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Abstract
Purpose Studies investigating hyperostosis frontalis interna (HFI) in acromegaly are limited. We aimed to investigate 
HFI and the association of disease control with frontal bone thickness (FBT) in acromegaly.

Methods Adult patients with acromegaly were grouped according to the presence of HFI on the baseline MRI: Group 
1 absent, Group 2 present. We measured FBT, parietal bone thickness (PBT) and occipital bone thickness (OBT) in the 
mid-sagittal plane on MRI. The changes between first and last measurements were analyzed. We grouped the patients 
as controlled vs. uncontrolled acromegaly, and as established disease control for at least 5-year vs. 1-5-years.

Results Group 1/Group 2 comprised of 23/29 patients, female/male ratio was 34/18, and mean age 55.41(± 14.21) 
years. Median follow-up duration was 108 months (6-408). FBTfirst (p = 0.001), FBTlast (p < 0.001), PBTlast (p = 0.025), and 
OBTlast (p = 0.028) were higher in Group 2 than in Group 1. FBTchange, PBTchange, and OBTchange were positive in Group 2 
(p < 0.001, p = 0.008, and p = 0.008; respectively). The ratio of patients with FBT(increased) was higher in Group 2 than 
in Group 1 (p = 0.001). FBTfirst, FBTlast, PBTfirst, PBTlast, OBTfirst, OBTlast, FBTchange, PBTchange and OBTchange were similar in 
controlled or uncontrolled acromegaly groups. FBTchange and OBTchange were positive in patients with disease control 
established for at least 5 years (n = 30) (p = 0.027 and p = 0.002, respectively).

Conclusion HFI was common in patients with acromegaly. HFI is associated with a continuous increase in FBT, PBT 
and OBT. HFI, bone thickness, or increase in bone thickness seems independent of disease activity. Since headaches 
can be related to an increase in bone thickness, patients should be evaluated and graded during baseline imaging.
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Introduction
Acromegaly is usually caused by a pituitary tumor pro-
ducing growth hormone (GH), which secondarily leads 
to a high level of insulin-like growth factor 1 (IGF-1) [1, 
2]. In addition to the classical physical features associated 
with acromegaly, excess GH and IGF-1 can lead to rapid 
changes in bone structure, including increased bone 
turnover and loss, with a greater impact on vertebral 
bones, which may lead to an increased risk of vertebral 
fractures [3, 4].

Hyperostosis frontalis interna (HFI) is characterized by 
irregular thickening of the endocranial part of the fron-
tal bone and usually asymptomatic incidental finding 
detected by cranial imaging performed for another rea-
son [5]. Although the pathogenesis of HFI has not been 
fully elucidated, it has been suggested that obesity, viril-
ism, diabetes mellitus, toxic goiter, prolonged estrogen 
stimulation, menopause, hypogonadism, neurological 
and mental disorders might be associated with the devel-
opment of HFI [6, 7, 8, 9]. It may be a part of Morgagni-
Stewart-Morel or Troell-Junet syndrome [6, 7].

Studies investigating the association of HFI with acro-
megaly are limited in the literature. In one study, the fre-
quency of HFI was found to be higher in patients with 
acromegaly than in controls [10]. The frontal bone thick-
ness was also higher in acromegaly [10]. Similar findings 
were reported also in another study [11]. HFI was pre-
sented as an incidental finding on magnetic resonance 
imaging (MRI) in an old female patient with acromegaly 
[12]. In our study, we aimed to investigate the frequency 
of HFI, and the association of disease control with frontal 
bone thickness in patients with acromegaly.

Materials and methods
Study population
Adult patients with acromegaly who were admitted to our 
clinics between January 2010 and December 2022 were 
included in this study. This observational, retrospective 
cohort study was approved by the Clinical Researches 
Ethics Committee of Zonguldak Bülent Ecevit Univer-
sity Medical Faculty (Approval number:2023/01), and 
was performed in accordance with the ethical standards 
specified in the 1964 Declaration of Helsinki and its later 
amendments. Written informed consent was obtained 
from all participants.

