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Abstract

Purpose Fibroblast growth factor-21 (FGF-21) is a member of fibroblast growth factor family. Both growth hormone (GH)
and FGF-21 take place in the regulation of glucose and lipid metabolism. We aimed to investigate FGF-21 levels in acro-
megaly which is characterized by excess GH levels and is associated with comorbidities and altered body composition.
Methods We studied 43 subjects (21 females and 22 males, mean age of 50.0 + 12.8) with acromegaly. The control group
consisted of 40 gender- and age-matched subjects (25 females and 15 males, mean age of 48.8 + 8.8). Acromegaly patients
were classified into two groups; active acromegaly (AA; n=26) and controlled acromegaly (CA; n=17). Metabolic, anthro-
pometric and laboratory values of subjects were recorded. FGF-21 level was measured by ELISA assay.

Results Median FGF-21 levels were significantly higher in acromegaly group compared to control group (85.5 vs. 59.0 pg/
mL, p=0.02, respectively). In the multiple regression model, FPG, Alc, HOMA-IR, glucose intolerance, BMI, visceral fat,
hs-CRP, presence of hypertension, dyslipidemia and acromegaly were included as independent variables to explain variability
of plasma FGF-21 levels in whole study group. The presence of acromegaly was the only determinant of increased FGF-21
levels in the whole study group (f coefficient=0.253, p =0.006).

Conclusion FGF-21 levels were increased significantly in acromegaly group. Increased FGF-21 levels were significantly
and independently associated with the state of acromegaly. Acromegaly may also be a FGF-21 resistance state independent
from insulin resistance, glucose intolerance, obesity, hypertension and dyslipidemia.
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Introduction

Acromegaly caused commonly by a pituitary adenoma is
characterized by high levels of growth hormone (GH) and
insulin-like growth factor-1 (IGF-1). Acromegaly is a rare
disease with an annual incidence of 3 or 4 per million [1].
Increased GH causes insulin resistance and leads to impaired
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glucose tolerance and diabetes mellitus (DM) which are seen
in 15-38% of acromegaly patients. It is also associated with
hyperlipidemia (HL) and hypertension (HT) [2].

Fibroblast growth factor-21 (FGF-21) is a member of the
FGF family. FGF-21, mainly secreted by the liver, acts as an
endocrine regulator unlike the other members of FGF family
which have mitogenic activities [3]. It has a role in energy
hemostasis, glucose and lipid metabolism. In monkeys,
when recombinant FGF-21 was given, glucose and lipid pro-
files were improved [4]. It was shown that serum levels of
FGF-21 were increased in obesity [5]. Besides, FGF-21 lev-
els were found to be high in patients with impaired glucose
tolerance, type 2 DM, metabolic syndrome and cardiovas-
cular diseases [6]. FGF-21 binds to its receptor, FGF recep-
tors (FGFR), to mediate its effects and needs also B-Klotho
(BKL) as a co-receptor for forming FGF-21/BKL/FGFR
complex [7, 8]. FGF-21 expression is controlled by peroxi-
some proliferator-activated receptor alpha (PPAR-alpha) in
the liver and PPAR-gamma in the adipocytes [9, 10].
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As we know, acromegaly is associated with insulin resist-
ance and diabetes. FGF-21 is also increased in obesity and
diabetes. Although body weight increases in acromegaly,
lean body mass increases in greater amount. Both GH and
FGF-21 take place in the regulation of glucose and lipid
metabolism. So, it could be difficult to predict the serum
levels of FGF-21 in such a clinical condition in which there
is excess GH and associated comorbidities and altered body
composition. So, we aimed to investigate FGF-21 levels
in acromegaly and to compare FGF-21 levels with control
group. Also, we aimed to determine the parameters that were
associated with serum levels of FGF-21 in the study group.

Materials and methods
Subjects

We studied 43 subjects (21 females and 22 males, mean age
of 50.0 +12.8) with acromegaly. Acromegaly patients who
were followed-up in Ege University Endocrinology Clinic
were recruited for this study. Acromegaly was diagnosed
according to the criteria as follows: failure of suppression
of serum GH concentration below 1 ng/mL after 75-g oral
glucose tolerance test (OGTT) together with fasting serum
IGF-1 concentrations above the normal ranges for age and
gender [2]. Acromegaly patients were classified into two
groups; active acromegaly (AA; n=26) and controlled acro-
megaly (CA; n=17). Controlled acromegaly was defined as
GH below 1.0 ng/mL on a 75-g OGTT or random GH level
was below 1.0 ng/mL and IGF-1 values were in the refer-
ence range for age and gender [1, 2]. Only IGF-1 value was
taken into account to determine disease activity in patients
on Pegvisomant therapy [11]. The control group consisted
of 40 gender- and age-matched subjects (25 female and 15
male, mean ages of 48.8 + 8.8). There was no renal or liver
dysfunction in any of the subjects. Written informed consent
was obtained from all participants. The study was approved
by Ege University Local Ethic Committee.

