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Oral mucosal health in acromegaly: clinical
insights and metabolic associations
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Abstract

Objectives This study aimed to evaluate oral mucosal lesions, dental status, and metabolic associations in patients
with acromegaly, and to explore the impact of treatment and comorbidities.

Materials and methods This prospective case-control study included acromegaly patients and healthy controls.
Oral health assessment was performed using the DMFT index, the Periodontal Screening Index (PSI), and the Plaque
Index (PI).Oral hygiene practices were assessed through a structured questionnaire. Laboratory parameters, including
GH, IGF-1, ACTH, cortisol, TSH, T4, fasting glucose, and HbA1c, were measured. Statistical analysis included group
comparisons and correlation assessments with significance set at p <0.05.

Results There were no significant differences between groups in oral hygiene scores, DMFT values, PSI, or Pl scores
(p>0.05). However, macroglossia (82.9%) and fissured tongue (51.4%) were significantly more common in patients
with acromegaly (p <0.001). In the acromegaly group, no significant associations were found between DMFT scores
and clinical or hormonal parameters and a negative correlation was observed between oral hygiene and PSI scores
(p<0.05), and a positive correlation between Pl and PSI scores (p <0.001). No significant correlations were observed in
the control group.

Conclusion Tongue lesions were significantly more prevalent in patients with acromegaly, regardless of disease
status or treatment. While general oral health parameters were similar between groups, periodontal inflammation
in acromegaly was linked to poor oral hygiene. These findings suggest that acromegaly may be a risk factor for
periodontal disease. Routine oral health monitoring is essential in this population.
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Introduction

Acromegaly presents as a chronic endocrine disorder
characterised by hypersecretion of growth hormone
(GH) and insulin-like growth factor-1 (IGF-1), primarily
induced by a GH-secreting pituitary adenoma. Predomi-
nantly originating in the anterior pituitary gland, these
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and a complex spectrum of systemic comorbidities [1, 2].
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These somatic alterations often develop slowly, leading to
diagnostic delays. Predominantly, early signs of acromeg-
aly include facial dysmorphisms, orodental manifesta-
tions, extremity enlargement, and soft tissue hypertrophy
[3]. Notably, soft tissue hypertrophy in the craniofacial
and cervical regions, along with skeletal overgrowth, par-
ticularly evident in the cranium, stand out as prominent
features of the disorder [4].

Orofacial findings are common in acromegaly and
include mandibular prognathism, diastema, malocclu-
sion, macroglossia, temporomandibular joint pain, and
facial dysmorphism [4-7]. The prevalence and progres-
sion of these clinical findings across various disease
stages (active, remission, and recovery) have been exten-
sively studied [4]. Oral findings are among the earliest
signs in approximately 10-20% of individuals and may
be present in as many as 80% at diagnosis [4, 8—11]. Cra-
niofacial features such as jaw enlargement, buccal tipping
of the mandibular teeth, and enlarged pulp chambers
(taurodontism) have also been documented radiographi-
cally [1, 5, 7, 12-16]. Although oral tissues are frequently
affected, tongue lesions other than macroglossia (e.g., fis-
sured tongue, hairy tongue) and lip conditions other than
macrocheilia (e.g., angular cheilitis, actinic cheilitis) have
not been comprehensively evaluated in patients with
acromegaly.

Patients with acromegaly may experience multiple
endocrine deficiencies following surgical interventions
or radiotherapy. Hypothyroidism, often associated with
pronounced xerostomia [17], can contribute to poor
oral hygiene and increased susceptibility to dental car-
ies. Similarly, oral mucosal complications resulting from
late-onset diabetes mellitus and the administration of
somatostatin receptor ligands, which reduce general
secretions as part of disease management ([18]- [19]),
can exacerbate dry mouth and related dental issues.

Studies investigating oral and dental health in acro-
megaly are quite limited and have primarily relied on
self-reported data obtained through questionnaires
[4, 20]. Clinical data derived from professional dental
examinations remain scarce. Survey-based studies have
reported orodental symptoms in 37-48% of patients,
with the most common complaints being difficulties in
eating, speech problems, and dissatisfaction with dental
aesthetics. Studies involving intraoral physical examina-
tions have mainly focused on periodontal health [11, 21].

The effects of GH and IGF-1 on periodontal tissues
remain controversial. While some studies suggest that
gingival overgrowth may predispose individuals to peri-
odontitis, others propose a protective role, possibly due
to increased soft tissue volume and thick gingival biotype
[21, 22]. When evaluating the impact of acromegaly on
dental and periodontal tissues, factors such as patients’
perceived importance of oral health, hygiene behaviours,
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and the presence of xerostomia should also be taken into
consideration.

This study aimed to evaluate oral mucosal lesions and
dental health in patients with acromegaly compared to
healthy controls. Specifically, we sought to determine
the prevalence of soft tissue lesions, assess oral hygiene
behaviours and dental status using objective indices
(DMFT, PSI, PI), and explore potential associations
with biochemical parameters (IGF-1, GH, ACTH, corti-
sol), disease activity, treatment modalities, and comor-
bid (xserestomia etc.) conditions. We hypothesised that
patients with acromegaly would exhibit a higher preva-
lence of oral mucosal lesions and compromised dental
and periodontal health compared to controls, indepen-
dent of disease activity or hormonal control.

Methods

Approval for the prospective case-control study was
obtained from the Health Sciences University Ankara
City Hospital Ethics Committee for Clinical Research
(approval ID: E2-22-2670, November 23, 2022).The study
was conducted between November 2022 and April 2023
in the Endocrinology and Metabolism and Internal Med-
icine departments of Ankara City Hospital.

Adult patients aged 18 years and older diagnosed with
acromegaly, either as outpatients or inpatients, were
included in the study. Participants in the control group
were healthy adults (> 18 years), matched by age and gen-
der, with no diagnosis of acromegaly, no chronic condi-
tions, and no regular medication use. Patients without
accessible hospital records were excluded. All partici-
pants provided written informed consent after receiving
comprehensive information about the study. The study
adhered to the principles of the Declaration of Helsinki.

Sample size calculation was performed using G*Power
3.1 software with an alpha level of 0.05 and statisti-
cal power of 80% [23]. For a large effect size, approxi-
mately 26 participants per group were required. The
study included 36 patients in the acromegaly group,
which meets the sample size requirement under this
assumption.

Laboratory measurements

After an overnight fasting period of no less than 8 h,
venous blood samples for laboratory testing were col-
lected between 8:00 and 10:00 AM. The parameters
measured included levels of growth hormone (GH),
insulin-like growth factor-1 (IGF-1), adrenocortico-
tropic hormone (ACTH), cortisol, thyroid-stimulating
hormone (TSH), thyroxine (T4), fasting blood glucose
concentration, HbAlc levels, and bone mineral density
(BMD). Outcomes were meticulously documented. BMD
measurements were conducted utilising dual-energy
X-ray absorptiometry (DEXA) to evaluate the density of
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vertebral and femoral bones. GH, IGF-1, ACTH, corti-
sol, TSH, and T4 levels were quantified utilising Radio-
immunoassay (RIA) methodology, while HbAlc levels
were assessed through electrophoresis techniques. In
patients not undergoing treatment with somatosta-
tin receptor ligands, remission was defined as GH lev-
els staying within the normal range., and the lowest GH
level observed during a 75-gram oral glucose tolerance
test (OGTT) without medication fell below 1 pg/L. In
patients receiving SSRL, remission was defined as a nor-
mal IGF1 level. This subgroup of patients was classified
as being in remission, while those not meeting these cri-
teria were categorised as having persistent or recurrent
disease.

Data collection

Demographic information, comprising age, gender, and
educational level, were systematically recorded. Clini-
cal data such as disease status (remission, persistent, or
recurrent), treatment modalities, history of surgery or
radiotherapy, presence of panhypopituitarism, medica-
tions, and comorbidities were also collected.

Participants were provided with a 6-item question-
naire to complete. The initial section of the questionnaire
gathered sociodemographic information, comprising age,
gender, and level of education. The subsequent section
evaluated participants’ oral hygiene practices, encom-
passing parameters such as the frequency of tooth brush-
ing, flossing, tongue cleaning, mouthwash utilisation,
frequency of dental check-ups, and consumption of sug-
ary foods (refer to Appendix 1 for details). Each response
in the questionnaire was assigned numerical values based
on a devised scoring system, as outlined in Appendix 1.
The total score ranged from 0 to 18, with higher scores
indicative of better oral hygiene practices and lower
scores suggesting poorer oral hygiene.