Adult patients who were diagnosed with acromegaly 
were included in the study. Those for whom data were 
lacking were excluded from the study. Patients with any 
disease involving the cranial bones, such as metabolic 
or neoplastic bone diseases, were not included in the 
study. Patients with a history of cranial surgery, except 
for transsphenoidal pituitary surgery, or major cranial 
trauma were also excluded from the study.

Data collection
Demographic (age, age at diagnosis of acromegaly, sex), 
clinical (duration of follow-up, previous history of type 
2 diabetes, hypothyroidism or hypogonadism, treatment 
modality [medical vs. surgical and medical]), labora-
tory (serum insulin-like growth factor 1 [IGF-1], fasting 
plasma glucose [FPG], growth hormone [GH], prolac-
tin, cortisol, and HbA1c) and cranial MRI findings (size 
of pituitary adenoma at the diagnosis [microadenoma 
vs. macroadenoma], frontal, parietal and occipital bone 
evaluation, HFI) were recorded from the written and 
electronic files.

Diagnosis of acromegaly
The diagnosis of acromegaly was based on phenotypic 
characteristics, excessive GH secretion with elevated 
serum IGF-1 levels, the absence of suppression of GH 
to < 1.0  µg/L after documented hyperglycemia main-
tained by oral glucose load, and the presence of pituitary 
adenoma on MRI, as described in the previous guideline 
[13].

Laboratory evaluation
In the previous acromegaly guideline, biochemical target 
goal for acromegaly was reported as an age-normalized 
serum IGF-1 value, which indicates control of acromeg-
aly [13]. We grouped the patients according to the IGF-1 
level measured at the follow-up as follows: controlled 
acromegaly, if the IGF-1 level was within the specific ref-
erence range for at least the previous year; uncontrolled 
acromegaly, if the IGF-1s level measured in the previous 
year were above the specific reference range. We also 
grouped the patients with controlled acromegaly as fol-
lows: established disease control for at least 5-year vs. 
disease control for 1-5-years.

Blood samples were obtained from the patients at 08.00 
AM after an overnight fasting for at least 8  h. GH and 
IGF-1 levels were measured by an automated two-site, 
solid-phase enzyme-linked chemiluminescent immuno-
assay on an Immulite 2000 system (IMMULITE 2000; 
Siemens Medical Diagnostics, Germany). The measure-
ment of IGF-1 at the last follow-up was labeled as “last”, 
and the measurement at the time of acromegaly diagno-
sis was labeled “first”. We analyzed FPG, GH, prolactin, 
cortisol, and HbA1c levels measured at the last follow-
up. FPG was measured by an enzymatic method via an 
ADVIA 2400 automated autoanalyzer (Bayer Diagnos-
tics, Tarrytown, NY, USA). HbA1c was measured in 
National Glycohemoglobin Standardization Program 
(NGSP) units by high-performance liquid chromatog-
raphy. Serum PRL and cortisol levels were measured by 
chemiluminescence using a Dxl 800 system (Beckman 
Coulter, Inc., Fullerton, CA, USA).
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Radiological evaluation
All patients underwent MRI at the time of diagnosis 
and during the follow-up period. MRI images obtained 
at the time of diagnosis and at the last follow-up were 
examined.

HFI was evaluated based on MRI performed at the 
time of acromegaly diagnosis. The last MRI was also 
evaluated for the presence or type of HFI. The diagno-
sis and classification of HFI was based on the studies of 
Hershkovitz et al. [5, 14]. According to these studies, the 
extent of involvement, appearance, border type, shape, 
and location of nodular growth on the endocrinal sur-
face of the frontal bone were examined and classified 
as follows: patients with single or multiple, unilateral 
or bilateral isolated elevated bony island(s), which were 
generally < 10  mm in size and commonly found on the 
anteromedial aspect of the frontal bone, were classified 
as type A; those with nodular bony overgrowths, without 
discrete margins and with only slight elevation identi-
fied on less than 25% of the frontal bone classified as type 
B; those with more extensive nodular bony overgrowth, 
associated with irregular thickening of up to 50% of 
the frontal endocranial surface classified as type C; and 
those with continuous bony overgrowth, involving more 
than 50% of the frontal endocranial surface, or the entire 
region with irregular elevation with sharp, clearly demar-
cated borders, were classified as type D.

