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ABSTRACT

Purpose Toinvestigate the clinical characteristics and associ-
ated factors of colonic polyps in patients with acromegaly.

Methods Clinical characteristics and colonoscopy findings of
86 acromegaly patients who received treatment were retro-
spectively reviewed, and colonoscopy findings and the correla-
tion with growth hormone (GH)-secreting pituitary adenoma
(GHPA) volume and hormonal/metabolic levels were analyzed.
Results The prevalence of colonic polyps in acromegaly pa-
tients was 40.7 % and increased significantly with advanced
age, especially in those 250 years. Multiple polyps (62.8 %) and
colonic polyps in the left colon (54.2 %) were detected more
frequently. Compared to acromegaly patients without polyps,
those with polyps displayed higher insulin-like growth fac-
tor-1 x upper limit of normal (IGF-1x ULN) levels (P=0.03).

IGF-1 levels and GHPA volumes in patients with polyps showed
increasing trends, although the differences were not signifi-
cant. GH levels were higher in patients with polyps of diame-
ter <5mm than those with polyps of diameter >5mm
(P=0.031). The univariate and multivariate logistic regression
analysis revealed that GHPA volumes (OR: 1.09,95% Cl: 1.01-
1.20; P=0.039) and IGF-1xULN Q2 levels (OR: 6.51, 95 % Cl:
1.20-44.60; P=0.038) were independent factors for predicting
the risk of colonic polyp occurrence in acromegaly patients. A
nomogram was prepared to evaluate the risk of colonic polyps
in acromegaly patients.

Conclusion The acromegalic patients are a population with
a high prevalence of colonic polyps. GHPA volumes and IGF-
1xULN levels may be predictors of colonic polyp occurrence.

Introduction

Acromegaly is a chronic endocrine and metabolic disease accompa-
nied by excessive secretion of growth hormone (GH) and insulin-like
growth factor-1 (IGF-1) by GH-secreting pituitary adenoma (GHPA)
[1,2]. The increased mortality rate in acromegaly results from car-
diovascular and cerebrovascular diseases, respiratory complications,
and neoplastic complications such as colorectal cancer [3,4].

Colonic polyps and diverticula are typical digestive complications
in acromegaly. The significantly increased risk of colonic polyps in
patients with acromegaly compared with the general population is
well recognized [5]. The prevalence of colonic polyps in patients with
acromegaly is reported over a wide range from 7 to 76 % [6-9], while
thereis still alack of epidemiological data from China. Most colorec-
tal cancers derive from an “adenomatous polyp-carcinoma se-
quence,” and the process generally takes 10-15 years [10]. Howev-
er, according to the current findings, the occurrence of colorectal
cancer in patients with acromegaly remains controversial. A nation-
wide survey in Italy reported an overall standardized incidence ratio
(SIR) for colorectal cancer of 1.67 (95% Cl: 1.07-2.58) [11,12]. At
the same time, some population-based studies did not identify any
significant risk of colorectal cancer [13]. In patients with acromega-
ly, a better understanding of digestive diseases, especially colonic
polyp developments, is critical for the early diagnosis of colorectal
cancer and associated clinical intervention.

To gain insights into the clinical characteristics and the associ-
ated factors of colonic polyps in acromegaly, we collected and ret-
rospectively analyzed the clinical data of 86 patients with acromeg-
aly who underwent a colonoscopy diagnosis at our center. We also
analyzed the prevalence, number, size, and site distribution of co-
lonic polyps and other clinical indicators and identified the associ-
ated risk factors of colonic polyps in patients with acromegaly.