The oral hygiene questionnaire was newly developed
for the purpose of this study. To ensure content valid-
ity, it was reviewed by two experts in oral and maxillofa-
cial radiology and one expert in periodontology. A pilot
test was conducted with 10 individuals from a popula-
tion similar to the study sample to assess the clarity and
internal consistency of the items. Based on the feedback,
minor modifications were made to improve comprehen-
sion and item relevance. The finalised questionnaire con-
sisted of six items, with total scores ranging from 0 to 18.

Oral examination

All oral examinations were conducted by a single exam-
iner, a Professor in the Department of Oral Diagnosis and
Maxillofacial Radiology with clinical experience since
2002. Examinations took place in the dental clinic unit of
Ankara City Hospital under adequate illumination, utilis-
ing a dental mirror, dental probe, and a North Carolina
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15 periodontal probe. Oral health parameters were sys-
tematically recorded, including dental caries, periodontal
health, and presence of removable and fixed prostheses.
Additionally, participants were asked about smoking,
alcohol consumption, and xerostomia (dry mouth).

The DMFT (decayed, missing, filled teeth) index was
used to assess dental caries [10—-24]. The DMFT index
is calculated using the formula: DMFT = (D + M + F)/T,
where D denotes decayed teeth, M denotes missing teeth,
F denotes filled teeth, and T denotes the total number of
individuals examined.

Clinical periodontal health was assessed using the
periodontal screening index (PSI) [11-25] and plaque
index (PI) [12-26] scores. The PSI scoring system stages
periodontal tissues from O to 4, with stage O represent-
ing periodontally healthy tissue, stages 1 and 2 indicat-
ing gingivitis, and stages 3 and 4 indicating periodontitis
(inflammation of the gum and supporting alveolar bone).
The PI serves as an objective clinical assessment tool
for oral hygiene, scoring plaque accumulation caused
by food debris on tooth surfaces from 0 to 3, with lower
values indicating clean teeth and higher values indicat-
ing uncleaned teeth. All measurements were conducted
using a periodontal probe on one premolar and one
molar tooth in each quadrant of the upper and lower
jaws.

Although oral indices such as DMFT, PSI, and PI were
the primary focus relevant to the study aims, other oral
findings, including removable and fixed prostheses, and
pericoronitis, were also documented to provide a com-
prehensive overview of oral health status. These findings
were reported descriptively and were not included in the
main statistical analyses as they lie outside the primary
objectives.

Intra-rater reliability was evaluated by re-examining
20% of participants after a two-week interval. The Intra-
class Correlation Coefficient (ICC) was calculated for
continuous variables (DMFT, PSI, and PI scores), show-
ing excellent reliability with ICC values above 0.85.
Cohen’s Kappa was used for categorical variables, indi-
cating substantial agreement (kappa>0.75). Due to the
single-examiner design, inter-rater reliability was not
applicable.

Statistical analysis

All statistical analyses were carried out using IBM SPSS
Statistics version 20 (Chicago, IL, USA). Continuous
variables are summarized as mean +tstandard deviation,
as well as median, minimum, and maximum values, while
categorical variables are expressed as frequencies and
percentages. The Shapiro—Wilk test was applied to deter-
mine the normality of continuous data distributions.
Comparisons between patients and controls were per-
formed with an independent samples t-test for normally
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Table 1 Clinical characteristics of patients
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Table 2 Comparisons of age, gender, TSH, T4, HbAc, Fasting-

n=35 Mean +SD Glucose, creatinine values in patient and control groups
IGF-1 219.71+108.50 Patient Control p
GH (n=34) 191+267 Mean+SD Mean+SD
n % Age 51.37£9.59 47.55+5.08 0.059
Remission TSH 1.54+1.03 2.11+0.96 0.034
In remission 29 829 T4 117024 1.17+£0.14 0.624
Persistent/Recurrent 6 171 HbA1c 6.09+0.84 552+0.34 0.002
Surgery Fasting Blood Glucose 103.54£27.55 88.15+£11.01 0.020
Absent 2 5.7 Creatinine 0.79+0.18 0.80+0.12 0.753
Transsphenoidal (once) 26 743 n % n %
Transsphenoidal (twice) 7 200 Gender
Use of somatostatin Female 16 457 10 50 0.759
Absent 17 486 Male 19 54.3 10 50
Present 18 514 SD Standard deviation, TSH Thyroid-stimulating hormone, T4 Thyroxine, HbATc
Types of SRL Glycated hemoglobin, n Noun
Absent 17 486
Octreotide 10 286 Table 3 Comparison of Oral-Hygiene scores and DMFT scores in
Lanreotide 5 143 patient and control groups
Octreotide + Cabergoline 3 86 Patient Control p
Radiotherapy Mean+SD Mean+SD
Absent 32 914 Oral Hygiene Score 6.60+3.29 7.30+2.90 0443
Present 3 36 DMFT 1443+£10.18 12.60+8.69 0611

n number of subjects, SD Standard deviation, /GF-1 Insulin-like growth factor-1,
GH Growth hormone

distributed variables and with a Mann—Whitney U test
for skewed distributions. When comparisons involved
more than two groups, the Kruskal-Wallis test was used.
Associations between categorical variables were exam-
ined with Chi-square or Fisher’s Exact tests, as appro-
priate. Relationships between continuous variables were
assessed using Spearman’s rank correlation. In addition,
univariate logistic regression analyses were conducted to
explore potential risk factors related to macroglossia and
xerostomia. Although the control group size was smaller
than that of the acromegaly group, appropriate statistical
methods were used to address this imbalance. Specifi-
cally, non-parametric tests such as the Mann-Whitney U
test and Kruskal-Wallis analysis were employed, as they
are less sensitive to unequal sample sizes and non-normal
distributions. This approach ensured reliable compari-
sons despite the group size discrepancy. Statistical sig-
nificance was set at p <0.05.

Results

The study included 35 patients with acromegaly and
20 healthy controls. The mean age of patients was
51.37+£9.59 years, with no significant difference com-
pared to controls (p>0.05). The average disease dura-
tion was 11.80+7.07 years. Among patients, 45.7% were
female, 54.3% male, and 88.6% were married. Over half
of the patients (54.3%) were university graduates. Clinical
characteristics are summarised in Table 1.

Oral Hygiene Score: Each response was scored according to a defined system
(see Appendix 1). Total scores ranged from 0 to 18, with higher scores indicating
better oral hygiene practices and lower scores reflecting poorer oral hygiene

SD Standard deviation, DMFT Decayed, missing, and filled teeth index

Most patients (82.9%) achieved remission. Macroade-
nomas were present in 88.6%, and 51.4% used somatosta-
tin analogues. Comorbidities included Diabetes Mellitus
(37.1%), hypothyroidism (37.1%), coronary artery dis-
ease (22.9%), hypertension (20%), adrenal insufficiency
(14.3%), gonadal insufficiency (5.5%), and panhypopitu-
itarism (5.7%).

Laboratory findings revealed significantly lower TSH
levels in patients compared to controls (p<0.05), while
T4 levels showed no significant difference (p>0.05)
(Table 2). HbAlc and fasting glucose levels were sig-
nificantly higher in patients than controls (p<0.01 and
p<0.05, respectively), with no differences in creatinine
levels (p >0.05).

Oral hygiene scores and DMFT values showed no sig-
nificant differences between groups (p>0.05) (Table 3).
However, tongue lesions, particularly macroglos-
sia (82.9%) and fissured tongue (51.4%), were signifi-
cantly more prevalent in patients compared to controls
(p<0.001) (Table 4). No tongue lesions were detected in
controls.