Frontal, parietal and occipital bone thicknesses were 
measured in the mid-sagittal plane of MRI. Frontal bone 
thickness was measured at the end point of the frontal 
sinus on the frontal bone and was recorded as frontal 
bone thickness (FBT). Parietal bone thickness (PBT) was 
measured at the mid-point of union of right and left pari-
etal bones. Occipital bone thickness (OBT) was measured 
at the point just above the external occipital protuber-
ance. Bone thickness was measured based on MRI both 
at the time of diagnosis and at the time of last follow-up. 
Measurements of bone thickness at the last follow-up 
were labeled as “last”, and the measurements at the diag-
nosis of acromegaly were labeled as “first”. The changes 
between first and last measurements were defined as: 
“change=(last measurement)-(first measurement)”.

Patient groups
Patients were divided into two main groups on the basis 
of the presence of HFI on the baseline MRI performed at 
the time of diagnosis. Group 1 was defined as the absence 
of HFI, and Group 2 was defined as the presence of HFI.

Statistical analysis
For the data analysis, SPSS software (ver. 26.0; IBM Cor-
poration, Armonk, NY, USA) was used. The Shapiro-
Wilk test was used to assess the normality of the data. 
When two independent groups were compared in terms 

of quantitative measures, independent samples t tests for 
parametric tests and Mann‒Whitney U tests for nonpara-
metric tests were used. Pearson’s Chi-square tests were 
used to compare categorical variables. Wilcoxon signed 
rank test was used to assess the change in frontal, parietal 
and occipital bone thicknesses between the first and last 
measurements. Quantitative variables are reported as the 
median (minimum-maximum) and X(± Standard devia-
tion) in the tables. Categorical variables are reported as 
numbers (n) and percentages (%), and p-values < 0.05 
were taken to indicate statistical significance.

Results
A total of 52 patients were included, female/male ratio 
was 34/18. The mean age was 55.41(± 14.21) years. 
Median duration of follow-up was 108 months (6-408). 
Group 2 comprised of 29 (55.8%) patients. FBTfirst 
(p = 0.001), FBTlast (p < 0.001), PBTlast (p = 0.025), and 
OBTlast (p = 0.028) were higher in Group 2 than in Group 
1 (Table 1). Most frequent HFI Type was Type A (n = 15, 
51.7%) (Table  2). The ratio of presence of HFI did not 
change throughout the course of the disease. All patients 
with HFI at the time of acromegaly diagnosis had the 
same type of HFI at the last follow-up. HFI was not 
detected at the last follow-up in any of the patients with-
out HFI at the time of acromegaly diagnosis (data not 
shown in the tables).

FBTfirst, FBTlast, PBTfirst, PBTlast, OBTfirst and OBTlast 
were similar in controlled or uncontrolled acromegaly 
groups (Table 3). FBTchange, PBTchange, and OBTchange were 
significantly positive in Group 2 (p < 0.001, p = 0.008, and 
p = 0.008; respectively), but not significant in Group 1. 
FBTchange, PBTchange, and OBTchange were similar in con-
trolled and uncontrolled acromegaly groups (Table 4).

FBTchange and OBTchange were significantly positive 
in patients with disease control established for at least 
5 years (n = 30) (p = 0.027 and p = 0.002, respectively) 
(Table  5). FBT increased more frequently in Group 2 
than in Group 1 (p = 0.001) (Table 6).