Materials and Methods

Patients

We retrospectively collected data of 181 patients with acromega-
ly followed at the Second Affiliated Army Medical University (Xin-
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giao Hospital) from August 2015 to July 2020. From these, we ex-
cluded 90 patients who did not undergo a colonoscopy due to per-
sonal reasons or had no endoscopic data and five patients who
underwent a colonoscopy at other hospitals. Finally, 86 patients
(44 males and 42 females) who underwent a colonoscopy at diag-
nosis were included in this study. Acromegaly was diagnosed ac-
cording to the criteria available at the time of diagnosis as follows
[14,15]: 1) evidence of clinical signs and symptoms of the disease,
2) serum insulin-like growth factor I (IGF-1) levels beyond the nor-
mal range for age- and sex-matched control individuals, and ele-
vated baseline growth hormone (GH) level, 3) maximally sup-
pressed GH levels (GHnadir) during a 75-g oral glucose load test
(OGTT) were >1ug/L, and 4) evidence of a pituitary tumor on im-
aging. No patient had a family history of colon cancer.

This study was approved by the Medical Ethics Committee of
the Second Affiliated Hospital of Army Medical University (No.
2021-035-01) and registered in the Chinese Clinical Trial Registry
(No. ChiCTR-1800017714). All the participants provided written
informed consent.

Data collection

Clinical data, including age, sex, height, weight, body mass index
(BMI), histological results, site distribution, size, and the number
of polyps, were collected. Blood samples were obtained after over-
night fasting. Glucose metabolic profiles were determined, includ-
ing fasting blood glucose (FBG) and glycosylated hemoglobin A1c
(HbA1c) levels. The automatic biochemical analyzer measured the
creatinine (CREA) level, estimated the glomerular filtration rate
(EGFR), and measured the levels of uric acid (UA), urea, cholesterol
(TCQ), triglyceride (TG), high-density lipoprotein cholesterol (HDL-
C), and low-density lipoprotein cholesterol (LDL-C). GH and IGF-1
levels were quantified by chemiluminescent immunoassays. The
outcome of the IGF-1 assay in each patient was represented by the
IGF-1 index (IGF-1 x ULN): serum IGF-1/upper limit of IGF-I for that
age [9]. Each patient consumed a 75-g glucose beverage in 5 min,
and blood samples were collected before the start of the test (0
min) and 30, 60, 90, 120, and 180 min after glucose intake. GHnadir
levels during OGTT corresponded to maximally suppressed GH lev-
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els during the 180 min-OGTT. The pituitary was imaged with a 3T
magnetic resonance imaging scanner with or without gadolinium-
diethylenetriamine pentaacetic acid (1.0 mmol/kg). The anteropos-
terior diameter (AD), vertical diameter (VD), and transverse diam-
eter (TD), as well as the Knosp classifications of the GHPA, were
evaluated by two experienced radiologists using precision calipers.
The GHPA volume was calculated using the formula for approxi-
mating the volume of an ellipsoid: /6 x ADx VD x TD [16].
Experienced gastroenterologists performed colonoscopies in
acromegalic patients after careful bowel preparation with a 2 L dose
of polyethylene glycol electrolyte-based solution (Shenzhen Wanhe
Pharmaceutical Co., Ltd., Shenzhen, China). All colonic polyps on
colonoscopy were recorded and, if possible, removed for histologi-
cal examination. Age was divided into four groups with a categor-
ical variable as <39, 40-49, 50-59, and 260 years. The site distri-
bution of polyps was defined as the right colon (the cecum, ascend-
ing colon, and hepatic flexure), the left colon (the splenic flexure,
descending colon, sigmoid colon, and rectum), and the whole
colon (both the right colon and the left colon) [10]. All colonic poly-
ps detected at colonoscopy were grouped according to size (< 0.5,
0.6-0.9, and 21.0cm) depending on endoscopic measurement by
the diameter of open biopsy forceps [17]. The number of polyps
was divided into a categorical variable (single or multiple (= 2)).