The Periodontal Screening Index (PSI) and plaque
index scores did not differ significantly between groups
(p>0.05) (Table 5). Similarly, the prevalence of dry
mouth, smoking, and alcohol use showed no significant
differences (p >0.05).
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Table 4 Comparison of oral lesion findings in patient and
control groups

Patient Control p
n % n %

Macroglossia
Absent 6 17.1 20 100 <0.001
Present 29 829 0 0

Fissured Tongue
Absent 17 486 20 100 <0.001
Present 18 514 0 0

Black Hairy Tongue
Absent 30 85.7 20 100 0.147
Present 5 14.3 0 0

Crenated Tongue
Absent 33 94.3 20 100 0.529
Present 2 5.7 0 0

Varicose
Absent 34 97.1 20 100 1.000
Present 1 29 0 0

Tongue lesion
Absent 6 17.1 20 100 <0.001
Present 29 829 0 0

Angular Cheilitis
Absent 32 914 20 100 0.293
Present 3 8.6 0 0

Actinic Cheilitis
Absent 32 94 20 100 0.293
Present 3 8.6 0 0

Macrochelia
Absent 34 97.1 20 100 1.000
Present 1 29 0 0

Lip Lesion
Absent 31 88.6 20 100 0.285
Present 4 114 0 0

Buccal Lesion
Absent 33 94.3 18 90.0 0.616
Present 2 5.7 2 10.0

Other Lesion
Absent 31 88.6 20 100 1.000
Present 4 114 0 0

nNoun

In patients, DMFT scores did not differ significantly
based on remission status, dry mouth, surgical history,
somatostatin use, radiotherapy, comorbidities, or smok-
ing status (p >0.05 for all comparisons) (Table 6).

Correlation analysis revealed no significant associa-
tions between DMFT scores and disease duration, IGF-1,
GH, cortisol, ACTH levels, oral hygiene, plaque index, or
PSI scores (p>0.05). A negative correlation was observed
between oral hygiene scores and PSI scores (p<0.05),
and a positive correlation between plaque index and PSI
scores (p<0.001) in patients (Table 7). No significant cor-
relations were found among oral hygiene, plaque index,
PSI, or DMFT scores in controls (p>0.05) (Table 8).

Page 5 of 12

Table 5 Comparison of periodontal screening index, plaque
index, dry mouth, smoking and alcohol findings in patient and
control groups

Patient Control p
n % n %
Periodontal Screening Index
0 7 200 0 0 0.061
1 8 229 3 15.0
2 8 229 5 250
3 8 229 11 550
4 4 113 1 5.0
Plague Index
0 3 8.6 0 0 0.200
1 10 286 2 10.0
2 11 314 9 45.0
3 11 314 9 45.0
Xerostomia
Absent 17 48.6 12 60.0 0414
Present 18 514 8 40.0
Smoking
Absent 24 68.6 9 45.0 0.086
Present 11 314 1 55.0
Alcohol
Absent 34 97.1 16 80.0 0.053
Present 1 29 4 20.0
nNoun

DMEFT scores did not differ significantly in controls with
or without dry mouth (p>0.05) (Table 9).

Discussion

This study aims to investigate the relationship between
oral mucosal lesions, disease activity, and laboratory
parameters in acromegaly patients. It is the first study
in the literature comparing oral hygiene, dental scores,
and lesions in acromegaly patients with a control group
and exploring their relationship with disease parameters.
By examining the frequency and variety of oral mucosal
lesions in acromegaly patients, this study seeks to evalu-
ate the potential impact of these lesions on the disease
prognosis.

In our study, the mean age of the patients was 51.37 +
9.59 years, with a minimum age of 31 and a maximum
age of 65. The duration of the disease averaged 11.80
years with a standard deviation of 7.07, with a mini-
mum duration of 0.3 years and a maximum of 25 years.
In a study conducted in Turkey, a total of 547 acro-
megaly patients from 10 different centres were included
(Gender, n (%): female, 300 (55%); male, 247 (45%)). The
median follow-up duration was 8 years (range 0-32), the
median age at diagnosis was 41 years (range 16—76), and
the median duration of diagnosis was 48 months (range
1-300) [13-27]. When compared to previous literature,
our study suggests that the age at diagnosis is younger.
This difference is thought to be attributed to easier access
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Table 6 Comparison of DMFT scores in patients according to
independent variables
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Table 7 Correlations between disease duration, IGF-1, GH,
cortisol, ACTH values, oral hygiene, plaque index PSI scores and

DMFT p DMFT in patients
n Mean+SD DMFT PSI
Xerostomia r p r p
Absent 17 14591144 0.909 Disease Duration —-0.039 0.824 0.039 0.824
Present 18 14.28+9.17 IGF-1 -0.018 0918 0.158 0.366
Remission GH -0.250 0.154 0.021 0.904
In Remission 29 13.66+10.01 0.334 ACTH 0.282 0.154 0.005 0.979
Persistent/Recurrent 6 1817+£11.10 Cortisol 0.094 0.604 —-0.058 0.749
Surgical Oral Hygiene Score —-0.195 0.261 -0.414 0.013
Once Transsphenoidal 26 15.08+11.08 0.560 Plague Index —-0.108 0.538 0.807 <0.001
Twice Transsphenoidal 7 10.86+5.92 PSI 0.027 0.879 - -
Somatostatin Use DMFT Decayed, missing, and filled teeth index, PSI Periodontal Screening
Absent 1 11714883 0.134 K‘;ri);oclgr,:t_ilotlr?:iznr;gtemog;?vgr:ﬂ r:i/cgtizrr;l; ScGCJ,:e ggf‘:v::spzzrsr:c\:]ai séqocl'(:/;
Present 18 17.00+£10,93 according to a defined system (see Appendix 1)
Radiotherapy Total scores ranged from 0 to 18, with higher scores indicating better oral
Absent 32 1447 +1051 0.890 hygiene practices and lower scores reflecting poorer oral hygiene
Present 3 14.00+7.00
DM Table 8 Correlations between oral hygiene score, plaque index,
Absent 22 1268+8.82 0.287 PSI scores and DMFT in individuals in the control group
Present 13 17.38+11.94 DMFT PSI
Hypothyroidism r 14 r p
Absent 22 13.32+10.59 0.287 Oral Hygiene Score —-0.269 0.252 -0.313 0.179
Present 13 16.31+9.56 Plaque Index -0.291 0214 0314 0.177
Coronary Artery Disease PSI -0.028 0.906 - -
Absent 27 13.67+9.63 0.550 DMFT Decayed, missing, and filled teeth index, PS/ Periodontal Screening Index,
Present 8 170041222 Zgael :gg;r;e;xslc)ore. Each response was scored according to a defined system
Hypertension Total scores ranged from 0 to 18, with higher scores indicating better oral
Absent 28 13.54+9.80 0320 hygiene practices and lower scores reflecting poorer oral hygiene
Present 7 18.00+11.67
Adrenal Insufficiency to tertiary healthcare and endocrinology specialists in
Absent 30 14.97£10.59 0.536 our country compared to other countries. Furthermore,
Present 5 11.20£7.29 54.3% of the patient group in our study were university
Gonadal Insufficiency graduates. This situation was also considered a factor
Absent 33 14.97£10.24 0188 contributing to the early age at diagnosis. In our study,
Present 2 5.50+0.70 45.7% of the patients were female, and 54.3% were male,
Panhypopituitarism which is consistent with the literature [14—28].
Absent 3 14.97410.24 0.188 Among the 35 patients who participated in our study,
Prelsem 2 250070 26 underwent transsphenoidal surgery once, and 7 were
smoking treated with recurrent transsphenoidal surgery. Two
Absent 24 12:58:9.73 0099 patients did not undergo surgery due to high anaesthesia
Present 1 1845+1042

DMFT Decayed, missing, and filled teeth index, n Noun, SD Standard deviation

Table 9 Comparison of DMFT scores of individuals in the control
group with those without dry mouth

DMFT
n Mean+SD p
Xerostomia
Absent 12 1042+840 0.135
Present 15.88+8.59

risk attributed to comorbid conditions. All patients who
underwent surgery were operated on using the trans-
sphenoidal method. In our study, 82.9% of the patients
were observed to be in remission, 31 patients (88.6%)
were diagnosed with macroadenoma, and 4 patients
(11.4%) with microadenoma. It was observed that the
remission rate at our centre was higher compared to
previous reports ([15]- [16] [29]- [30]). In our study,
18 patients (51.4%) were using somatostatin receptor
ligands. Out of these, 10 patients were using octreo-
tide LAR (28.6%), 5 patients were using lanreotide LAR
(14.3%), and 3 patients were using a combination of
octreotide and cabergoline (8.6%). Similar side effects
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have also been mentioned in the literature [17-31]. In
our study, only 3 patients (8.6%) received radiotherapy.
Among these patients, one (2.8%) underwent conven-
tional type radiotherapy, while the other two (5.7%)
received stereotactic radiotherapy. For individuals with
acromegaly unresponsive to surgical or medical therapy,
radiotherapy continues to serve as an effective modal-
ity in cases of residual tumor and failure to achieve
biochemical remission. However, concerns still exist
regarding the delayed biochemical effect and potential
toxicity of radiation therapy, particularly given the high
rates of hypopituitarism. Stereotactic radiotherapy is cur-
rently more preferred, yielding more favourable results
in terms of side effects and treatment success compared
to conventional radiotherapy. Despite its effectiveness,
there are ongoing debates and concerns about the neces-
sity and potential toxicity of radiotherapy, making its use
a subject of discussion [18—32].