Discussion
We found that HFI was present in more than half of the 
patients with acromegaly. Frontal, parietal, and occipital 
bone thickness significantly increased during the follow-
up period in the HFI group. Disease control was not 
associated with HFI, bone thickness, or increased bone 
thickness.

The frequency and severity of HFI have been shown to 
be associated with an increased age [15, 16]. We found 
that HFI was present in more than half of the patients 
with acromegaly. The frequency of HFI in our study was 
higher than that reported in the general population but 
seems to be similar to that reported in previous acro-
megaly studies [5, 11]. However, in a recently published 
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report, HFI was found at a frequency of 22% in patients 
with acromegaly [10]. They reported that the age at diag-
nosis of acromegaly was greater in patients with HFI than 
in those without HFI. It might be a confounding factor, 
based on the previous studies suggesting the association 
of age with the occurrence of HFI [15, 16]. We showed 
that the mean age at diagnosis was over 40 years and was 
similar in acromegaly patients with or without HFI in 
the present study. Additionally, we found that more than 

half of the acromegaly patients with HFI were female, 
which is consistent with the findings of previous stud-
ies [5, 10]. In previous studies, the frequency of HFI was 
shown to be 11.8% in women aged of 20–29, and 44.2% in 
those > 80-year-old [14, 17]. 90% of acromegaly patients 
with HFI were female according to a recent report [10]. 
However, we found no differences in the ratio of female 
sex between patients with HFI and those without HFI.

Table 1 Comparison of numerical variables according to the presence of HFI
Numerical Variable Group 1 (n = 23)

HFI absent
Group 2 (n = 29)
HFI present

Total (n = 52) p

Median (min.-max.)
Age (year) 56 (30–83) 59 (24–82) 58 (24–83) 0.412
Age at diagnosis (year) 44 (24–75) 44 (21–74) 44 (21–75) 0.775
Duration of
follow-up (month)

96 (12–252) 120 (6-408) 108 (6-408) 0.184

X (± SD) p
FBTfirst(mm) 7.30 (1.80) 10.04 (3.10) 8.82 (2.93) 0.001
FBTlast(mm) 7.21 (1.64) 11.17 (3.13) 9.42 (3.24) < 0.001
PBTfirst(mm) 6.09 (1.81) 6.78 (1.84) 6.48 (1.84) 0.128
PBTlast(mm) 6.33 (1.68) 7.57 (2.29) 7.02 (2.11) 0.025
OBTfirst(mm) 5.86 (1.64) 6.77 (2.16) 6.37 (1.98) 0.092
OBTlast(mm) 6.06 (1.34) 7.33 (2.26) 6.77 (2.00) 0.028
FPG (mg/dL) 112.78 (21.21) 122.68 (44.26) 118.30 (35.97) 0.978
HbA1c (%) 6.14 (0.77) 6.39 (1.54) 6.28 (1.26) 0.832
IGF-1first(ng/mL) 476.73 (215.89) 580.51 (296.67) 534.61 (266.72) 0.281
IGF-1last(ng/mL) 186.63 (82.07) 207.30 (98.87) 198.16 (91.60) 0.549
GH (ng/mL) 1.21 (1.25) 1.45 (2.07) 1.35 (1.75) 0.652
Prolactin (ng/mL) 8.18 (7.34) 8.88 (7.78) 8.57 (7.52) 0.541
Cortisol (µg/dL) 9.43 (5.47) 9.80 (5.78) 9.64 (5.59) 0.768
HFI: hyperostosis frontalis interna FBT: Frontal bone thickness PBT: Parietal bone thickness OBT: Occipital bone thickness FPG: Fasting plasma glucose IGF-1: Insulin-
like growth factor 1 GH: Growth hormone

Table 2 Comparison of categorical variables according to the presence of HFI
Categorical Variable Group 1 (n = 23)