Statistical analysis

Analyses were conducted by R studio (version 1.3.1093). The Shapi-
ro-Wilk W test verified the normality of the variable distribution; var-
iable distribution was considered normal if P>0.05. According to the
distribution, variables were described either as means + standard de-
viation or medians with interquartile ranges. For normally distribut-
ed variables, we used an independent samples t-test to compare var-
iables between two groups, whereas one-way ANOVA, followed by
Tukey’s multiple comparison test, was used to compare variables
among three or more groups. For non-normally distributed varia-
bles, the Mann-Whitney U test was used to compare variables be-
tween two groups, whereas the Kruskal-Wallis test, followed by pair-
wise comparisons using the best-worst scaling all-pairs test, was
used for multiple subgroups. The relationships between variables
were examined using Spearman’s correlation analysis. Univariate and
multivariate logistic regression analyses were performed to assess
the associations of the variables with the diagnosis. A nomogram
was created using the predictors from the multivariate analysis to
relate the risk of polyp occurrence. The tests were considered statis-
tically significant at P<0.05.

Results

Clinical features of acromegalic patients with colonic
polyps

A total of 86 acromegalic patients (mean age, 43.53+11.78 years;
sex, 48.8 % females) who underwent complete colonoscopy at our
hospitals were included in this study. Of the 86 patients, 35 (18 fe-
males, 17 males) had one or more polyps, with a higher prevalence
(40.7 %) than a general Asian population (17.6-23.9 %) of compara-
ble age [17-20]. The prevalence of polyps increased with age, reach-
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ing a peak at 260 years. The prevalence rates of polyps in acromeg-
alic patients aged <39, 40-49, 50-59, and 260 years were 30, 32,
50, and 77.8 %, respectively (> Fig. 1). Of the 35 patients, 13 (37.2 %)
and 22 (62.8 %) had a single polyp and multiple polyps, respectively.
The mean diameter of the polyps in most cases was <5mm (71.4%),
and the maximum diameter was =10 mm. With respect to the dis-
tributions of colonic polyps at different sites, four (11.4 %) patients
had polyps in the right colon, 19 (54.3 %) had polyps in the left colon,
and 12 (34.3 %) had polyps in the whole colon. Colonic polyps were
more frequently detected in the sigmoid colon and rectum. In addi-
tion, only five cases of colonic polyps were examined by biopsy, and
all of them were histologically confirmed to be adenomas. Further-
more, 21 patients had hemorrhoids, and one had chronic colitis. No
patient had colorectal carcinoma (> Table 1).

At diagnosis, 79 (92 %) patients had pituitary macroadenoma,
3 (3 %) patients had pituitary microadenoma, and 4 (5 %) patients
had no data on the pituitary tumor diameter. Hypertension and im-
paired glucose metabolism (diabetes mellitus and impaired glu-
cose tolerance) were separately diagnosed in 24 (28 %) and 47
(55 %) patients (> Table 1).

Characteristics of colonic polyps associated with
hormone levels

Patients with acromegaly and having colonic polyps were older and
had higherinsulin-like growth factor-1 x upper limit of normal (IGF-
1xULN) levels than those without colonic polyps (P=0.005 and
P=0.03, respectively, » Table 1). No significant differences were
found between acromegaly patients with or without colonic polyps
regarding sex, BMI, FBG levels, dyslipidemia, hypertension, diabetes
mellitus, GHPA volumes, Knosp classifications, UA levels, GH levels,
GHnadir levels during OGTT, and IGF-1 levels (> Table 1 and Supple-
mentary Table 1). Although GH and GHnadir levels during OGTT
were similar in acromegaly patients with or without colonic polyps,
GHPA volumes and IGF-1 levels tended to be higher in those with
polyps, but the differences between the two groups were not statis-
tically significant (> Table 1). As shown in > Table 2, with respect to
the distribution of polyps at different sites, GH levels and GHnadir
levels during OGTT in patients with polyps in the right colon were
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> Table 1 Clinical characteristics of the study patients with acromegaly.