In our study, 13 patients (37.1%) had diabetes mellitus
(DM). Diabetes mellitus is one of the common compli-
cations of acromegaly. In a study, the prevalence of dia-
betes mellitus in acromegaly patients was reported to
be 12-37% [19-33]. Compared to the literature ([19, 20]
[33]- [34]), our study identified a higher prevalence of
diabetes mellitus in the patient group. The HbA1lc values
of the patients were found to be significantly higher than
those of the individuals in the control group. The mean
HbA1c value for the patient group was 6.09 + 0.84, falling
within normal ranges. However, this statistically signifi-
cant result was not clinically significant.

In acromegaly, hypertension represents a major comor-
bidity that contributes to higher morbidity and mortality.
The frequency of hypertension is estimated at about 35%,
though values between 18% and 60% have been described
in various clinical series [21-34]. The blood pressure of
these patients is regularly monitored under various anti-
hypertensive treatments. Xerostomia has been specifi-
cally reported in relation to the use of ACE inhibitors and
diuretics within antihypertensive therapy. Etiologically,
drugs have been identified as the most common cause
of secondary xerostomia [22-36]. Among the 7 hyper-
tensive patients in our study, 3 had xerostomia, and they
were using ACE inhibitors. It is speculated that the use
of antihypertensive medications causing xerostomia
may have negatively affected the dental health of these
patients. Moreover, the evaluation of xerostomia was
based on self-reported symptoms without measurement
of unstimulated or stimulated salivary flow rate, which
may have influenced the accuracy of the findings. Future
studies should incorporate objective measurements of
salivary flow rate to validate self-reported xerostomia and
minimise information bias.

In our study, 5 patients (14.3%) had secondary adre-
nal insufficiency, and these patients were receiving
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prednisolone treatment. In a study [24-37] comparing
the oral health of 100 patients receiving long-term cor-
ticosteroid therapy for at least 3 months with age and
gender-matched 100 healthy controls, the clinical and
radiological effects of corticosteroid therapy on oral
health were evaluated. A significantly higher level of Can-
dida was found in steroid-using patients. Additionally,
bone density in the study group was significantly lower
compared to the control group [24—37]. The TSH values
of the patients were significantly lower than those of the
individuals in the control group. The mean TSH value in
the patient group was 1.54 + 1.03, within normal limits.
Although statistically significant, this finding was not
clinically significant.

In our study, macroglossia was present in 29 patients
(82.9%). A significant difference was found in the rates of
macroglossia between the patients and individuals in the
control group (p < 0.001). Macroglossia is an expected
clinical condition in acromegaly patients. In acromeg-
aly, the increased occurrence of macroglossia may be
explained by sustained elevations in GH and IGF-1. These
hormones stimulate soft tissue proliferation, collagen
synthesis, and extracellular matrix accumulation, lead-
ing to generalised tissue hypertrophy. In the oral cavity,
this manifests as enlargement of the tongue [25-38]. A
review study revealed that macroglossia was observed in
54% to 58% of acromegaly patients [26—39]. Macroglos-
sia increases the risk of sleep apnea in affected individu-
als [27-40]. Patients with severe obstructive sleep apnea
show greater vulnerability to overall and cardiovascular-
related mortality [28—41]. In this present study, the statis-
tical analysis results indicated that the sole determinant
of the presence of macroglossia was the presence of acro-
megaly. Univariate Logistic Regression analysis revealed
that factors such as disease duration, IGF-1, GH, ACTH,
cortisol, remission status, surgery, somatostatin use, dia-
betes mellitus (DM), hypothyroidism, and adrenal insuf-
ficiency were not identified as effective risk factors for
macroglossia. It was observed that macroglossia per-
sisted even in patients in remission.

The observed increase in macroglossia and fissured
tongue among patients with acromegaly can be attrib-
uted to the chronic exposure to elevated levels of GH
and IGF-1. These hormones stimulate soft tissue pro-
liferation, collagen synthesis, and extracellular matrix
accumulation, leading to generalised tissue hypertrophy.
In the oral cavity, this manifests as enlargement of the
tongue (macroglossia), which may subsequently develop
fissures due to mechanical irritation and surface dehydra-
tion. These findings are consistent with the known sys-
temic effects of GH/IGE-1 excess and reflect the disease’s
influence on both soft and hard tissue structures in the
craniofacial region.
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Lingua plicata, or fissured tongue, generally presents
without symptoms and manifests as grooves and furrows
of varying depth on the dorsal tongue. Published data
indicate a prevalence in the range of 10-20% [29-42].
Fissured tongue has been associated with several fac-
tors, including hereditary traits, oral candida, and the
use of smokeless tobacco [43—-46]. It is also observed in
systemic conditions such as hypertension, psoriasis, oro-
facial granulomatosis, and diabetes mellitus. In diabetic
individuals, poor glycemic control, impaired immune
responses, decreased blood circulation, dry mouth, and
alterations in both the quantity and quality of saliva
may contribute to the development of fissured tongue
[47-49]. In our study, fissured tongue was observed in
18 patients (51.4%). There was a significant difference in
the prevalence of fissured tongue between the patients
and the control group (p < 0.001). The literature does
not commonly report the prevalence of fissured tongue
in acromegaly patients. Our study systematically evalu-
ated other tongue lesions identified during examinations.
When all tongue lesions were considered, lesions were
observed in 29 patients (82.9%). No tongue lesions were
found in the control group participants. Studies in the
literature ([30]— [31] [50]- [51]) examining oral muco-
sal changes in acromegaly patients have typically focused
on macroglossia, neglecting soft tissue changes such as
fissured tongue, varices, angular cheilitis, and actinic
cheilitis. The results of this study provide valuable infor-
mation about soft tissue changes affecting the jaw and
facial regions in acromegaly patients. This study is the
first in the literature to demonstrate detailed oral muco-
sal changes in acromegaly patients. In our study, varices
were found in one patient, angular cheilitis (cracks at the
corners of the mouth due to infection) in three patients,
and actinic cheilitis, a premalignant lesion, in three
patients. In light of this study, it is evident that the impact
on the tongue is not limited to macroglossia, emphasis-
ing the importance of a thorough examination of oral
lesions in acromegaly patients by both endocrinologists
and, if necessary, dentists.

