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Abstract

Purpose Evaluate periodontal status of acromegalics through clinical and biochemical variables.

Methods Demographics, hormone and metabolic variables, periodontal variables, gingival crevicular fluid (GCF) volume,
and content data were collected from 30 patients with acromegaly, 30 patients with periodontitis, and 20 healthy subjects and
comparatively analyzed.

Results GH differences between acromegaly (2.56 +4.86) and periodontitis (0.53 +0.95) (p <0.001) were statistically
significant. IGF-1 was lowest at periodontitis (113.31 £45.01) and lower (152.11 +45.56) at healthy group compared with
acromegalics (220.38 + 167.62) (p < 0.05). GH and IGF-1 had positive correlation (p < 0.05). IGF-1 and CAL had negative
(p <0.01) correlation except healthy group that showed the same correlation at the opposite direction (p < 0.05). Besides
similar plaque and gingival indices with periodontitis, acromegalics showed relatively less CAL and GCF volume but except
CAL, all their periodontal variables were higher than healthy subjects. GCF GH and prolactin showed higher values in
acromegalics while healthy subjects showed relatively high interleukin-1, -10 and carboxyterminal telopeptide of type I
collagen compared with others.

Conclusion Acromegalics have a tendency of slowed periodontal destruction with an influence of GH and IGF-1 to the
inflammation- and collage metabolism-related mechanisms rather than bone-associated ones. However, this information
must be confirmed with further studies exploring the mechanisms possibly bonded to others.

Keywords Acromegaly - Periodontal - Bone loss - Gingival crevicular fluid - Growth hormone - Insulin-like growth factor-1

Introduction

Acromegaly is a rare disease (30-130 cases/million pre-
valence,) [1] mostly (around 95%) caused by a benign
pituitary adenoma originating from somatotropic cells that
leads to increase in growth hormone (GH) and insulin-like
growth factor-I (IGF-I) secretion [2—4]. In addition to its
most significant signs seen in face and extremities as pro-
gressive somatic deformities, many other systems
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(metabolic, cardiovascular, and respiratory) can be affected
[5, 6]. While the most prevalent comorbidities (reported to
contribute 23-50% of deaths) are associated with cardio-
vascular system (arterial hypertension, cardiomyopathy,
rhythm disorders, valve diseases, and progressive systolic
dysfunction) [7-9] malignancies still remain in the forefront
due to their effect amplitude [10, 11]. Respiratory compli-
cations such as sleep breathing disorders may also occur
and give 25% contribution to mortality rates [9]. Metabolic
complications are mainly associated with lipid (decrease in
high-density lipoprotein (HDL), hypertriglyceridemia,
hypercholesterolemia) [12] and glucose (impaired glucose
tolerance, diabetes mellitus) metabolism [13].

Gingiva, alveolar bone, periodontal ligament, and root
cementum are the components of the periodontium that
covers and supports the teeth for mastication and several
other functions. Periodontal tissues have their own micro-
bial flora that lives in a defined homeostasis [14]. In
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consequence of biofilm formation and dysbiosis on the
tooth surface, immune response causing a clinical inflam-
matory state called ‘periodontal disease’ might occur in
susceptible cases [15]. Periodontal diseases, that considered
as the most common infection in adults emerge due to this
host-organism interaction is staged as gingivitis and peri-
odontitis. While only gingiva is involved in gingivitis,
periodontitis also affects the remaining parts of the peri-
odontium resulting in tissue degeneration and bone
resorption [16]. Inside the population aged >40 years, per-
iodontitis is known as the most frequent reason of tooth loss
whereas some cases may onset relatively earlier (<25 years)
and show a rapid destruction with higher rate of genetic
susceptibility whereas a relatively slow progress with the
influence of predisposing factors such as smoking, mal-
occlusion, incompatible restorations is more common
[16, 17]. In addition to biofilm and predisposing local fac-
tors, several systemic conditions involving diabetes, cardi-
ovascular diseases, obesity/metabolic syndrome,
rheumatoid arthritis have been found to be associated with
periodontal diseases [15].

Besides most frequent extra- and intra-oral findings such
as frontal bulge, nasal, and labial changes, increased man-
dibular growth and prognathism, diastemas, malocclusion,
increased arch width, tongue enlargement [18, 19], tooth
mobility and gingival overgrowth are the earliest detected
periodontal findings in acromegaly patients. Clinicians
often diagnose acromegaly relatively late due to its slowly
progressing course and late emergence of the symptoms [6].
Like other symptoms, slowed periodontal destruction is a
remarkable finding in those patients and supported with
some papers [20, 21]. Previous studies attribute this finding
to the underlying mechanism associated with increased
secretion [22, 23] and binding of IGF-1 to IGFBP-3 [24]
that mediates GH stimulation and related anabolic activities
inside the body [25]. Accordingly, a slowed periodontal
tissue destruction process is expected due to this mechanism
[26, 27]. Hence, the association between higher IGFBP-3
levels and less periodontal disease in the general population
may support this phenomenon [23].