Total number of patients Patients without polyps Patients with polyps P-value
(n=86) (n=51) (n=35)

Age (years) 43.53:11.78 40.63+11.58 47.77+10.88 0.005*
Sex, female, n (%) 42 (49) 24 (47) 18 (51) 0.858
BMI (Kg/m2) 26.1+3.05 25.96£3.05 26.31£3.09 0.602
GHPA Volumes (cm?) 2.47 (1.15, 6.44) 2.2(1.17,4.87) 3.19(1.15, 7.31) 0.305
Basal GH levels (ug/L) 18.3 (8.08, 34.5) 17.8 (5.94, 29.8) 19.3 (9.7, 52.5) 0.153
GHnadir levels during OGTT (ug/L) | 12.1(5.24, 30.9) 12 (4.41,25.2) 13 (6.54, 40.85) 0.18
Basal IGF-1 levels (ng/mL) 762.56 £259.66 733.73+259.89 804.57 +£257.24 0.215
IGF-1xULN 2.53(1.94, 3.01) 2.22(1.79, 2.88) 2.73(2.1,3.2) 0.03*
FBG (mmol/L) 5.07 (4.4, 5.96) 4.95 (4.38, 5.82) 5.33 (4.54, 6.29) 0.34
Hemorrhoids, n (%) 21(24) 7(20) 14(27) 0.403
Hypertension, n (%) 24 (28) 15 (29) 9(26) 0.896
Diabetes mellitus, n (%) 0.708

normal 25(29) 14 (27) 11(31)

IGT 39 (45) 25 (49) 14 (40)

DM 22 (26) 12 (24) 10 (29)
Data are shown as mean * standard deviation for variables of normal distribution and median with the interquartile range (25-75 %) for skewed variables.
BMI: body mass index; GHPA Volumes: growth hormone (GH)-secreting pituitary adenoma volumes; GH: growth hormone; GHnadir levels during OGTT:
the maximal suppression of GH levels during 180-OGTT; IGF-1: insulin-like growth factor-1; ULN: upper limit of normal; IGT: impaired glucose tolerance;
DM: diabetes mellitus. P value for patients without polyps vs. patients with polyps, *P<0.05

higher thanin those with polyps in the whole colon and the left colon.
Interestingly, compared with polyp diameters >5mm, GH levels
were significantly higher in patients with polyp diameters <5mm
(P=0.031, »Table 2). Apart from the BMI (P=0.013), we did not
identify relevant clinical indicators between the two groups with sin-
gle polyps and multiple polyps (> Table 2). GHPA volumes, IGF-1 lev-
els, and IGF-1x ULN levels were similar among subjects with distri-
bution at different sites, sizes, and the number of polyps.

In addition, hypertension and diabetes mellitus maybe have an as-
sociation with the distribution of polyps at different sites (> Table 2).
However, FBG and HbA1c levels did not differ with respect to the three
different site of the distribution of polyps (Supplementary Table 2).
Next, to investigate the effect of IGF-1xULN in acromegaly patients
with polyps, we further divided the subjects into IGF-1 < ULN-quantile
subgroups (Q1to Q4) according to the IGF-1x ULN level (Supplemen-
tary Table 3). Age, GH levels, and GHnadir levels during OGTT were
significantly higherin acromegaly patients with the highest IGF-1xULN
levels than those with the lowest IGF-1xULN levels in the first quan-
tile (P<0.05 for Q1 vs. Q4). Compared to patients with lower
IGF-1xULN levels in the second quantile, UA levels were significantly
higher in patients with the highest IGF-1xULN levels (P<0.05 for Q2
vs. Q4). Notably, the IGF-1x ULN-quartile subgroups differed with re-
spect to acromegaly patients with or without colonic polyps, GHPA
volumes groups, and IGF-1 levels (P<0.05, Supplementary Table 3).