Human teeth constitute a highly valuable organ sys-
tem that plays a crucial role in grasping and processing
food. Defined as a localized lesion of the hard tissues of
the teeth, dental caries develops from acid production
during microbial fermentation of ingested carbohydrates
[32-52]. Dental caries is recognised by the World Health
Organisation as the most prevalent health issue globally
[33-53]. The risk factors for dental caries include a high-
carbohydrate diet, especially sucrose, and/or low saliva
secretion. The oral hygiene questionnaire used in our
study not only queried patients about their oral hygiene
habits but also included questions about the frequency of
sugar consumption. When carbohydrates are fermented
by oral microorganisms (Streptococcus mutans), the pH
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of saliva drops, and the acidic substrates produced as a
result of fermentation lead to demineralisation of den-
tal hard tissues and, consequently, dental caries [34—54].
Adequate oral hygiene ensures the removal of food resi-
dues from dental surfaces, eliminating the primary risk
for caries, which is carbohydrate fermentation. Tooth
indexes, individuals or communities are defined as tools
used for the identification and recording of dental caries
[35-55]. An ideal index is expected to be simple, objec-
tive, valid, reliable, measurable, repeatable, sensitive,
and acceptable [36-56]. Since its introduction in 1938
and subsequent recommendation by the World Health
Organization (WHO), the DMFT (decayed, missing,
filled teeth) index has been the most frequently employed
index in epidemiological investigations. DMFT index is a
measure representing the total number of an individual’s
decayed, missing, and filled teeth, first defined by Klein
and Palmer in 1938 [10-24]. In 1939, Bodecker pro-
posed the DMES (decayed, missing, filled surface) index
by suggesting the calculation of the surface count instead
of the tooth count. This index represents the total num-
ber of an individual’s decayed, missing, and filled tooth
surfaces [37-57]. The primary goal of this index system
is to provide a meaningful comparison of the decayed
status across various populations [38-58]. Immune sys-
tem disorders, dysfunction of salivary glands, diabetes
mellitus, and the use of various medications causing dry
mouth increase susceptibility to dental caries [39-59]. In
our study, a comparison of DMFT scores was conducted
based on independent variables that could contribute to
caries susceptibility, such as remission status, xerostomia,
somatostatin use, the number of surgeries, radiotherapy
treatment, diabetes mellitus, hypothyroidism, coronary
artery disease, hypertension, panhypopituitarism, adre-
nal insufficiency, and gonadal insufficiency. No statisti-
cally significant results were found. In a meta-analysis
study, diabetes mellitus (DM) and patients with poor
glycemic control were evaluated using the DMFT scor-
ing system. The findings showed a higher average DMFT
score in individuals with diabetes compared to healthy
controls. In individuals with Type 2 DM, three times
more root caries were observed compared to non-dia-
betic individuals. Among the diabetic population, indi-
viduals with uncontrolled glycemic levels exhibited a
higher caries prevalence compared to controlled diabetic
individuals [40-60].

In a study, the average prevalence of radiation caries
was reported as 28.1%. In this context, the mean DMFT
of irradiated patients was found to be 9.19 [41-61]. In a
study conducted by Konjhodzic-Prcic and colleagues in
2010, the DMFT index was used, and they found that
the incidence of radiation caries increased from 19.4 to
23.9 after 6 months of radiation therapy [42—-62]. In our
study, three patients received radiation therapy, and their
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DMFT scores were 7, 14, and 21, respectively. In a study
conducted in 2016, the relationship between thyroid dys-
function and DMFT in children was examined. The study
compared 100 healthy individuals with 100 individu-
als with thyroid dysfunction. Although the DMFT and
scores were found to be higher in the group with thyroid
dysfunction compared to the control group, the score dif-
ference was not statistically significant [43—-63].
According to the results of our study, there was a sta-
tistically significant relationship between the DMFT
index and oral hygiene scores, as well as the plaque index
scores, which quantitatively evaluate oral hygiene. The
findings of our study suggest that dental caries in acro-
megaly patients is not attributed to acromegaly and
comorbidities but is rather associated with poor oral
hygiene. This aligns with findings from Roumeau et al.
(44-11), who reported comparable DMFT values in
acromegalic patients and the general French population,
with the noteworthy distinction that acromegaly patients
had more filled and fewer missing teeth. These observa-
tions were interpreted as indicators of better dental care
utilisation among acromegaly patients, possibly related
to socioeconomic factors. In our cohort, the presence of
dental caries was significantly associated with poor oral
hygiene, as evidenced by the correlation between DMFT
scores and both plaque index and oral hygiene question-
naire results. However, this correlation was absent in the
control group, suggesting that patients with acromegaly
may be more prone to caries due to challenges in main-
taining oral hygiene—potentially exacerbated by anatom-
ical changes like macroglossia and joint stiffness.
Periodontitis is a chronic inflammatory disease caused
by gram-negative anaerobic bacteria, leading to gingival
inflammation and destruction of both the supporting
soft and hard tissues (periodontal tissues) surrounding
the teeth. Bacterial plaque is the primary etiological fac-
tor associated with periodontitis, but there are several
other variables that may increase the risk of developing
the disease. Two of these variables are definitively iden-
tified as risk factors: tobacco use and diabetes [45—64].
The Periodontal Screening Index (PSI) provides informa-
tion about the periodontal condition and offers insights
into the necessary treatment [46—65]. In a study [47].
Examining the relationship between periodontitis and
diabetes mellitus, 111 non-diabetic (ND), 101 type 1 dia-
betic (T1D), and 236 type 2 diabetic (T2D) patients were
included. The study compared DMFT and Periodontal
Screening Index (PSI) among the study groups. Accord-
ing to the results of the previous study, PSI scores were
significantly higher in T2D and T1D patients compared
to non-diabetic patients, and periodontitis was detected
in approximately 90% of T2D patients [47-66]. We found
a significant association between PSI scores and both
plaque index and oral hygiene, but no correlation with
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hormonal parameters or disease duration. These find-
ings suggest that, similar to the general population, bac-
terial plaque remains the central etiological factor for
periodontal disease in acromegaly [48—67]. Roumeau et
al. (44 - 11) also observed a relatively low prevalence of
periodontitis in their acromegaly cohort and proposed a
protective role of GH and IGF-1 on soft tissues, poten-
tially linked to the presence of a thick gingival biotype. In
their study, 9 of 29 patients exhibited thick gingival tis-
sues, which are associated with reduced periodontal vul-
nerability. While we did not assess gingival biotype in our
study, the absence of severe periodontitis supports the
hypothesis that hormonal influences may confer some
level of periodontal resilience in acromegaly patients
[49-68].

The effects of acromegaly on gingival and periodon-
tal tissues are still not fully understood to this day. Our
study represents the first examination of the relationship
between acromegaly and periodontitis in the literature.
Acromegaly itself does not cause immune dysfunction.
However, concomitant comorbid conditions such as
adrenal insufficiency, diabetes mellitus, and hypothyroid-
ism increase susceptibility to infection. Nevertheless,
according to our study results, there was no significant
relationship between the Periodontal Screening Index
(PSI) and disease duration, IGF-1, GH, cortisol, and
ACTH. Our findings indicate a significant association
between PSI and plaque index as well as oral hygiene
scores in acromegaly patients. As mentioned above, bac-
terial plaque serves as the fundamental etiological fac-
tor for periodontitis. In acromegalic patients, the typical
association between poor oral hygiene and periodontal
disease may be modulated by disease-specific factors
such as altered bone metabolism, thickened gingival bio-
type, and soft tissue overgrowth. GH and IGF-1 excess
contribute to increased collagen synthesis and fibroblast
proliferation, potentially enhancing gingival volume
and resilience. These changes may either predispose to
or protect against periodontal damage, depending on
the balance between tissue remodelling and microbial
insult. Future studies should include clinical evaluation
of the gingival biotype to better understand its potential
protective role against periodontal disease in patients
with acromegaly. Furthermore, macroglossia in acro-
megalic patients may limit effective access to posterior
oral regions during toothbrushing, thereby impairing
mechanical plaque removal and contributing to poor oral
hygiene despite adequate awareness.

This study has several limitations. The relatively small
sample size and cross-sectional design may limit the
generalizability of the findings. The subjective nature
of xerostomia evaluation and the use of self-reported
oral hygiene questionnaires may introduce information
bias. Additionally, single-point assessments preclude
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longitudinal analysis of oral health changes. Despite
these limitations, the study is strengthened by its com-
prehensive evaluation of oral and systemic parameters
and by the inclusion of a control group for comparative
analysis. Future research should include longitudinal
studies to track the progression of oral health in patients
with acromegaly over time and to investigate the poten-
tial impact of treatment duration and disease activity
on oral findings. Additionally, incorporating objective
salivary flow measurements, assessing the effect of mac-
roglossia on oral hygiene ability, and utilising salivary or
imaging biomarkers could provide deeper insights into
the mechanisms underlying oral health deterioration in
this population.

Conclusions

Our findings showed that macroglossia and fissured
tongue were significantly more prevalent in the patient
group than in the control group, and oral mucosal lesions
do not directly affected by the course or prognosis of
acromegaly. Results of this study revealed that acromeg-
aly itself may pose an independent risk for periodontal
disease. Therefore, patients with acromegaly must pri-
oritise not only their systemic health but also their oral
health. Improved oral hygiene practices and a collabora-
tive approach between endocrinologists and dental pro-
fessionals are essential for preventing both systemic and
oral complications in this complex disorder.

Appendix

Questionnaire Form

Age:
Gender:
Occupation - Education Status:
Patient’s Oral Hygiene Habits.