The first case reports speculating a possible relationship
between acromegaly and periodontal conditions mainly
focused on gingival inflammation and hyperplasia [28]. In
2007, Japanese authors reported a periodontitis case treated
by bromocriptine in an acromegalic patient [29]. Two years
after, Lima et al. [21] decided to investigate the periodontal
status of 16 acromegalic subjects by comparing with 20
healthy controls and claimed that acromegaly patients might
be less prone to periodontal destruction. Recently, three
comparative cross-sectional trials evaluated the prevalence
of periodontitis in acromegaly patients by periodontally
examining 23 [30], 47 [20], and 32 [23] cases. While lower
periodontitis frequency was present in first two of those

trials, the last one reported similar disease severity.
According to their interpretations, the low prevalence of
periodontitis was mainly attributed to the protective effect
of GH and abovementioned interaction between IGF-1 and
GH. However, considering the complexity of periodontal
disease pathogenesis [31], the existing data regarding to
periodontal findings in acromegaly is scant and the
mechanisms underlying the less tendency of periodontal
destruction and bone resorption in those patients still needs
to be highlighted. From this point of view, the present
comparative cross-sectional study aims to evaluate the
periodontal status of acromegalic individuals through clin-
ical and biochemical parameters.

Materials and methods
Patient selection

The study was designed as comparative cross sectional and
conducted between December 2015 and April 2017. All
procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the
institutional research committee (Hacettepe University
Local Ethics Committee, date: Mar 04, 2015; no: GO15/
173-08) and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. Thirty acro-
megaly patients (17 female, 13 male) treated for GH excess
(GH > 1 ng/mL in oral glucose tolerance test and increased
IGF-1) referred from Hacettepe University Medical School,
Department of Endocrinology and Metabolism participated
in the study [32]. The participants that gave consent to take
place aged between 35 and 60 years and did not have his-
tory of radiotherapy, pregnancy or lactation that can influ-
ence periodontal status and/or bone/tissue metabolism.
From nonsmoking individuals, 30 periodontitis, 20 period-
ontally healthy subjects that applied to Hacettepe Uni-
versity, Faculty of Dentistry, Periodontology Department
for periodontal treatment, or routine follow-up were also
included. The decision for diagnosis of periodontitis was
made according to the classification of Armitage [33] and
defined as >30% periodontal bone loss at more than seven
teeth whereas periodontally health was defined as no sign of
inflammation and bone loss.

Demographic and systemic data

Age, gender, and education status of the participants were
collected. After their physical examination, information of
the date of acromegaly diagnosis, history of surgical
operations, presence/absence of hypogonadism and soma-
tostatin analogues use information were obtained. In addi-
tion to their dentate status [34], presence/absence of
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macroglossia and gingival hyperplasia were also identified
by intraoral examination.

Blood cell, hormone, and metabolic variables

After collecting fasting venous blood samples between 8.00
and 9.00 a.m.; complete blood count and hormone variables
involving GH, IGF-1, prolactin, free T3, free T4, TSH, total
cholesterol, HDL, low-density lipoprotein, triglyceride,
HbAlc, and glucose were measured. Moreover bone
metabolism-related  variables including parathormone
(PTH), Vit D, bone alkaline phosphatase (B-ALP), calcium,
phosphorus, and magnesium levels were measured.

Periodontal variables

A PhD student, at her second year of education, accom-
plished the examination of the participants. She was cali-
brated by measuring attachment levels of 50 subjects not
associated with the trial and 0.88 intraexaminer calibration
value was achieved. The following indices were recorded
by using standardized periodontal probe (Michigan O
Color-Coded Probe, Hu-Friedy, Chicago, IL) for the
assessment of the periodontal status; plaque index (PI) [35],
gingival index (GI) [36], clinical attachment level (CAL),
and probing depth (PD). PI is the most preferred index
giving the plaque deposit level around the teeth. It was
detected by circulating the periodontal probe around the
neck of the tooth and giving the following scores according
to the amount of soft deposits; 0-no plaque, 1-plaque as a
thin biofilm in gingival margin, 2-visible plaque inside the
sulcus and gingival margin, 3-intense plaque inside the
sulcus and gingival margin. GI was determined with the
following scores and shows the level of gingival inflam-
mation; 0-no inflammation, 1-slight gingival inflammation,
color change and edema, no bleeding on probing, 2-
moderate gingival inflammation, color change and edema,
bleeding on probing. 3-advanced gingival inflammation,
color change and edema, spontaneous bleeding and/or
bleeding on probing. CAL was measured as the distance
from the junction of crown and the root surface (cemento-
enamel junction) to the deepest end of the gingival collar
finishes in the sulcus base. PD was measured from the most
coronal point of the gingival collar to the deepest end of the
collar endpoint in the sulcus base. All measurements were
made from six tooth surfaces (mesiobuccal, mid-buccal,
distobuccal, mesiolingual, mid-lingual, and distolingual)
and the scores were divided into number of regions after
having their sum. During those measurements, the presence
of bleeding at any region 10-15 s after probing was recor-
ded as BOP (+). After recording, PD data were exhibited as
PD and proximal (prox.) PD.
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Gingival crevicular fluid sampling and storage