HFI absent
Group 2 (n = 29)
HFI present

Total (n = 52) p

n(%)
Sex (female) 16(69.6) 18(62.1) 34(65.4) 0.571
HFI Type
 A N/A 15(51.7) N/A N/A
 B 6(20.7)
 C 6(20.7)
 D 2(6.9)
T2D (absent/present) 14(60.9)/9(39.1) 13(44.8)/16(55.2) 27(51.9)/25(48.1) 0.249
Hypothyroidism (absent/present) 16(69.6)/7(30.4) 18(62.1)/11(37.9) 34(65.4)/18(34.6) 0.571
Hypogonadism (absent/present) 11(47.8)/12(52.2) 18(62.1)/11(37.9) 29(55.8)/23(44.2) 0.304
Treatment Modality
 Medical 4(17.4) 3(10.3) 7(13.5) 0.461
 Both surgical and medical 19(82.6) 26(89.7) 45(86.5)
Microadenoma/Macroadenoma 1(4.3)/22(95.7) 4(13.8)/25(86.2) 5(9.6)/47(90.4) 0.233
Disease Control
 Controlled 17(73.9) 19(65.5) 36(69.2) 0.513
 Uncontrolled 6(26.1) 10(34.5) 16(30.8)
HFI: hyperostosis frontalis interna T2D: Type 2 Diabetes mellitus 1 N/A: Not applicable
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We found that the predominant type of HFI was type 
A in patients with acromegaly. HFI typing was based on 
the extension of nodular bony growth on the endocranial 
surface [14]. In previous studies investigating HFI, type 
A HFI was also the most common type of HFI both in 
patients with acromegaly and in the general population 
[10, 14, 18]. Indeed, type A, as the mildest form of HFI, 
may already be expected to be the most frequent type in 
the general population. On the basis of the present and 
previous studies, acromegaly does not seem to affect 
the proportion of types of HFI compared with the gen-
eral population [10, 14]. A positive effect of IGF-1 on 
bone metabolism has been revealed in previous studies 
[19, 20]. It was shown that bone turnover was acceler-
ated, and bone formation and resorption markers were 
increased in acromegaly [21]. The frequency of vertebral 
fractures was shown to increase in acromegaly, but bone 
turnover markers were not shown to be significant pre-
dictors of vertebral fractures [21, 22]. These studies may 
suggest that acromegaly leads to a decrease in bone qual-
ity in addition to bone density [21, 22]. HFI is associated 
with the formation of cancellous bone. We can argue that 
acromegaly might be associated with the occurrence of 
HFI, but the effect of acromegaly on bone metabolism 
seems not to increase the severity of HFI compared with 
that of HFI in the general population or associated with 
other causative factors [5, 10, 14]. The possible factors 

more directly associated with the extension of the HFI 
should be elucidated in future studies.

Acromegaly results in the enlargement of long bone 
ends and facial bones. This growth is often associated 
with periosteal bone deposition, and bone quality may 
differ from normal, as increased density is frequently 
accompanied by irregular mineralization. The skull and 
facial bones have distinct embryological origins; most 
cranial bones develop through intramembranous ossifi-
cation derived from the neuroectoderm, whereas facial 

Table 3 Comparison of bone measurements according to 
disease control for at least last-year

Controlled (n = 36) Uncontrolled (n = 16) p
X (± SD)

FBTfirst 8.33 (2.47) 9.94 (3.61) 0.171
FBTlast 8.84 (2.68) 10.71 (4.04) 0.142
PBTfirst 6.37 (1.82) 6.71 (1.92) 0.445
PBTlast 6.70 (2.10) 7.76 (2.03) 0.071
OBTfirst 6.09 (1.85) 7.00 (2.18) 0.194
OBTlast 6.60 (1.76) 7.17 (2.46) 0.545
FBT: Frontal bone thickness PBT: Parietal bone thickness OBT: Occipital bone 
thickness

Table 4 Comparison of changes in bone measurements according to presence of HFI and disease control for at least last-year
Group 1
HFI absent (n = 23)

Group 2
HFI present 
(n = 29)

pDifference
(Group1-2)