1. How many times a year do you visit the dentist?

None (0p) 1(1p) 2(2p) 3(3p) >3 (4p)

2. How many times a day do you brush your teeth?

None (0p) 1(1p) 2(2p) 3(3p) >3 (4p)

3. Which products do you use to maintain your oral
hygiene?

None (Op) Toothbrush (1p) Toothpaste (1p) Mouthwash (1p)
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4. Do you perform interdental cleaning? Which
products do you use?

No (0p) Yes

Interdental brush(1p) ~ Dental floss(1p) ~ Toothpick (1p)

5. Do you have a tongue cleaning habit?

No (0p) Yes (1p)

6.  How often do you eat sugary foods?

Rarely 3p) Two to three Once a day Every day with-
times a week (1p) out fail (Op)

2p)

Abbreviations
ACE Angiotensin-converting enzyme

ACTH Adrenocorticotropic hormone
BMD Bone mineral density

CAD Coronary artery disease

DEXA Dual-energy X-ray absorptiometry
DM Diabetes mellitus

DMFS Decayed, missing, filled surfaces index
DMFT Decayed, missing, filled teeth index
GH Growth hormone

HbATc  Glycated hemoglobin

ICC Intraclass correlation coefficient
IGF-1 Insulin-like growth factor-1

OGTT Oral glucose tolerance test

Pl Plaque Index

PSI Periodontal Screening Index

RIA Radioimmunoassay

SD Standard deviation

SPSS Statistical Package for the Social Sciences
SRL Somatostatin receptor ligand

TID Type 1 diabetes

T2D Type 2 diabetes

T4 Thyroxine

TSH Thyroid-stimulating hormone
WHO World Health Organization

Acknowledgements

This study was previously presented as a poster at the 26th European
Congress of Endocrinology, held in Stockholm, Sweden, from 11 to 14 May
2024.

Authors’ contributions

B.C.C.: Conceptualisation, methodology, investigation, resources, writing-
original draft, supervision, drafting the article or revising it critically for
important intellectual content, final approval of the manuscript before
submission. $.B.P: Statistical analysis, conceptualisation, methodology,

data analysis, investigation, resources, writing-original draft, supervision,
drafting the article or revising it critically for important intellectual content,
final approval of the manuscript before submission. E.Y.: Conceptualisation,
methodology, data analysis, investigation, resources, writing-original draft,
supervision, drafting the article or revising it critically for important intellectual
content, final approval of the manuscript before submission. I.A.: Clinical
part of the Investigation, drafting the article or revising it critically, and

final approval of the manuscript before submission. R.E.: Clinical part of the



Cengiz et al. BMC Oral Health (2026) 26:67

Investigation, drafting the article or revising it critically, and final approval

of the manuscript before submission. O.T.: Clinical part of the Investigation,
drafting the article or revising it critically, and final approval of the manuscript
before submission. B.C.C.: Clinical part of the Investigation, drafting the article
or revising it critically, and final approval of the manuscript before submission.

Funding
This study did not receive any funding from a body, organisation or agency.

Data availability

The datasets used and/or analysed during the current study are available from
the corresponding author, **Elif Yildizer** (email: dryildizerelif@gmail.com),
upon reasonable request.

Declarations

Ethics approval and consent to participate

This prospective study received approval from the Ethics Committee for
Clinical Research at Health Sciences University Ankara City Hospital, with the
assigned approval number E2-22-2670, granted on November 23, 2022. The
study was conducted by the principles of the Declaration of Helsinki. Informed
consent was obtained from all individual participants included in the study.

Consent for publication
Not applicable. No individual-level images or identifying personal data are
included in this manuscript.

Competing interests
The authors declare no competing interests.

Received: 22 April 2025 / Accepted: 22 November 2025
Published online: 07 December 2025

References

1. Chanson P, Salenave S. Acromegaly. Orphanet J Rare Dis. 2008;3:17. https://do
i.0rg/10.1186/1750-1172-3-17.

2. Colao A, Grasso LFS, Giustina A, Melmed S, Chanson P, Pereira AM, et al.
Acromegaly. Nat Rev Dis Primers. 2019;5(1):20. https://doi.org/10.1038/54157
2-019-0071-6.

3. Akirov A, Asa SL, Amer L, Shimon |, Ezzat S. The clinicopathological spectrum
of acromegaly. J Clin Med. 2019;8(11):1962. https://doi.org/10.3390/jcm81119
62.

4. Kreitschmann-Andermahr I, Kohlmann J, Kleist B, Hirschfelder U, Buslei
R, Buchfelder M, et al. Oro-dental pathologies in acromegaly. Endocrine.
2018;60(2):323-8. https://doi.org/10.1007/512020-017-1476-z.

5. Dostalova S, Sonka K, Smahel Z, Weiss V, Marek J. Cephalometric assessment
of cranial abnormalities in patients with acromegaly. J Cranio-Maxillofac Surg.
2003;31:80-7. https://doi.org/10.1016/51010-5182(02)00182-8.

6. Herrmann BL, Mortsch F, Berg C, Weischer T, Mohr C, Mann K. Acromegaly:

a cross-sectional analysis of the oral and maxillofacial pathologies. Exp Clin
Endocrinol Diabetes. 2011;119:9-14. https://doi.org/10.1055/5-0030-1255020.

7. Takakura M, Kuroda T. Morphologic analysis of dentofacial structure
in patients with acromegaly. Int J Adult Orthodon Orthognath Surg.
1998;13:277-88. [DOI: N/A].

8. ReidTJ, Post KD, Bruce JN, Kanibir MN, Reyes-Vidal CM, Freda PU. Features
at diagnosis of 324 patients with acromegaly did not change from 1981
to 2006: acromegaly remains underrecognized and underdiagnosed. Clin
Endocrinol (Oxf). 2010,72:203-8. https://doi.org/10.1111/}.1365-2265.2009.03
626.X.

9. Agrawal M, Maitin N, Rastogi K, Bhushan R. Seeing the unseen: diagnosing
acromegaly in a dental setup. BMJ Case Rep. 2013;2013:bcr2013200266. https
://doi.org/10.1136/bcr-2013-200266.

10.  Prencipe N, Floriani |, Guaraldi F, Di Giacomo SV, Cannavo S, Arnaldi G, et al.
ACROSCORE: a new and simple tool for the diagnosis of acromegaly, a rare
and underdiagnosed disease. Clin Endocrinol (Oxf). 2016;84:380-5. https://do
i.org/10.1111/cen.12961.

11. Roumeau S, Thevenon J, Ouchchane L, Magdasy S, Batisse-Lignier M, Duale
C, et al. Assessment of oro-dental manifestations in a series of acromegalic

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

Page 11 of 12

patients, the acrodent study. Endocr Connect. 2020,9:824-33. https://doi.org/
10.1530/EC-20-0342.

Atreja G, Jain N, Atreja SH, Sukhija U. Oral manifestations in growth hormone
disorders. Indian J Endocrinol Metab. 2012;16:381-3. https://doi.org/10.4103/
2230-8210.95684.

Lima DL, Montenegro RM Jr, Vieira AP, Albano MF, Rego DM. Absence of
periodontitis in acromegalic patients. Clin Oral Investig. 2009;13:165-9. https:
//doi.org/10.1007/500784-008-0213-6.

Cohen RB, Wilcox CW. A case of acromegaly was identified after the patient
complained of apertognathia. Oral Surg Oral Med Oral Pathol. 1993;75:583-6.
https://doi.org/10.1016/0030-4220(93)90348-S.

Sugata T, Myoken Y, Tanaka S. Acromegaly identified in a patient with a
complaint of malocclusion. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
1998;85:44-6. https://doi.org/10.1016/51079-2104(98)90302-7.
Sivapathasundharam B, Rajendran R. Shafer’s textbook of oral pathology.
New Delhi: Elsevier India; 2012. pp. 616-64. [No DOI available].
Agha-Hosseini F, Shirzad N, Moosavi M. Evaluation of Xerostomia and salivary
flow rate in hashimoto’s thyroiditis. Med Oral Patol Oral Cir Bucal. 2016;21:e1-
5. https://doi.org/10.4317/medoral.21173.

Suliman M, Jenkins R, Ross R, Powell T, Battersby R, Cullen DR. Long-term
treatment of acromegaly with the somatostatin analogue SR-lanreotide. J
Endocrinol Invest. 1999;22:409-18. https://doi.org/10.1007/BF03343533.
Gariani K, Meyer P, Philippe J. Implications of somatostatin analogues in the
treatment of acromegaly. Eur Endocrinol. 2013;9:132-6. https://doi.org/10.17
925/EE.2013.09.02.132.