Before achievement of clinical recordings, gingival cre-
vicular fluid (GCF) sampling was carried out according
to well-known procedures [37] to identify levels of
markers specifically associated with inflammation and
bone resorption. In order to keep the samples from GCF
flow stimulation and blood contamination, GCF was
collected 1 day after periodontal variable measurements.
The deepest periodontal pockets were chosen for col-
lecting GCF with standardized paper strips (Periopaper®,
Interstate Drug Exchange, Amityville, NY, USA). Just
before sampling, supragingival plaque was removed
from the respective region. Then, the area was isolated
with cotton rolls and gently air-dried during S5s.
Mesiobuccal, mid-buccal, distobuccal, and mid-palat-
inal/lingual sites were sampled with the strips inserted
from the pocket orifice of the teeth and the strips were
kept in place for 30 s until taking the slight resistance
from the base of the pocket and kept inside for 30 s. The
visibly blood contaminated samples were discarded.
After taking out the strips, they were placed into the
holder of Periotron 8000® (Oraflow Inc., Plainview, NY,
USA) and digital measurement of the liquid volume on
the strips was recorded into the database of the connected
computer. Then, the strips were transferred into the
Eppendorf tubes and stored at —80°C until further
analyses. The values were then converted to actual
volume (microliters) by using this formula: ELISA x 0.2
/ GCF volume (pg/uL)

Biochemical analysis of GCF samples

Following completion of the sampling process from all
patients, the stored Eppendorf tubes were transferred to
Biochemistry Department in Hacettepe University Faculty
of Medicine inside dry ice protected packages. The frozen
samples were dissolved at room temperature and then per-
taining ELISA kits (Eastbiopharm, Hangzhou, Republic of
China), including measurement of GH, IGF-1, prolactin
PTH, Vit D, B-ALP, receptor activator of NF-xB ligand
(RANKL), carboxyterminal telopeptide of type I collagen
(ICTP), IL-18, IL-4, IL-6, and IL-10 amounts, were used to
identify the protein levels. In brief, paper strips were placed
into the standard ELISA buffer solutions for dilution and
ELISA reactions were started inside the microtiter plates
according to each manufacturer’s recommendations. Fol-
lowing color change that shows the completion of the
reaction, absorbance values at 450 nm wavelengths were
detected by using spectrophotometer. Then, analyzers were
benefited from standardized curves to calculate GCF protein

levels as pg/uL.
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Statistical analysis

IBM SPSS Statistics v.22.0 software program was used for
statistical tests. To measure intergroup differences, one-way
ANOVA test was performed. Before making comparisons,
the distribution of the data was assumed as consistent with
normality. According to the results, the threshold value for
p was approved as 0.05 for intergroup differences. The
homogeneity of the variances was also tested with Levene’s
Test for Equality of Variances and p <0.05 showed non-
homogenous variances. In such cases, Tamhane’s
T2 statistics method was used for multiple comparisons. If
p>0.05, the variances were defined as homogenous and to
determine the origin of the difference, Tukey’s HSD post
hoc test was applied.

Results
Demographic and systemic data

The data associated with age, gender, accompanying sys-
temic diseases, the date of acromegaly diagnosis and
initiation of complaints, history of surgical operations,
medical treatment status, presence/absence of hypogo-
nadism and use of somatostatin analogues are given in
Table 1.

Accordingly, the age, gender, and education distribution
of the patients were homogenous. Most of the acromegalic
individuals had hypertension as accompanying systemic
disease. A total of 93.7% of them took active medical
treatment with/without surgical therapy for acromegaly.
Although the complaints of the population usually started
10-20 years before, their diagnosis of acromegaly could be
made in the last 5-10 years. Except five persons, all parti-
cipant acromegalics were exposed to a surgical acromegaly
treatment. None of the participants was completely eden-
tulous. Only one case demonstrated high number of tooth
loss in acromegaly group due to caries and caries was
reported as the main reason for the loss. Except this case,
none of the acromegaly patients showed more than three
teeth loss and most of them kept all their natural teeth.
Twelve acromegaly patients had macroglossia whereas
none of the participants in periodontitis and healthy groups
showed any finding of an enlarged tongue. In total, four
participants had gingival hyperplasia and divided into two
equal shares for periodontitis and acromegaly groups.