Detailed medical history was recorded including demo-
graphic data, duration of the acromegaly, smoking history,
comorbidities, use of medication, surgery and radiotherapy
history. Physical examination was performed for each sub-
ject. Duration of acromegaly disease was 60 months (4-396)
as median (min—max). Thirty-seven of 43 (86.0%) patients
were treated with surgery, 6 of 43 (13.9%) patients were on
primary medical therapy, 2 (4.6%) were treated with stereo-
tactic radiosurgery, 1 (2.3%) with conventional radiotherapy.
As far as medical therapy was concerned, 31 of acromegaly
patients were on medical therapy. Nineteen patients were
on dopamine agonist, 29 of them on somatostatin analog,
6 of them on pegvisomant therapy. Twelve of 43 (27.9%)
acromegaly patients had hypopituitarism which was treated
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with hormone therapies. Out of 43, 5 acromegaly patients
had one hormone deficiency and 7 acromegaly patients had
more than one hormone deficiency.

Hypertension is defined as systolic blood pressure
(SBP)is > 140 mmHg or diastolic blood pressure (DBP)is
>90 mmHg or if there is current use of antihypertensive
medication. Dyslipidemia is defined as serum total cho-
lesterol levelis >200 mg/dL; serum triglyceride levelis
> 150 mg/dL; serum low-density lipoprotein-choles-
terol (LDL-c) levelis > 130 mg/dL; serum high-density
lipoprotein-cholesterol (HDL-c) levelis <40 mg/dL for
male, < 50 mg/dL for female subjects or if there is statin use
for treatment of dyslipidemia [12]. There was no subject
who was taking fenofibrate treatment. There were 4 subjects
taking atorvastatin treatment in acromegaly group. Glucose
intolerance consisted of both prediabetes and type 2 diabe-
tes mellitus. Prediabetes and type 2 diabetes were defined
according to American Diabetes Association-ADA criteria
[13]. In control group, all subjects with glucose intolerance
were on diet without oral antidiabetics (OAD). In acromeg-
aly group, out of 43, 12 patients were taking OAD, only
2 patients were on multiple insulin injections therapy. No
subject was taking pioglitazone as OAD therapy. The control
group was similar to acromegaly group as far as hyperten-
sion and dyslipidemia were concerned.

Anthropometric and laboratory measurements

Body mass index (BMI) was calculated as the weight in kilo-
grams divided by the square of the height in meters (kg/m?).
Waist circumference was measured at the midpoint between
the inferior costal margin and the superior border of the iliac
crest on the mid-axillary line. Total body fat, trunk fat, fat
mass and lean body mass were measured using Tanita TBF-
215 Body Composition Analyzer device based on Bioelec-
tric Impedance Analysis (BIA) method. For the visceral fat
measurement, Tanita Viscan AB-101 device was used.

Blood samples were collected after overnight fasting for
serum lipid profile, fasting blood glucose, creatinine, liver
function tests, HbAlc, fasting insulin, high sensitive-C
reactive protein (hs-CRP). Blood samples stored at — 80 °C
immediately. The estimate of insulin resistance was calcu-
lated using the Homeostatic Model Assessment—Insulin
Resistance (HOMA-IR) index, with the following formula:
insulin resistance = fasting plasma insulin (in micro units
per milliliter) X fasting plasma glucose (in millimoles per
liter)/22.5.

Serum samples for GH and IGF-1 analyses were obtained
early in the morning after an overnight fasting. Serum
IGF-1 levels were measured with an immunoradiometric
assay using a Beckman-Coulter Immunotech kit. Age- and
gender-matched normal reference ranges were used. Serum
GH levels were measured with an Immulite2000 (Siemens)
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autoanalyzer via chemiluminescence method. Serum FGF-
21 levels were determined using a commercial available
ELISA kit (Aviscera Bioscience, Santa Clara, CA, USA).
Range of measurement was 15.6-2.000 pg/mL. The intra-
assay and inter-assay coefficients of variation were 4—6 and
8-12%, respectively [14].