Prognostic model for colonic polyps in acromegaly
patients

In univariate analysis of acromegaly patients, age, especially 60
years and older, and the IGF-1 xULN level could predict polyp oc-
currence, as shown in Table 4. Furthermore, in multivariate analy-
sis, these variables showed that GHPA volumes (OR: 1.09, 95 % Cl:
1.01-1.20; P=0.039) and IGF-1 x ULN Q2 levels (OR: 6.51,95 % Cl:

1.20-44.60; P =0.038) were independently associated with polyp
occurrence (> Table 3). IGF-1xULN Q3 and IGF-1xULN Q4 cloud
also are independent risk predictors, although no significant dif-
ference was found. Thus, univariate and multivariate analyses re-
vealed that GHPA volumes and IGF-1 x ULN levels could be inde-
pendent risk factors for polyps in acromegaly patients. In addition,
a nomogram for predicting acromegalic patients with polyp risk
was constructed using the variables (> Fig. 2). According to the
prognostic model, for evaluating the risk of colonic polyps, a
woman with a GHPA volume of 3.0 cm3 and an IGF-1 x ULN level of
3.5 was predicted to have an 85 % probability of polyps.

Discussion

Several population-based studies have indicated a 0.9 to 2.4 % in-
cidence of colon cancer in patients with acromegaly [12, 21, 22].
However, the risk of colon cancer in acromegaly is still controver-
sial. Colonoscopy screening for early detection can reduce mortal-
ity due to colorectal cancer by the removal of pre-existing adeno-
matous polyps. In this study, we ascertained a high prevalence of
colonic polyps of 40.7 % in acromegalic patients. IGF-1 x ULN levels
were higher in patients with polyps than in those without polyps.
GHPA volumes and IGF-1 xULN levels were independent risk fac-
tors for polyps.

Colonic polyps have a high prevalence in acromegaly patients;
the overall prevalence of colonic polyps in this study was 40.7 %.
The prevalence of colonic polyps in the acromegaly population is
significantly higher than in the general Asian population. In the
non-acromegaly population, the prevalence of polyps ranged from
17.6t023.9% [17-20]. The prevalence of colonic polyps also var-
ies in different acromegalic populations. One of the largest data-
sets from 14 centers across Europe indicated a 13 % prevalence of

Peng G et al. Clinical Characteristics and Associated... Exp Clin Endocrinol Diabetes 2022; 130: 714-722 | © 2022. The Author(s) 717



& Thieme

Exp Clin Endocrinol Diabetes 2022; 130: 714-722 | © 2022. The Author(s)

3

'60°0>d &, 'sdnoibgns sdAjod jo uoranquisip 931s ay3 ur uondudsap m

|BD13S138)S Ipew AJUo 9Mm ‘S3nsal |eD13sI3e)S 9|qeljlun 0] pea| Aew uojod 3ybu ay3 ul sdAjod yum sjuaijed 1noy Ajuo Bulispisuo) :e "UoIIeIASP piepuelS :QS 3Juel3|0] 9500N|D paltedw ;N isnJjPW Sa3aqelp m

:INQ ‘[ewuou jo ywif 1addn :NTN £ -10398) YyIMoub yjij-ulnsul i1 -4D] {1 1D0-08 L bulinp sppAd| HD jo uoissaiddns jewixew ay3 ;| | DO Bulnp s|9Ad| JIpeUHD duowlioy yimoub :HD sawnjoA ewouape Areynid m

Bui3a123s-(HN) auowioy ymolb :sauwnjon YdHD xapul ssew Apoq :[|Ng "S9|qeIIBA PaMaYs 10} (% G/—Gz) abuel 3j13ienbiajul ay3 y3im uelpaw pue UOIINGLISIP [BLLIOU JO S9|GBLIBA 10} (S F UBLW SB UMOYS 31 eleQ m