Serum, hormone, and metabolic variables
When the serum samples were evaluated in terms of blood

cell variables, healthy patients showed statistically higher
MPYV but reached to statistical difference at the comparison

only with periodontitis group (p <0.05). Number of leu-
kocytes exhibited lower values for healthy patients com-
pared with other groups (p <0.05). Acromegaly group did
not reveal any remarkable and specific complete blood cell
count findings (data not shown).

The mean GH was 2.56 +4.86 ng/mL, 2.50 = 3.09 ng/mL,
and 0.53+0.95ng/mL for the acromegaly, healthy and
periodontitis groups, respectively. According to the inter-
group comparisons, periodontitis had the lowest amount
and the difference was statistically significant (p <0.05)
whereas acromegalics demonstrated similar GH with
healthy patients. Another important marker IGF-1 revealed
following 220.38 + 167.62 ng/mL, 152.11 £45.56 ng/mL,
and 113.31 £45.01 ng/mL for acromegaly, healthy, and
periodontitis patients, respectively. The differences
between acromegaly and periodontitis (p <0.001) and
between acromegaly and healthy (p <0.05) were statisti-
cally significant. Although ACTH exhibited lower values
for healthy patients compared with others (p <0.05), its
range was within the normal values for all groups. Cortisol
levels did not differ among the study groups (p > 0.05).
Free T3 expressing thyroid functions was remarkably low
in acromegaly patients and the difference was valid for
both comparisons with periodontitis and healthy groups
(p<0.05) (Table 2).

Among cholesterol markers, only HDL was significantly
higher in healthy group (p <0.05). Bone and bone meta-
bolism markers including Vit D, B-ALP, Ca, P, and Mg did
not show remarkable intergroup difference (p>0.05)
(Table 3).

Periodontal variables

Remarkably high PI, GI, CAL, and GCF volume was seen
in periodontal variable evaluation in periodontitis group.
When hygiene and inflammation-related variables were
considered, in addition to highest mean PI for periodontitis
group (2.00 £+ 0.45), acromegaly group showed significantly
higher PI (1.36+0.91) compared with healthy patients
(0.55 +£0.35) (p<0.001). GI also showed similar intergroup
differences with following mean values; 1.01 +0.78, 0.15 +
0.23, and 1.61 £0.52 that are consecutive for acromegaly,
healthy, and periodontitis (p <0.001). Mean CAL was
1.66 £+ 0.66 mm in acromegaly group, slightly less than
healthy group showing corresponding value of 1.82 %
0.62 mm. Although this difference was not statistically
significant, values in both healthy and acromegaly groups
defined lower numbers of CAL compared with periodontitis
(p<0.001). Mean PD and prox. PD also indicated the
similar intergroup relationship with CAL (p <0.001).
Higher mean GCF volume existed in both periodontitis
(112.58 £24.88 mL) and acromegaly (56.39 +26.14 mL)
patients compared with healthy group (22.85 + 10.66 mL)
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Table 1 Demographic and systemic information of the patients

Acromegaly Healthy Periodontitis Total
Age 44.83+10.94 38.50 = 8.58 48.93 +9.83 44.79 +10.67
Gender
Female 17 (56.6%) 16 (80.0%) 18 (60.0%) 51 (63.8%)
Male 13 (43.4%) 4 (20.0%) 12 (40.0%) 29 (36.2%)
Education status
less than high school 21 (70.0%) 8 (40.0%) 18 (60.0%) 47 (58.8%)
high school 9 (30.0%) 10 (50.0%) 9 (30.0%) 28 (35.0%)
more than high school 0 (0.0%) 2 (10.0%) 3 (10.0%) 5 (6.2%)
Accompanying diseases
None 9 (30.0%) 20 (100.0%) 30 (100.0%) 59 (73.7%)
Diabetes 5 (16.6%) - - 5 (6.2%)
Hypertension 14 (46.6%) - - 14 (17.5%)
Sleep apnea 1 (3.3%) - - 1 (1.3%)
Osteoporosis 1 (3.3%) - - 1 (1.3%)
Medical treatment
No therapy 2 (6.6%) 20 (100.0%) 30 (100.0%) 52 (65.0%)
Active 10 (33.3%) - - 10 (12.5%)
Previous 18 (60.0%) - - 18 (22.5%)
Diagnosis
None - 20 (100.0%) 30 (100.0%) 50 (62.5%)
Last 5 years 10 (33.3%) - - 10 (12.5%)
5-10 years 9 (30.0%) - - 9 (11.3%)
10-20 years 9 (30.0%) - - 9 (11.3%)
>20 years 2 (6.6%) - - 2 (2.5%)
Initiation of complaints
None - 20 (100.0%) 30 (100.0%) 50 (62.5%)
Last 5 years 5 (16.6%) - - 5 (6.2%)
5-10 years 10 (33.3%) - - 10 (12.5%)
10-20 years 13 (43.3%) - - 13 (16.3%)
>20 years 2 (6.6%) - - 2 (2.5%)
History of pituitary surgery
No surgery 5 (16.6%) 20 (100.0%) 30 (100.0%) 55 (68.8%)
Last 5 years 12 (40.0%) - - 12 (15.0%)
5-10 years 5 (16.6%) - - 5 (6.2%)
10-20 years 6 (20.0%) - - 6 (7.5%)
>20 years 2 (6.6%) - - 2 (2.5%)
Dentate status
Completely edentulous 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Edentulous in one arch 1 (3.3%) 0 (0.0%) 5 (16.7%) 6 (7.5%)
Some natural teeth present 5 (16.6%) 0 (0.0%) 7 (23.3%) 12 (15.0%)
All natural teeth present 24 (80.0%) 20 (100.0%) 18 (60.0%) 62 (77.5%)
Macroglossia
Present 12 (40.0%) 0 (0.0%) 0 (0.0%) 12 (15.0%)
Absent 18 (60.0%) 20 (100.0%) 30 (100.0%) 68 (85.0%)
Gingival hyperplasia
Present 2 (6.6%) 0 (0.0%) 2 (6.7%) 4 (5.0%)
Absent 28 (93.4%) 20 (100.0%) 28 (93.3%) 76 (95.0%)