Statistical analysis

The Statistical Packages for Social Sciences SPSS version
21.0 for Mac was used for the data analysis. Continuous
variables were presented as mean =+ standard deviation
(SD) or median (min—max) according to distribution pat-
tern. Categorical variables were presented as numbers and
percentages. Variable distribution was assessed by the
Kolmogorov—Smirnov normality test. Student’s ¢ test or
Mann—-Whitney U test were used for comparison of two
groups according to variable distribution. When AA, CA and
control group were compared, one-way ANOVA followed
by Bonferroni’s post hoc comparison test or Kruskal-Wallis
U test were used. Categorical variables were compared by
the Chi square test. Correlation analyses were performed
using Spearman’s coefficient. Multiple linear regression
analysis (stepwise method) was used to explain the vari-
ability of FGF-21 levels in whole study group and in acro-
megaly group. Before the regression analysis, natural log
transformation of the data was performed where appropriate.
All independent variables in the multiple linear regression
analysis were tested for multicollinearity. A p value of less
than 0.05 was accepted as statistically significant.

Results

Demographical, clinical and laboratory parameters of acro-
megaly and control subjects are shown in Table 1. There
were no significant differences between the two groups as
regards to age and gender. Hypertension and hyperlipi-
demia rates were similar between acromegaly and control
groups. Glucose intolerance were observed in a higher rate
in acromegaly group (p=0.002). There were 14 (32.5%)
prediabetic subjects in acromegaly group and 13 (32.5%)
prediabetic subjects in control group. While there were 17
subjects with diabetes in acromegaly group, only 2 (5%) sub-
jects had diabetes in control group. Although body weight
and BMI were significantly higher in acromegaly group,
lean body mass was also remarkably higher in acromegaly
group (p=0.002). While total body fat as percentage didn’t
change between the groups, visceral fat was higher in the
acromegaly group (Table 1).

Median FGF-21 levels were significantly higher in acro-
megaly group compared to control group (85.5 vs. 59.0 pg/
mL, p=0.02, respectively). FGF-21 levels did not show

significant difference between AA, CA and control groups
(data not shown) and no significant difference was observed
between AA and CA groups (p=0.817). Glucose intolerance,
dyslipidemia, hypertension rates were similar between AA and
CA groups (Table 2). Anthropometric parameters were similar
between AA and CA groups (p>0.05). GH and IGF-1 lev-
els were significantly higher in AA group compared with CA
group. There was significant difference as regards duration of
acromegaly, hypopituitarism and medical therapy usage rate
between groups (Table 2).

Correlation analysis

Correlation analysis of FGF-21 with metabolic, anthropomet-
ric and laboratory parameters was shown in Table 3. FGF-21
was significantly associated with Alc and FPG in whole study
group analysis (p=0.020, r=0.256 and p=0.022 r=0.254,
respectively) (Fig. 1a, b). FGF-21 was not found to be cor-
related with Alc and FPG in acromegaly and control groups
according to separate group analyses. FGF-21 levels were not
associated with the GH and IGF-1 levels in the acromegaly
group (p=0.575 and p=0.285, respectively).

Regression analysis

In the multiple regression model, FPG, Alc, HOMA-IR,
glucose intolerance, BMI, visceral fat, hs-CRP, presence of
hypertension, dyslipidemia and acromegaly were included as
independent variables to explain variability of plasma FGF-
21 levels in whole study group as model 1 (Table 4). Visceral
fat was taken into analysis standing for the anthropometric
parameter in addition to the BMI. In acromegaly, as lean
body mass increases, BMI is also expected to increase. We
preferred to use visceral fat for the analysis. Besides, when
we used the same model for the total body fat as percentage,
the results didn’t change. The presence of acromegaly was the
only determinant of increased FGF-21 levels in whole study
group (f coefficient=0.253, p=0.006). The other parameters
in the model didn’t explain the variability in FGF-21 levels
in whole study group. In model 2, variability in FGF-21 was
investigated in acromegaly group (Table 4). Stepwise regres-
sion analysis showed that presence of glucose intolerance
was the significant parameter for increased FGF-21 levels in
acromegaly group (f coefficient=0.286, p=0.042) (Table 4).
The levels of GH and IGF-1 were not found to be significant
parameters for increased FGF-21 levels in acromegaly group.