WGE Go)s on v (50) £ @ns E: o0 v na|

(9¢) 8 (su)e (ov) v (¥o)9 (€e) v (ze)9 (0)o 10l S

(98) 8 (9v) 9 (e (sv)zL (so)€ (89) L1 (0o [ew.ou m

SSH°0 €€°0 (%) u‘na ma

6010 (9¢) 8 (8)1 ¥69°0 (0g) € (ra)9 (8¢9) £ (8)1 (o)L (%) u “uorsuayiadAy S

G850 (zzezrosLe (9re*gor)eLe €LL°0 G8'0F16'C SO'LFY8T (L6'7°9€°0) 65°C (zeTroese (€6 ‘¥8'1) T6°C NINx L-4DI m
G760 GL'89TF€T°T08 LL' LT F¥5°808 6€60 LT1€2F9°608 TP LLZ 95708 S6'67ZF€8°97L 18,97 7698 SL'L9TFSLLEL (qw/Bu) 14D |eseg
(1/6n) 1190
vzL'o | (€T'8T ery) STLL (8rcoL) 'Lz S00 | (zezLzsv) L8 (8v9s8)z'Llr | (STvT T06)sL8 | (TL€°658)vTL (LLiLzvw) 6L Buunp spaas| sipeuHn
Lo (L& Lz T8) 9L (z8'vL)€'se | .L€00 (L'61 ‘80°8) L'6 (r'19°5v1) 99z | (80°€€°8°£)S6°LL | (S6'EE‘SOEL) L1 (5681 ‘€€°02) G°LTL (1/6r) sjan3] HO |eseg
99€°0 (98'9°50°1L) 56T (9v'2°18°L) 65°€ GL9°0 | (188°¥S50)TTT (sL'9°sT’1L) 8pe (169°96°0) €8°L | (€9TL E'L)8p'€E (88'6‘s5°¢) €8°F (ew>) sAWNJOA YVdHD
«€10°0 9°7¥87LT ST EF99VT z81°0 L6'LFT°LT W EFS6'ST 6L°2F¥T9T 95°€¥61°97 YL EF60°LT (zw[B) g
L (09) LL (¥s) L L (09) & (z9) €L (0s)9 (zv) 8 (ool) ¥ (%) u“(31eway) xas
950°0 79'6 75105 SLLLFETEY 98%°0 79676V SLLFLY S6'6TEETS LY OLF8S v €LTST6Y (s1eak) aby

(zz=u) (zL=u) (6L=u)
anjen-d sdAjod aidiyiny | (g1 =u) dAjod 3|buis anjea d (oL=u) wwigg (gz=u) wwigs uoj0d 3oy A uojo0d 3J317 (p=u) uojod 3ybry
sdAjod jo Jaquinu ayy sdAjod jo azis ay esdAjod jo uonnquasip aiis ay|

'sdAjod ym suanjed o1jebawoude Jo so13sia3deIRYD [BIIUID T JJqBL <«

718



> Table 3 Univariate and multivariable logistic regression analysis of associations between clinical and biochemical variables and polyps in patients with
acromegaly.

Univariate analysis Multivariate analysis
OR (C1 95%) P-value OR (C1 95%) P-value

Age 1.06 (1.02, 1.11) 0.007 1.05(0.99, 1.12) 0.11
sex 1.19(0.50, 2.84) 0.691 - -
Height 0.02 (0.00, 2.03) 0.102 0.03 (0.00, 16.03) 0.286
Weights 0.98 (0.94, 1.02) 0.397 - -
BMI 1.04 (0.90, 1.20) 0.597 - -
GHPA volumes 1.06 (0.99, 1.15) 0.136 1.09 (1.01, 1.20) 0.039
Basal GH levels 1.00(1.00, 1.01) 0.278 - -
GHnadir levels during OGTT 1.00(1.00, 1.01) 0.22 - -
Basal IGF-1 levels 1.00 (1.00, 1.00) 0.216 - -
IGF-1 x ULN 1.65 (1.04, 2.75) 0.04 1.47 (0.88, 2.55) 0.151
FBG 1.07 (0.86, 1.34) 0.548 - -
TG 0.84 (0.50, 1.10) 0.394 - -
TC 0.77 (0.49, 1.10) 0.21 - -
HDL 1.96 (0.33, 12.46) 0.459 - -
LDL 0.89 (0.47, 1.64) 0.71 - -
UA 1.00 (1.00, 1.01) 0.702 - -
Age groups 0.011