Values are given as mean + SD and N (%)
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Table 2 Hormone variables Acromegaly (N=30) Healthy (N=20) Periodontitis (V=30) Total
GH (ng/mL) 2.56.+4.86 2,50 +3.09" 0.53 £0.95° 1.75+3.36
IGE-1 (ng/mL)  220.38+167.62" 152.11£4556"  113.31+45.01 163.16 + 118.41
ACTH (pg/mL)  25.00%11.14 15.53+8.61° 27.71 = 18.09° 22.97 = 14.69
Cortisol (ug/dL)  11.11£2.17 11.83+4.68 1271 +334 12.04 + 3.64
Prolactin (ng/mL)  17.23 +26.63 10.44 +5.43 9.84+4.77 12,61 + 16.46
Free T3 (pmol/L)  4.54%0.66™° 5.09+0.71° 5194071 4.94+0.74
Free T4 (pmol/L)  11.80%2.93 11.03+1.16 10.94 +1.07 11.26 +1.94
TSH (uIU/mL) 115+ 1.08¢ 2,06+ 1.04° 1.84=1.07 1.67+1.12

Table 3 Bone and metabolic
variables

and the difference was statistically significant (p <0.001)

(Table 4).

Values are given as mean = SD

GH growth hormone, IGF-I insulin-like growth factor-1, ACTH adrenocorticotropic hormone, 7SH

thyrotrophin stimulating hormone

“Significantly different from healthy (p <0.05)
®Significantly different from periodontitis (p <0.001)

“Significantly different from healthy (p <0.05)
dSignificantly different from acromegaly (p <0.05)

“significantly different from acromegaly (p <0.001)

Acromegaly Healthy Periodontitis Total

(N=130) (N=20) (N=130)
Ca (mg/dL) 9.69+0.38 9.61 +0.28 9.56+0.33 9.61+0.33
P (mg/dL) 3.63+0.66 3.54+0.53 3.26+0.45 3.46+0.56
Mg (mg/dL) 2.05+0.20 2.13+0.12 2.03+0.15 2.07+0.16
B-ALP (U/L) 0.62+0.24 0.73+0.32 0.64+0.26 0.66 +0.27
Vit D (ug/L) 19.68 +10.57 16.02 +6.59 19.41 £6.16 18.35+7.89
PTH (pg/Ml) 60.92 +30.37 51.32+13.82 59.99 +18.16 57.20 +20.69
Glucose (mg/dL) 102.34+17.16 91.19£23.25 102.00 £ 6.69 98.60 + 17.37
HbAlc (%) 5.63+0.57 5.28+0.53 545+0.35 5.45+0.50
Total cholesterol (mg/dL) 199.44 + 38.67 213.73 £48.02 198.55+47.83 203.88 +44.46
HDL (mg/dL) 50.16 +£9.95 61.21£12.93%¢ 48.89+10.51° 53.45+12.29
LDL (mg/dL) 138.25+31.22 142.65+37.11 131.73 £36.59 137.93 +34.47
Triglyceride (mg/dL) 145.75 + 89.66 105.21 £57.75 144.84 £79.42 132.18 +78.84

Values are given as mean = SD

PTH parathormone, HDL high-density lipoprotein, LDL low-density lipoprotein, B-ALP bone alkaline
phosphatase, P phosphorus, Ca calcium, Mg magnesium, Hb hemoglobin

“Significantly different from periodontitis (p <0.001)
®Significantly different from healthy (p <0.001)
“Significantly different from acromegaly (p <0.001)

Correlations among serum GH, IGF-1, and CAL

In general, GH and IGF-1 showed positive correlation
(p <0.05). The mean values of all participants revealed a
strong negative correlation between IGF-1 and CAL (p <

0.01), while the same correlation was at the opposite

direction in healthy group (p <0.05) (Table 5).