Bruno G, Dassie F, Preo G, Boutarbouche A, Brandolese S, Maffei P, et al. Oral
health and quality of life in acromegaly: a questionnaire-based study. Dent J.
2025;13:226. https://doi.org/10.3390/dj13060226.

« Capoglu |, Yilmaz AB, Untvar N, Orbak R, Aksoy H, Yesilyurt H. Gingival
enlargement in acromegaly. Endocrine. 2002;18:207-10. https://doi.org/10.13
85/ENDO:18:3:207.

Bascil S, Serinsoz H, Tutuncu NB. Acromegaly is protective for periodontal tis-
sue — advanced chronic periodontitis is rare in acromegalics. Bratis| Lek Listy.
2014;115:588-92. https://doi.org/10.4149/BLL_2014_114.

Faul F, Erdfelder E, Lang A-G, Buchner A. (2007). GPower 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sciences.

* Behavior Research Methods, 39(2), 175-191. https://doi.org/10.3758/BF03
193146

Klein H, Palmer CE, Knutson JW. Studies on dental caries. |. Dental status

and dental needs of elementary school children. Public Health Rep.
1938;53(19):751-65. https://doi.org/10.2307/4582520.

Willershausen B, Kasaj A, Willershausen |, Zahorka D, Brisefio B, Blettner M, et
al. Association between chronic dental infection and acute myocardial infarc-
tion. J Endod. 2009;35(5):626-30. https://doi.org/10.1016/jjoen.2009.02.010.
Silness J, Loe H. Periodontal disease in pregnancy II. Correlation between oral
hygiene and periodontal condition. Acta Odontol Scand. 1964;22(1):121-35.
https://doi.org/10.3109/00016356408993968.

Keskin G, Demir O, Karci AC, Berker D, Cantiirk Z, Yaylali GF, et al. The acro-
megaly registry of ten different centres in Turkey. Growth Horm IGF Res.
2020;53-54:101322. https://doi.org/10.1016/j.ghir2020.101322.

Melmed S. Acromegaly pathogenesis and treatment. J Clin Invest.
2009;119(11):3189-202. https://doi.org/10.1172/JCI39375.

Jane JA, Starke RM, Elzoghby MA, Reames DL, Payne SC, Thorner MO, et al.
Endoscopic transsphenoidal surgery for acromegaly: remission using modern
Criteria, Complications, and predictors of outcome. J Clin Endocrinol Metab.
2011;96(9):2732-40. https://doi.org/10.1210/jc.2011-0242.

Shimon I, Cohen ZR, Ram Z, Hadani M. Transsphenoidal surgery for
acromegaly: endocrinological Follow-up of 98 patients. Neurosurgery.
2001;48(6):1239-45. https://doi.org/10.1097/00006123-200106000-00008.
Katznelson L, Laws ER, Melmed S, Molitch ME, Murad MH, Utz A, et al. Acro-
megaly: an endocrine society clinical practice guideline. J Clin Endocrinol
Metab. 2014;99(11):3933-51. https://doi.org/10.1210/jc.2014-2700.

Freda PU, Katznelson L, van der Lely AJ, Reyes CM, Zhao S, Rabinowitz D.
Long-Acting somatostatin analogue therapy of acromegaly: A Meta-Analysis.
J Clin Endocrinol Metab. 2005,90(8):4465-73. https://doi.org/10.1210/jc.2005-0260.
Hannon AM, Thompson CJ, Sherlock M. Diabetes in patients with acromegaly.
Curr Diab Rep. 2017;17(2):8. https://doi.org/10.1007/511892-017-0833-0.
Alexopoulou O, Bex M, Kamenicky P, Mvoula AB, Chanson P, Maiter D. Preva-
lence and risk factors of impaired glucose tolerance and diabetes mellitus at
diagnosis of acromegaly: a study in 148 patients. Pituitary. 2014;17(1):81-9.
https://doi.org/10.1007/511102-013-0476-5.


https://doi.org/10.1186/1750-1172-3-17
https://doi.org/10.1186/1750-1172-3-17
https://doi.org/10.1038/s41572-019-0071-6
https://doi.org/10.1038/s41572-019-0071-6
https://doi.org/10.3390/jcm8111962
https://doi.org/10.3390/jcm8111962
https://doi.org/10.1007/s12020-017-1476-z
https://doi.org/10.1016/S1010-5182(02)00182-8
https://doi.org/10.1055/s-0030-1255020
https://doi.org/10.1111/j.1365-2265.2009.03626.x
https://doi.org/10.1111/j.1365-2265.2009.03626.x
https://doi.org/10.1136/bcr-2013-200266
https://doi.org/10.1136/bcr-2013-200266
https://doi.org/10.1111/cen.12961
https://doi.org/10.1111/cen.12961
https://doi.org/10.1530/EC-20-0342
https://doi.org/10.1530/EC-20-0342
https://doi.org/10.4103/2230-8210.95684
https://doi.org/10.4103/2230-8210.95684
https://doi.org/10.1007/s00784-008-0213-6
https://doi.org/10.1007/s00784-008-0213-6
https://doi.org/10.1016/0030-4220(93)90348-S
https://doi.org/10.1016/0030-4220(93)90348-S
https://doi.org/10.1016/S1079-2104(98)90302-7
https://doi.org/10.4317/medoral.21173
https://doi.org/10.1007/BF03343533
https://doi.org/10.17925/EE.2013.09.02.132
https://doi.org/10.17925/EE.2013.09.02.132
https://doi.org/10.3390/dj13060226
https://doi.org/10.1385/ENDO:18:3:207
https://doi.org/10.1385/ENDO:18:3:207
https://doi.org/10.4149/BLL_2014_114
https://doi.org/10.3758/BF03193146
https://doi.org/10.3758/BF03193146
https://doi.org/10.2307/4582520
https://doi.org/10.1016/j.joen.2009.02.010
https://doi.org/10.3109/00016356408993968
https://doi.org/10.3109/00016356408993968
https://doi.org/10.1016/j.ghir.2020.101322
https://doi.org/10.1172/JCI39375
https://doi.org/10.1210/jc.2011-0242
https://doi.org/10.1097/00006123-200106000-00008
https://doi.org/10.1210/jc.2014-2700
https://doi.org/10.1210/jc.2005-0260
https://doi.org/10.1007/s11892-017-0833-0
https://doi.org/10.1007/s11102-013-0476-5

Cengiz et al. BMC Oral Health

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

(2026) 26:67

Bondanelli M, Ambrosio MR, degli Uberti EC. Pathogenesis and prevalence of
hypertension in acromegaly. Pituitary. 2001;4(4):239-49. https://doi.org/10.10
23/A:1020655604331.

Miranda-Rius J, Brunet-Llobet L, Lahor-Soler E, Farré M. Salivary secre-

tory disorders, inducing drugs, and clinical management. Int J Med Sci.
2015;12(10):811-24. https://doi.org/10.7150/ijms.12994.

Beeraka SS, Natarajan K, Patil R, Manne RK, Prathi VS, Kolaparthi VSK. Clinical
and radiological assessment of the effects of long-term corticosteroid
therapy on oral health. Dent Res J (Isfahan). 2013;10(5):666-73.

Kutti Sridharan G, Rokkam VR. Macroglossia. StatPearls. Treasure Island (FL).
StatPearls Publishing; 2023. https://www.ncbi.nlm.nih.gov/books/NBK534765/.
De Stefani A, Dassie F, Wennberg A, Preo G, Muneratto A, Fabris R, et al. Oral
manifestations and maxillofacial features in the acromegalic patient: a litera-
ture review. J Clin Med. 2022;11(4):998. https://doi.org/10.3390/jcm11040998.
Azagra-Calero E, Espinar-Escalona E, Barrera-Mora JM, Llamas-Carreras JM,
Solano-Reina E. Obstructive sleep apnea syndrome (OSAS). Review of the
literature. Med Oral Patol Oral Cir Bucal. 2012;17(6):2925-9. https://doi.org/10.
4317/medoral.17617.

Ge X, Han F, Huang Y, Zhang Y, Yang T, Bai C, et al. Is obstructive sleep

apnea associated with cardiovascular and all-cause mortality? PLoS ONE.
2013;8(7):269432. https.//doi.org/10.1371/journal.pone.0069432.