<39 1 1

40-50 1.10(0.34, 3.48) 0.873 - -

50-60 2.33(0.75,7.53) 0.147 - -

>60 8.17 (1.61, 62.58) 0.019 - -
IGF-1xULN quartile 0.015

Q1 1 1

Q2 5.45 (1.34, 28.54) 0.026 6.51 (1.20, 44.60) 0.038

03 5.00 (1.24, 25.93) 0.033 5.82(0.71, 55.33) 0.106

Q4 7.20 (1.80, 37.50) 0.009 10.52 (0.42,300.62) 0.152
OR, odd ratio; Cl, confidence interval. BMI: body mass index; GHPA volumes: growth hormone (GH)-secreting pituitary adenoma volumes; GH:
growth hormone; GHnadir levels during OGTT: the maximal suppression of GH levels during 180-OGTT; FBG: fasting blood glucose; IGF-1: insulin-like
growth factor-1; ULN: upper limit of normal; OGTT: oral glucose tolerance test; TG: triglycerides; TC: total cholesterol; LDL: low-density lipoprotein
cholesterol; HDL: high-density lipoprotein cholesterol; UA: uric acid; SD: standard deviation.

polyps in a fourth of acromegaly patients (820/3173) who had a
colonoscopy [23]. Furthermore, the prevalence of polyps in pa-
tients with acromegaly was 32 % in an Italian single-center study
[24]. In contrast, the French national registry data reported that
the prevalence of colonic polyps ranged from 27 % to 55 % [22]. The
different prevalence of colonic polyps in populations may be be-
cause of differences in genetic predisposition, environmental back-
grounds, and lifestyle (including dietary habits). In our study, the
prevalence of multiple polyps was 62.8 % compared to earlier re-
ports by Bogazzi (50 %) [9] and Colao (72.1%) [8]. A colonic polyp
diameter > 10 mm is generally considered a high risk of colorectal
carcinoma and is thought to take more than ten years to develop.
Arecent study reported a frequency of 15.2 % for polyps =10 mm,
and five patients were detected with colorectal cancer [25]. How-
ever, in our study, the maximum diameter of colonic polyps
was <10 mm, and most colonic polyps were in their early stag-
es <5mm (71.4%), which may explain why no colorectal cancer
was detected.

We found a significant association between polyp occurrence
and hormone levels. In detail, IGF-1 x ULN levels in patients with
polyps were higher in than those without polyps, consistent with
previous findings [22]. Although GH and GHnadir levels during
OGTT were similarin patients with or without colonic polyps, IGF-1
levels and GHPA volumes tended to be higherin those with polyps.
Nevertheless, few studies have consistently suggested that IGF-1
levels are significantly related to polyp prevalence [24, 26]. This
study also indicated that GH and Ghnadir levels during OGTT were
higher in patients with polyps with a diameter <5mm in the right
colon. However, limited by a small amount of data, our results need
to be confirmed in a larger prospective study. As a result, we hy-
pothesize that GH levels may play different roles in different stages
of polyp development. The findings in patients with acromegaly
suggest a higher prevalence of polyps in the left colon, similar to
Battistone et al. [27]. In the general population, the site distribu-
tion of polyps was detected mainly in the left colon [17, 28], al-
though several studies also observed polyps in the cecum and the
ascending colon [29-31]. Additionally, the acromegaly patients
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» Fig. 2 Constructed colonic polyp incidence risk nomogram. The colonic polyp risk was constructed with the features, including GHPA volume and
IGF-1x ULN. GHPA volume: growth hormone (GH)-secreting pituitary adenoma volume; IGF-1: insulin-like growth factor-1; ULN: upper limit of
normal. For example, a woman had a GHPA volume of 3.0 cm?3 and an IGF-1xULN level of 3.5. To use the nomogram, the points are located on each
variable axis (GHPA volume axis and IGF-1 x ULN level axis) and draw the red line vertically up to the Points axis to determine the corresponding
points for each variable. The point for GHPA volume points was 65, and the IGF-1x ULN level was 50. The sum (115) of these points (GHPA volume
points and IGF-1 xULN level points) is located on the Total Points axis, and a red dotted line is drawn downward to the polyp risk prediction axis to
determine the possibility of having polyps, which was approximately 85 % in this case.