Biochemical analysis of GCF samples

The values measured by ELISA after GCF sampling
revealed significant differences for GH, Prolactin, IL-1f,
IL-10, and ICTP. While the highest mean value was
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Table 4 Periodontal variables

Table 5 GCF variables

Acromegaly (N =30) Healthy (N =20) Periodontitis (N=30) Total
PI 1.36+0.91%° 0.55+0.35>°¢ 2.00+0.45% 9 1.40+0.85
Gl 1.01+0.78%¢ 0.15+0.23%°¢ 1.61£0.52%¢ 1.03+0.81
CAL (mm) 1.66 + 0.66° 1.82+0.62° 3.11+0.52%°¢ 2.24+0.90
PD (mm) 1.39 +0.36" 1.52£0.48° 2.60 +0.49% ¢ 1.87+0.72
Prox. PD (mm) 1.46 +0.40° 1.61£0.55° 2.90+0.76° 2.06+0.91
GCF volume (ml)  56.39 +26.14% ¢ 22.85+10.66> © 112.58 £24.88% ¢ 69.08 +42.73

Values are given as mean = SD

PI plaque index, GI gingival index, CAL clinical attachment level, GCF gingival crevicular fluid

“Significantly different from periodontitis (p < 0.05)

"Significantly different from periodontitis (p <0.001)
“Significantly different from healthy (p <0.001)
dSignificantly different from acromegaly (p < 0.05)

®Significantly different from acromegaly (p <0.001)

Acromegaly (N=30) Healthy (N=20) Periodontitis (N=30) Total

GH (uIU/mL) 6.95+2.19* 8.16 £2.29* 5.03+0.94% ¢ 6.53+2.22
IGF-1 (ng/mL) 4.15%3.55 4.68+3.93 4.40+4.19 438+3.85
Prolactin (pg/mL) 306.14 + 131.68" ¢ 218.61 £32.30° 220.69 +42.80° 252.21+95.16
PTH (pg/mL) 30.31+9.93 31.35+12.93 30.16 +4.87 30.51+9.24
Vit D (pg/mL) 44.08 +2.07 4443 +1.44 4523+1.42 44.60+1.75
B-ALP (IU/L) 79.25+9.36 88.23+14.01 87.22+17.24 8448 +14.32
RANKL (pg/mL)  320.60 + 166.33 270.72+£39.99 288.96 +33.41 296.26 +106.59
OPG (pg/mL) 0.29+0.03 0.29+0.07 0.29+0.04 0.29+0.05
RANKL/OPG 1.02+0.04 1.05+0.04 1.16 £0.20 1.08 £0.00
ICTP (ng/mL) 6.18 £2.05° 733 +1.56% 7.00 +1.20 6.78 = 1.70
IL-1p (pg/mL) 33.59+21.80% 21.47+8.79* 69.53 £46.53%° 44.04 +37.48
IL-4 (pg/mL) 33.39+3.34 31.48 £5.40 31.62+5.62 32.25+4.85
IL-6 (pg/mL) 13.60 = 1.66 12.35+1.65 13.64+2.79 13.30+2.20
IL-10 (pg/mL) 292+2.17%°¢ 4.67+1.61° 531+1.57° 4.25+2.10

Values are given as mean + SD

GH growth hormone, /GF insulin-like growth factor, PTH parathormone, B-ALP bone alkaline phosphatase,
RANKL receptor activator of NF-kB ligand, OPG osteoprotegerin, /[CTP carboxyterminal telopeptide of type
I collagen, IL interleukin

“ignificantly different from periodontitis (p <0.001)
®Significantly different from healthy (p < 0.05)
“Significantly different from healthy (p <0.001)
dSignificantly different from acromegaly (p < 0.05)

