SEM standard error of the mean, BMI body mass index, HDL high-
density lipoprotein, LDL low-density lipoprotein, HbA,, glycated
hemoglobin, GGT gamma-glutamyl transpeptidase, ASAT aspartate
transaminase, ALAT alanine transaminase, CRP C-reactive protein,
ESR erythrocyte sedimentation rate

groups (p =0.0299). To evaluate a direct link between BMI
and tumor size, Pearson’s correlation coefficient R was cal-
culated. However, it was not possible to detect a direct corre-
lation between BMI and tumor size (r=0.4195, p <0.0001).

Also, we evaluated the effect of elevated blood test
parameters on tumor size. Among the tested parameters,
only patients with elevated fibrinogen levels had a signifi-
cantly larger tumor size (p =0.0457). It was not possible to
detect a direct correlation between any blood test parameter
and tumor size. These results are shown in Table 3.

Discussion

Until now, pleomorphic adenoma has been reported to
be the most frequent histologic subtype of benign parotid
gland tumors [13, 14]. The incidence rate of pleomorphic
adenomas varies between 52 and 94% [1, 4]. Most recently,
Luers and colleagues were able to document increasing
incidence rates of WT in their retrospective study over the
past 25 years. It was possible to detect an increasing propor-
tion of WT patients from 24% in 1990 to 48% in 2014 [4].
Other studies have reported an analogical gradient of WT
incidences [15]. It was possible to detect similar findings
in our cohort. Nowadays, WT patients represent the most
common histologic subtype at our institution. However, this
is a single-institution experience, and to date, there are no
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of the nfuence o evlusted Mean tumor size (mm) pvdve

parameters on Warthin’s tumor Normal values Pathologic values

e BMI (> 25, >30) 18.0 23.0 277 0.0299 0.4195
HDL (55 mg/dL) 22.3 243 0.5967 —0.1887
LDL (160 mg/dL) 24.0 24.1 0.9778 —0.1432
Total Cholesterol (200 mg/dL) 229 25.0 0.2546 —0.2038
Triglyceride (150 mg/dL) 22.6 25.6 0.1235 0.0915
HbA,, (6%) 23.0 275 0.2825 0.1205
GGT (60 U/L) 24.0 24.1 0.9834 0.1112
ASAT (50 U/L) 23.8 26.1 0.4879 0.0373
ALAT (50 U/L) 23.4 25.1 0.2422 0.1255
Fibrinogen (400 mg/dl) 22.8 26.1 0.0457 0.1267
CRP (0.5 mg/dL) 239 26.4 0.2350 0.0353
ESR after 1 h (10 mm/h) 22.7 24.6 0.3086 0.0133
ESR after 2 h (20 mm/h) 229 24.3 0.4675 0.0315

Values in brackets present the upper limit of the reference range for each parameter and are accordingly
subdivided into normal and pathologic values

r Pearson correlation coefficient r, BMI body mass index, HDL high-density lipoprotein, LDL low-density
lipoprotein, HbA,, glycated hemoglobin, GGT gamma-glutamyl transpeptidase, ASAT aspartate transami-
nase, ALAT alanine transaminase, CRP C-reactive protein, ESR erythrocyte sedimentation rate

multicenter epidemiological studies that have addressed this
matter.

Therefore, we wanted to analyze the potential causes for
this development. Currently, the relevant literature postulates
tobacco smoking as the main risk factor for WT develop-
ment [16, 17]. Our results demonstrate that WT patients
show a higher percentage of smokers than other benign
parotid gland tumor patients. These findings underline that
smoking is associated with an increased risk of developing
aWT.

However, statistics about the smoking behavior in Aus-
tria report only a marginal change in the percentage of
smokers (from 23.5% in 1972 to 24.3% in 2014). This
corresponds to an increase of 1.2 in absolute terms, but it
is now possible to detect 3.9 times as many WT patients
compared to the 1970s. Even population growth might
not serve as an explanation for the rising numbers of WT
patients. In particular, only 1.2 times as many people live
in Austria in 2015 compared to 1970. Thus, we hypoth-
esized that other factors are responsible for the increasing
incidence of WT patients at our institution. Since diet and
lifestyle are adversely associated with increasing numbers
of many diseases in Western countries over the past few
decades, we wanted to assess the influence of these condi-
tions on WT patients. In the USA, the prevalence of the
metabolic syndrome is reported to affect more than one-
third of the adult population [18]. It is well known that
metabolic syndrome is linked to an impressive number
of diseases, and inflammatory processes often contribute
to them. In our study, WT patients showed a significantly

higher percentage of patients with a history positive for
diseases associated with metabolic syndrome. This dif-
ference remained statistically significant even after the
exclusion of young patients in the control group. Moreo-
ver, we were able to detect a significantly higher BMI in
patients with WTs in comparison to patients with other
parotid gland neoplasms; the mean BMI of WT patients
was 1.1 times higher. Due to the retrospective character of
our study, it was not possible to examine nutritional habits
of our patients. Only smoking and alcohol drinking are
routinely assessed at our institution. This has to be further
investigated in prospective studies.

Consecutively, we assessed the effects of our evaluated
parameters on tumor size. Here, it was possible to observe
a potential link between being overweight and obese with
tumor size. However, delayed detection and diagnosis in
more obese patients might serve as a possible explanation
for these results, rather than a direct link to obesity. Thus,
these results have to be evaluated very carefully since this
might be a relevant bias for this association.

Our findings are contrary to some of the published lit-
erature about differences between WT and PA. In 2006,
Teymoortash and coworkers detected no differences in the
incidence of concomitant diseases or blood parameters when
comparing WT and PA [19].

However, based on their published data, the percentage
of WT and PA patients with diseases associated with the
metabolic syndrome (hypertension, diabetes, coronary heart
disease) seems to be comparable to our cohort (WT 56.8%
vs. PA 28.6%). Further studies are required to exemplify the
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molecular pathogenesis of WTs and to prove a causal link
between WTs and obesity.

In conclusion, smoking remains a key risk factor for the
development of WTs. However, rising incidences cannot
be solely explained by tobacco smoking. In this retrospec-
tive study, we were able to detect a possible link between
metabolic syndrome, and in particular for the overweight,
with the increasing incidences of WT patients. It should
be emphasized that this work is intended as a hypothesis-
generating study.
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