with multiple polyps had higher BMI than those with single polyps.
Compared to patients without polyps, those with polyps were
older. Simultaneously, the prevalence of colonic polyps increased
significantly with age 250 years (>50 %). Bogazzi [9] and Parolin
[24] also reported similar trends in polyp prevalence in 250 years
old patients. Although the recent guidelines recommend the ini-
tiation of colonoscopy screening at 50 years of age for the average-
risk non-acromegaly population [32,33], this may be inadequate
for patients with acromegaly. A few guidelines suggest that the ini-
tial colonoscopy should be performed at the age of 40 years for
early detection of precancerous polyps in acromegaly [31, 34, 35].
We observed that several patients younger than 40 years had co-
lonic polyps. Similarly, Terzolo et al. reported that younger acro-
megaly patients had a higher risk of colonic neoplasia than the age-
matched controls [7]. Therefore, as per recent guidelines, colono-
scopic surveillance should be performed at the time of diagnosis
of acromegaly [36-39].

GHPA volumes may be a reliable predictor for polyp occurrence
in acromegaly. According to univariate analysis and clinical param-
eters, the final diagnostic model was decided using age, height,
GHPA volumes, and IGF-1 x ULN levels. To our knowledge, this is
the first study to report that GHPA volume (OR: 1.09,95 % Cl: 1.01-
1.20; P=0.039) is an independent risk factor for colonic polyp oc-
currence. However, GHPA volumes did not differ significantly be-
tween patients with or without polyps. We speculate that the larg-
er GHPA volumes indicate long-term and uncontrolled secretion of
GH and IGF-1, contributing to the higher risk of polyp occurrence.
Meanwhile, we found that the IGF-1x ULN level (OR: 6.51,95% Cl:

720

1.20-44.60; P=0.038) is a predictor for polyp occurrence, similar
to the results of Gonzalez [26]. Therefore, we established a polyp
risk prediction model based on GHPA volumes and IGF-1 x ULN lev-
els. For example, a man with a GHPA volume of 2.0 cm3 and an
IGF-1 x ULN level of 4.0 has an approximately 80 % probability of
polyp occurrence.

In this study, standard intestinal preparation alone resulted in
inadequate intestinal cleansing in most patients with acromegaly,
seriously affecting the detection of colonoscopy (data not shown).
Previous studies have suggested two consecutive bowel prepara-
tions or an increased dose of PEG solution for patients with acro-
megaly [40], with a significantly prolonged time required to reach
the cecum during colonoscopy [41].

We acknowledge several limitations in our study. First, this study
was conducted on a relatively small number of patients, with no
control group. Second, this was a retrospective analysis, and it was
not possible to avoid selectivity bias. Third, most polyps with a di-
ameter >5mm were not examined by biopsy. Further long-term
prospective studies involving patients with acromegaly may deter-
mine whether colonic polyps have a similar tendency to develop
into colon cancer as in the general population.

In conclusion, we confirmed the high prevalence of colonic pol-
yps in patients with acromegaly. Older age and multiple polyps,
usually occurring in the left colon, were the clinical features of ac-
romegaly patients with colonic polyps. In addition, GHPA volumes
and IGF-1 x ULN levels might predict the occurrence of colonic
polyp in the population with acromegaly.
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