®Significantly different from acromegaly (p <0.001)

observed in healthy patients (8.16 +£2.29 plU/mL) (p < 0.05),
acromegalics also showed higher amount of GH (6.95 +
2.19 plU/mL) compared with periodontitis cases (5.03
0.94 plU/mL) (p<0.001). Compared with other two
groups, prolactin was remarkably high in acromegaly
patients (p <0.05). The mean values for IGF were detected
as 4.40+4.19ng/mL, 4.68+3.93ng/mL and 4.15%
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3.55ng/mL all of which did not statistically differ among
each other (p>0.05). While the measurements of ICTP
(p <0.05) and IL-10 (p <0.001) were lower in acromegalic
patients, periodontitis group showed increased IL-1 and -10
values (p <0.001). Other variables involving PTH, Vit D,
B-ALP, RANKL, OPG, IL-4, and -6 did not show any
significant intergroup difference (Table 6).
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Table 6 Correlations among GH, IGF-1, and CAL

GH IGF-1 CAL
Acromegaly
GH 1.000 0.208 0.258
IGF-1 0.208 1.000 —0.074
CAL 0.258 —0.074 1.000
Healthy
GH 1.000 0.074 —0.294
IGF-1 0.074 1.000 —0.514%
CAL —0.294 —0.514* 1.000
Periodontitis
GH 1.000 0.060 —0.148
IGF-1 0.060 1.000 0.063
CAL —0.148 0.063 1.000
Total
GH 1.000 0.260" —0.240"
IGF-1 0.260* 1.000 —0.373°
CAL —0.240° —0.373° 1.000

GH growth hormone, IGF insulin-like growth factor, CAL clinical
attachment level

Correlation is significant at the 0.05 level (two-tailed)

bCorrelation is significant at the 0.01 level (two-tailed)

Discussion

The existing data in the literature is still inadequate to arrive
at a certain conclusion in periodontal status of the acro-
megaly patients. The slowed periodontal disease progres-
sion was strongly asserted by Lima et al. [21] in 2009 in the
shade of knowledge with opposite opinion [29] and some
subsequent papers supported their findings by cross-
sectional evaluations [20, 30] whereas other half of the
relevant literature carried on disclosing contrary results
[23]. Periodontal status of acromegalic individuals, through
clinical variables, was investigated in the present study.
Parallel to some existing results, the tendency of less peri-
odontal destruction was detected in acromegaly patients
strengthening the first part’s opinion.

Information regarding the underlying mechanisms is still
not clear at all. Some papers attributed the expectance of
less periodontal destruction in acromegalics to the activated
GH-receptor interaction on the osteoblasts and activation of
bone morphogenic protein-2 and -4 secretion from fibro-
blasts [20, 38]. Their results were confirmed by experi-
mental [39] and human [21] studies. More frequent
osteoporosis and bone loss related with GH deficiency also
supports the expectance albeit the effects of excess GH on
bone tissue still need clarification [40, 41]. In the present
study, similar to healthy controls, acromegaly patients had
higher serum GH levels and less severe periodontal
destruction presented by lower CAL compared with

periodontitis. Moreover, even though not significant, a
negative correlation between CAL and GH was also
detected in healthy and periodontitis patients. These results
supported the idea of protective role of GH in bone and
periodontal attachment loss. Local serum IGF-1 or IGFBP-3
levels are the second possible mechanism regarding the
same issue. From those limited number of relevant studies
including healthy control groups, Bascil et al. [30] detected
greater whereas Harb et al. [23] showed relatively low
values of IGF-1 in acromegaly patients exhibiting more
advanced periodontal destruction. Even though GCF IGF-1
values of acromegalics were similar with others, the sig-
nificant negative correlation between IGF-1 and CAL in the
present study also supported this argument. The only study
evaluating IGFBP-3 as a potential role player in periodontal
status of acromegaly presented lower values in healthy
control subjects [23]. Our findings that gave similar IGF-1
amounts in GCF for all participants were different from the
abovementioned studies probably associated with the
number of acromegalics exposed to pituitary surgery and
nutrition habits. However, the real cause-effect relationship
must be clarified with further trials.

Previous studies that saw acromegalics with periodontitis
featured CAL to define the periodontal diagnosis of their
patients; independent from the area and CAL on buccal/
lingual areas overestimated the periodontal disease [21, 30].
However, factors such as occlusal problems due to the
increased jaw and higher force of mastication or hyper-
trophy of muscles may change position of teeth and can
promote gingival recession. That is why PD seems to be as
critical as CAL to understand the status. In furtherance, the
new classification of the periodontal diseases elicits the
conditions of the proximal areas in defining the status of
periodontitis [42]. From this point of view, in the present
study, even though no difference was detected in its course
compared with CAL, manifesting the PD and especially
proximal PD results of those patients was important and
will be too in the future.