Controlled 
(n = 36)

Uncon-
trolled 
(n = 16)

pDifference
(Controlled-Uncontrolled)

Total (n = 52)

Median(min.-max.)/
p value

Median(min.-max.)/
p value

Median(min.-
max.)/
p value

FBTchange -0.10(-1.80–1.80)/ 
0.637

1.10(-1.50–
3.10)/<0.001

< 0.001 0.50(-1.80–
3.00)/0.012

0.70(-0.90–
3.10)/0.031

0.648 0.50(-1.80–
3.10)/0.001

PBTchange 0.30(-2.30–3.3)/0.115 1.00(-3.00 
- 3.20)/0.008

0.039 0.35(-3.00–
3.30)/0.125

1.05(-0.80–
3.20)/0.003

0.083 0.50(-3.00–
3.30)/0.003

OBTchange 0.20(-2.90–2.20)/0.338 0.50(-1.40–
3.50)/0.008

0.310 0.55(-2.90–
3.50)/0.007

0.25(-1.40–
1.70)/0.438

0.279 0.45(-2.90–
3.50)/0.008

HFI: hyperostosis frontalis interna FBT: Frontal bone thickness PBT: Parietal bone thickness OBT: Occipital bone thickness

Table 5 Changes in bone thickness measurements in patients 
with established disease control for at least 5 years

Established disease control for at least 5 
years
(n = 30)
Median (min.-max.) p value

FBTchange 0.6 (-1.80–3.0) 0.027
PBTchange 0.35 (-3.0–3.3) 0.198
OBTchange 0.65 (-2.90–3.50) 0.002
FBT: Frontal bone thickness PBT: Parietal bone thickness OBT: Occipital bone 
thickness

Table 6 Changes in bone thickness measurements according to 
duration of disease control and presence of HFI

FBT 
(increased)

PBT 
(increased)

OBT (in-
creased)

Disease Control n (%)
Controlled for 
> 5-year (n = 30)

20 (66.7) 20 (66.7) 22 (73.3)

Controlled for 
< 5-year (n = 6)

4 (66.7) 4 (66.7) 1 (16.7)

Uncontrolled (n = 16) 11 (68.8) 12 (75) 10 (62.5)
p value 0.989 0.835 0.031
HFI n (%)
Group 1 (HFI 
absent) (n = 23)

10 (43.5) 14 (60.9) 13 (56.5)

Group 2 (HFI 
present) (n = 29)

25 (86.2) 22 (75.9) 20 (69)

p value 0.001 0.245 0.355
HFI: hyperostosis frontalis interna FBT: Frontal bone thickness PBT: Parietal bone 
thickness OBT: Occipital bone thickness
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bones predominantly originate from neural crest cells 
[23, 24]. These embryological differences may explain 
the growth patterns and degrees of involvement in 
acromegaly. For instance, while periosteal reactions 
are observed in both conditions, pachydermoperiosto-
sis is a genetic disorder characterized primarily by skin 
and soft tissue thickening, usually without any associ-
ated hormonal abnormalities. These distinctions play a 
critical role in understanding the impact of embryologi-
cal origin and pathophysiological mechanisms on bone 
growth [25]. Another disease affecting bone growth is 
conditions such as McCune-Albright syndrome. The pri-
mary difference from the mechanism in acromegaly lies 
in the pathogenesis. In acromegaly, excessive stimulation 
of periosteal growth leads to the widening of long bones 
and soft tissue enlargement, even after the closure of the 
epiphyseal plate [26]. In contrast, McCune-Albright Syn-
drome (MAS) results from a mosaic activating mutation 
in the GNAS gene, leading to continuous activation of 
the cAMP pathway and the formation of fibrous dyspla-
sia in bones. This results in weak, irregular fibrous tissue 
replacing normal bone. Growth in acromegaly is gener-
ally homogeneous and hormone dysfunction-driven, 
whereas in MAS, growth is asymmetrical and localized, 
caused by a genetic mutation. Although pathological 
bone growth is observed in both conditions, their mecha-
nisms operate through distinct biological pathways [27]. 
Furthermore, patients with MAS were excluded from this 
study due to the absence of café-au-lait spots, commonly 
associated with McCune-Albright disease, in our patient 
group.