Feil ND, Filippi A. Frequency of fissured tongue (lingua plicata) as a function
of age. Swiss Dent J. 2016;126(10):886-97.

Guggenheimer J, Moore PA, Rossie K, et al. Insulin-dependent diabetes
mellitus and oral soft tissue pathologies. Il. Prevalence and characteristics

of Candida and candidal lesions. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2000;89(5):570-6. https://doi.org/10.1067/moe.2000.104477.

Dafar A, Cevik-aras H, Robledo-Sierra J, Mattsson U, Jontell M. Factors associ-
ated with geographic tongue and fissured tongue. Acta Odontol Scand.
2016,74(3):210-6. https://doi.org/10.3109/00016357.2015.1087046.
Al-Maweri SA, Alaizari NA, Al-Sufyani GA. Oral mucosal lesions and their asso-
ciation with tobacco use and Qat chewing among Yemeni dental patients. J
Clin Exp Dent. 2014;6(5):e460. https://doi.org/10.4317/jced.51706.

Sudarshan R, Sree Vijayabala G, Samata Y, Ravikiran A. Newer classifica-

tion system for fissured tongue: an epidemiological approach. J Trop Med.
2015,2015:262079. https://doi.org/10.1155/2015/262079.

Dikshit RP, Ramadas K, Hashibe M, Thomas G, Somanathan T, Sankaranaray-
anan R. Association between diabetes mellitus and pre-malignant oral dis-
eases: a cross-sectional study in Kerala, India. Int J Cancer. 2006;118(2):453-7.
https://doi.org/10.1002/ijc.21345.

Cicmil S, Mladenovi¢ |, Kruni¢ J, Ivanovi¢ D, Stojanovi¢ N. Oral alterations in
diabetes mellitus. Balkan J Dent Med. 2018;22(1):7-14. https://doi.org/10.247
8/bjdm-2018-0002.

Bastos AS, Leite AR, Spin-Neto R, Nassar PO, Massucato EM, Orrico SR. Diabe-
tes mellitus and oral mucosa alterations: prevalence and risk factors. Diabetes

Res Clin Pract. 2011,92(1):100-5. https://doi.org/10.1016/j.diabres.2011.01.011.

Belmehdi A, Chbicheb S. Oral disorders related to acromegaly. Pan Afr Med J.
2021;39:128. https://doi.org/10.11604/pam;j.2021.39.128.28030.

Gaurav'V, Kaur M, Kumar R, Yadav R. Oral manifestations in growth hormone
disorders. J Clin Diagn Res. 2016;10(5):ZE01-3. https://doi.org/10.7860/JCDR/
2016/16894.7790.

GUglu E, Bodrumlu EH, Ecevit ZB. Gegmisten gliniimiize dig ¢Urigu
epidemiyolojisinin degerlendirilmesinde kullanilan Indeksler. Dis Hek Derg.
2009,20(3):187-92.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Page 12 of 12

Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye C. The global
burden of oral diseases and risks to oral health. Bull World Health Organ.
2005;83(9):661-9.

Loesche WJ. Role of Streptococcus mutans in human dental decay. Microbiol
Rev. 1986;50(4):353-80.

Baginska J, Rodakowska E. Current dental caries indices: review of literature. J
Stomatol. 2012;65(6):892-905.

Daly B. Overview of epidemiology. In: Batchelor P, Treasure E, Watt R, editors.
Essential dental public health. 2nd ed. Oxford: Oxford University Press; 2013.
pp. 51-68.

Bodecker CF. The modified dental caries index. J Am Dent Assoc.
1939,26(9):1453-60.

Winter GB. Epidemiology of dental caries. Arch Oral Biol. 1990;35(Suppl):S1-7.
Rosier BT, De Jager M, Zaura E, Krom BP. Historical and contemporary hypoth-
eses on the development of oral diseases: are we there yet? Front Cell Infect
Microbiol. 2014;4:92. https://doi.org/10.3389/fcimb.2014.00092.

de Lima AKA, Amorim dos Santos J, Stefani CM, Almeida de Lima A, Damé-
Teixeira N. Diabetes mellitus and poor glycemic control increase the occur-
rence of coronal and root caries: a systematic review and meta-analysis. Clin
Oral Investig. 2020,24(11):3801-12. https://doi.org/10.1007/500784-020-0329
2-1.

Benigeri M, Payette M, Brodeur JM. Comparison between the DMF indices
and two alternative composite indicators of dental health. Community Dent
Oral Epidemiol. 1998;26(5):303-9. https://doi.org/10.1111/j.1600-0528.1998.tb
01967.

Konjhodzi¢-Prcic A, Keros J, Ajaovic M, Smajkic N, Hasi¢-Brankovic L. Incidence
of radiation caries in patients undergoing radiation therapy in the head and
neck region. Pesqui Bras Odontopediatria Clin Integr. 2010;10(3):489-92.
Venkatesh Babu N, Patel P. Oral health status of children suffering from
thyroid disorders. J Indian Soc Pedod Prev Dent. 2016;34(2):139-42. https://d
0i.0rg/10.4103/0970-4388.180450.

Guthmiller JM, Novak KF. Periodontal diseases. In: Baron S, editor. Medical
microbiology. 4th ed. Galveston (TX): University of Texas Medical Branch at
Galveston; 1996.

Ziebolz D, Szabadi |, Rinke S, Hornecker E, Mausberg RF. Initial periodontal
screening and radiographic findings: a comparison of two methods to evalu-
ate the periodontal situation. BMC Oral Health. 2011;11:3. https://doi.org/10.1
186/1472-6831-11-3.

Weinspach K, Staufenbiel |, Memenga-Nicksch S, Ernst S, Geurtsen W, Glinay
H. Level of information about the relationship between diabetes mellitus and
periodontitis: results from a nationwide diabetes information program. Eur J
Med Res. 2013;18(1):6. https://doi.org/10.1186/2047-783X-18-6.

Lamster IB, Pagan M. Periodontal disease and the metabolic syndrome. Int
Dent J. 2017,67(2):67-77. https://doi.org/10.1111/id}.12278.

Neyman A, Mattsson U, Hakeberg M. Gingival biotype in adult populations:
thin, Thick or somewhere in between? Acta Odontol Scand. 2020;78(8):592-7.
https://doi.org/10.1080/00016357.2020.1770790.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1023/A:1020655604331
https://doi.org/10.1023/A:1020655604331
https://doi.org/10.7150/ijms.12994
https://www.ncbi.nlm.nih.gov/books/NBK534765/
https://doi.org/10.3390/jcm11040998
https://doi.org/10.4317/medoral.17617
https://doi.org/10.4317/medoral.17617
https://doi.org/10.1371/journal.pone.0069432
https://doi.org/10.1067/moe.2000.104477
https://doi.org/10.3109/00016357.2015.1087046
https://doi.org/10.4317/jced.51706
https://doi.org/10.1155/2015/262079
https://doi.org/10.1002/ijc.21345
https://doi.org/10.1002/ijc.21345
https://doi.org/10.2478/bjdm-2018-0002
https://doi.org/10.2478/bjdm-2018-0002
https://doi.org/10.1016/j.diabres.2011.01.011
https://doi.org/10.11604/pamj.2021.39.128.28030
https://doi.org/10.7860/JCDR/2016/16894.7790
https://doi.org/10.7860/JCDR/2016/16894.7790
https://doi.org/10.3389/fcimb.2014.00092
https://doi.org/10.1007/s00784-020-03292-1
https://doi.org/10.1007/s00784-020-03292-1
https://doi.org/10.1111/j.1600-0528.1998.tb01967
https://doi.org/10.1111/j.1600-0528.1998.tb01967
https://doi.org/10.4103/0970-4388.180450
https://doi.org/10.4103/0970-4388.180450
https://doi.org/10.1186/1472-6831-11-3
https://doi.org/10.1186/1472-6831-11-3
https://doi.org/10.1186/2047-783X-18-6
https://doi.org/10.1111/idj.12278
https://doi.org/10.1080/00016357.2020.1770790
https://doi.org/10.1080/00016357.2020.1770790

	﻿Oral mucosal health in acromegaly: clinical insights and metabolic associations
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Laboratory measurements
	﻿Data collection
	﻿Oral examination
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿Appendix
	﻿Questionnaire Form

	﻿References