The role of various hormones such as PTH [43], thyroid
hormones [44], cortisol [45], ACTH [46], estrogen, and
testosterone [47] in periodontal diseases have been indi-
cated previously. From those, cortisol is a stress-related
hormone produced from adrenal cortex and its amount is
increased by stimulated ACTH release from pituitary gland.
Suppression of immune response by the alteration of cor-
tisol and ACTH may increase the periodontal bone loss
potential [46]. In the present study, while acromegaly and
periodontitis patients had greater ACTH, similar cortisol
levels were measured at all study groups. However, all
those values were within the normal range. Despite the
presence of previous studies showing a positive correlation
between cortisol levels and periodontal disease [48, 49],
studies that do not confirm this result also exist [50, 51].
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Variable results matching with the present ones can be
explained with the high number of factors such as age,
gender, socioeconomic status, marital status, and life
experiences that may affect cortisol/ACTH interactions.

Increased serum GH and IGF-1 levels have been
demonstrated to reduce the quality of bone and might be
associated with calcium imbalance and hypercalciuria
[9, 52]. A recent trial also detected accelerated bone turn-
over due to measured biochemical and histomorphometric
changes among acromegalics. However, opposite results
with normal or high bone density in those patients have also
been reported by others [53]. RANKL and OPG are among
the effector mediators of IGF-I on bone remodeling [54] and
thus, before starting the trial, it was predicted that some of
the bone and metabolic variables such as Vit D, B-ALP,
PTH with RANKL, OPG, ICTP, or some other inorganic
compounds might give important clues about the slowed
bone and periodontal destruction in acromegaly patients.
However, either in venous blood or in GCF, none of these
variables except ICTP showed remarkable intergroup dif-
ference. Lower ICTP in acromegalics indicates that the
mechanisms associated with collagen metabolism might
explain the slowed destruction. However, more variables
such as matrix metalloproteinases and other collagen-related
mediators should be assessed to highlight the possible
associated interactions.

On the other hand, in the present study, plaque-
associated gingival inflammation in acromegaly and peri-
odontitis patients complicated the clarification process of
these mechanisms by playing significant confounding role
in the effects of inflammation-related variables. For exam-
ple, the severe gingival inflammation findings might be
related with relatively higher IL-1f and lower IL-10 also
supports these well-known interactions [55]. Absence of
significant intergroup difference in IL-4 and -6 may detract
the researchers to investigate their effects in acromegaly
patients. Independent from all, the role of ICTP inside these
mechanisms still keeps its mystery and remains to be further
analyzed with studies carrying the chance of adjusting these
effects by their high sample sizes.

Presence of comorbidities must be considered as a
potentially important factor that plays role in the periodontal
status of the acromegaly patients [56]. Acromegaly is linked
with impaired lipid and glucose metabolism that associates
with glucose intolerance and related diabetes mellitus
[9, 57]. The significant effect of high number of diabetic
acromegaly cases to the periodontal status of acromegaly
patients in some of the previous reports also supported this
phenomenon [20, 21, 23]. However, parallel to some others
[58, 59] our data gave similar periodontal status for diabetic
and nondiabetic individuals. This result might be linked
with the limiting effect of acromegaly on periodontal
destruction despite the presence of accompanying diabetes
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but must be interpreted with caution because of regulated
blood glucose course of the present participants showing
HbA1c values around 5% [60]. Furthermore, hypertension,
another well-known comorbidity in acromegalics with its
cholesterol associated variables [61], did not change the
intergroup similarity of this data despite its potential con-
founding effects on periodontal status. As a speculation,
these results might be attributed to the overriding effect of
GH to the other comorbidities in modulating the periodontal
status of acromegaly patients.

The study harbored some limitations. One is the inade-
quate number of cases and healthy controls depending on
the low prevalence of acromegaly in a specific population
[21] and the difficulty to find healthy controls with matched
age. The high number of acromegaly cases showing plaque-
associated inflammation also limited better understanding
the pure effect of acromegaly on these variables. That is
why; it seems indispensable to design future studies in a
multicentered fashion. The presence of several comorbid-
ities in these patients should be considered as another
limitation.

Conclusion

Either because of complex hormonal changes or comor-
bidities such as diabetes and hypertension, acromegaly is a
rare disease that its role on periodontal status is quite dif-
ficult to understand. However, the limited information
exhibiting slowed periodontal destruction in those patients
makes this disease worthwhile to explore. On the other
hand, it may present a valuable model to understand the
protective mechanisms and lower susceptibility in period-
ontal destruction. Within its limitations, the present study
confirmed the relevant ‘slowed periodontal destruction of
acromegalic individuals’ information in the literature and
found significant clues regarding the more powerful role of
inflammation- and collagen metabolism-related mechanisms
rather than bone-associated ones. However, the reduced
tendency of periodontitis could not be explained by neither
increased IGF-1 nor existing diabetes/hypertension. As a
consequence, in addition to the need for further confirma-
tion of slowed periodontal destruction, the other mechan-
isms possibly bonded to GH/IGF-1 relationships and
collagen metabolism, to explain the decelerating periodontal
bone loss in acromegalics still needs further investigation.
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