Coexistence of hypogonadism or adrenal insufficiency 
or over- or undertreatment with glucocorticoids also has 
a substantial effect on the interaction between acromeg-
aly and bone metabolism [21, 28]. Testicular atrophy and 
a decrease in androgen stimulation with age in men and 
menopause have been suggested to be associated with 
HFI [5, 18]. We detected no association between hypo-
gonadism and the presence of HFI in the present study. 
In HFI group, we observed an increase in bone thickness 
during the follow-up. The process occurred in acromeg-
aly patients with HFI might lead to an increase in bone 
thickness during the follow-up despite the management 
of acromegaly, and it may differ in those without HFI. It 
is difficult to propose the exact mechanism of the forma-
tion and extension of the HFI and the increase in cranial 
bone thickness in acromegaly patients with HFI. In previ-
ous studies, hypogonadism, menopause, female sex and 
thyroid disease were shown to have some impact on the 
development of HFI [14, 29, 30]. In our study, we showed 
that hypothyroidism or diabetes was not associated with 
the presence of HFI in patients with acromegaly.

May et al. reported diffuse increases in the thickness 
of calvarial bones in postmenopausal women with HFI 

[31]. In a previous study investigating HFI in acromegaly 
patients, frontal bone thickness was significantly greater 
in the acromegaly group than in the control group; how-
ever, parietal and occipital bone thicknesses were similar 
between the acromegaly and control groups [10]. Hersh-
kovitz et al. showed an increase in frontal bone thickness 
in HFI [14]. We showed that bone thickness was higher 
in patients with HFI than in those without HFI. Addi-
tionally, temporary changes in FBT, PBT, and OBT were 
examined in acromegaly patients in the present study. 
Our findings suggest that FBT, OBT and PBT increased 
throughout the course of acromegaly in the presence of 
HFI. We showed that frontal, parietal or occipital bone 
thickness; changes in bone thickness; and the presence of 
HFI were not associated with disease control in patients 
with acromegaly. The pathogenesis of HFI in acromegaly 
may involve factors other than IGF-1, or HFI may occur 
after pre- and postdiagnosis exposure to high IGF-1 lev-
els for a longer time than the disease duration we exam-
ined. In addition, the effectiveness of medical or surgical 
treatment for acromegaly and impaired drug adherence 
might affect the association of IGF-1 with HFI [13, 32, 
33]. We showed that no patients without HFI at the time 
of diagnosis had HFI during the course of acromegaly 
and that the type of HFI did not change in those with 
HFI. Although the frequency of HFI might be increased 
in acromegaly, the process of HFI seems to be initiated 
before the diagnosis of acromegaly and can be monitored 
throughout the disease course.

Strength and limitations
Studies investigating bone thickness and HFI in acromeg-
aly are scant. We analyzed HFI and bone thickness, and 
changes in frontal, parietal and occipital bone thickness 
in a considerable number of patients with acromegaly. 
We could not include a control group. The present study 
was retrospective-designed study. We could not obtain 
cranial CT images of the patients.

Conclusion
More than half of acromegaly patients were found to 
have HFI, a condition that appears to be independent 
of disease activity and duration. Our study demon-
strated that frontal, parietal, and occipital bone thick-
ness increased over the course of the disease in patients 
with HFI, despite treatment of acromegaly. However, dis-
ease control does not seem to influence the occurrence 
of HFI, bone thickness, or changes in bone thickness. 
Given the potential association between HFI and head-
ache in acromegaly patients, HFI should be evaluated and 
appropriately graded during baseline imaging. While our 
findings suggest a link between acromegaly and HFI, the 
exact mechanisms underlying this association remain to 
be elucidated.
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