Discussion
We have showed for the first time that serum FGF-21 lev-

els were found to be higher in acromegaly subjects when
compared with control group. Increased FGF-21 levels were
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Table 1 Demographical,
clinical and laboratory data
of the acromegaly and control
subjects

Variables Acromegaly (n=43) Control (n=40) *p value
Age (years)? 50.0+12.8 48.8+8.8 0.606
Gender (F/M) (21/22) (25/15) 0.270
Body weight (kg)* 85.8+15.3 75.0+11.9 0.001
BMI (kg/m?)?* 31.0+5.0 27.8+4.0 0.002
WC (cm)* 102.8+11.7 94.8+10.3 0.020
Fat (%)* 28.4+9.3 29.5+75 0.591
Trunk fat (%)* 26.5+8.3 28.1+5.6 0.340
Visceral fat (%)° 13.0 (6.0-31.0) 11.0 (4.5-25.0) 0.027
Fat mass (kg)* 24.6+9.8 21.9+6.6 0.208
Lean body mass (kg)b 60.2 (39.1-93.6) 48.7 (34.8-78.4) 0.002
SBP (mmHg)" 120.0 (105.0-160.0) 115.0 (110.0-140.0) 0.492
DBP (mmHg)® 80.0 (60.0-105.0) 77.5 (70.0-90.0) 0.127
Hypertension 44.1% 25.0% 0.054
Smoking 34.8% 22.5% 0.398
Dyslipidemia 60.4% 62.5% 0.849
TC (mg/dL)? 197.6+40.3 212.0+38.1 0.090
TG (mg/dL)* 116.0+64.7 117.1+50.1 0.377
HDL-C (mg/dL)" 51.0 (33.0-100.0) 52.5 (32.0-92.0) 0.629
LDL-C (mg/dL)** 117.8+32.8 132.5+31.9 0.049
Glucose intolerance® 72% 37.5% 0.002
FPG (mg/dL)* 106.6 +21.7 95.9+9.5 0.013
Alc (%) 6.1+0.64 56+0.5 0.001
HOMA-IR® 2.17 (0.45-20.3) 2.5 (1.13-6.37) 0.233
GH (ng/mL)" 1.25 (0.05-29.2) NA NA
IGF-1 (ng/mL)° 423.5 (60.0-2291.0) NA NA
hs-CRP (mg/dL) 0.11 (0.01-1.68) 0.21 (0.02-1.28) 0.021
FGF-21 (pg/mL)° 85.5 (24.0-900) 59.0 (14.0-471.0) 0.020

BMI body mass index, WC waist circumference, SBP systolic blood pressure, DBP diastolic blood pressure,
TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein-cholesterol, LDL-C low-density
lipoprotein-cholesterol, DM diabetes mellitus, FPG fasting plasma glucose, HOMA-IR Homeostasis model
assessment-insulin resistance, GH growth hormone, /GF-1 insulin-like growth factor-1, NA not available,
hs-CRP high sensitive-C reactive protein, FGF-21 fibroblast growth factor 21

* p<0.05 was significant

*Values were expressed as mean + SD

®Values were expressed as median, (min-max)

°Glucose intolerance consists of subjects with diabetes mellitus and prediabetes

significantly and independently associated with the presence
of acromegaly.

Chen et al. [15] demonstrated that GH administration
caused increase in hepatic expression of FGF-21 and also
caused an increase in circulating FGF-21 concentrations in
mice. They suggested that increased FGF-21 levels acted
as a negative regulator to end the GH effect on lipolysis
in which there was an increase of free fatty acid levels
in adipose tissues through activation of lipolysis [16].
When they gave niacin as a lipolysis inhibitor together
with GH, the same inducing effect of GH on FGF-21 was
not observed [15]. It was stated that FGF-21 increase after
GH injection was through the activation of PPAR-alpha by
free fatty acid [17, 18]. Chen et al. [15] also verified those
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findings with the study in which they treated the hepat-
ocyte cells with PPAR-alpha antagonist (GW6471) and
they showed that the same effect of GH on FGF-21 mRNA
expression was not seen. It was suggested that PPAR-alpha
was important in the hepatic induction of FGF-21 by GH-
mediated lipolysis. When they investigated GH-induced
lipolysis in FGF-21 knock-out mice, free fatty acid was
higher in concentration in them compared to wild type
mice [15]. So, it could be said that both GH and FGF-21
have an effect on lipolysis. The increase of FGF-21 levels
in acromegaly could be as a compensatory mechanism to
balance the effect of excess GH on metabolism leading to
negative feedback loop system between GH and FGF-21.
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Table 2 Clini.cal, Variables Active acromegaly (AA)  Controlled acromegaly *p value

anthropometric ar}d laboratory (n=26) (CA) (n=17)

parameters of active and

controlled acromegaly patients Age (years)® 4484109 58.0+11.6 0.817
Gender (F/M) (12/14) (9/8) 0.663
BMI (kg/m?)? 31.8+5.5 29.5+4.2 0.196
Fat (%)* 27.8+9.3 29.8+9.5 0.532
Lean body mass (kg)* 64.1+14.3 56.6+11.2 0.107
Visceral fat (%)* 14.8+5.7 129+3.4 0.283
Smoking (%) 13 (50.0) 234 0.016
Hypertension (%) 10 (38.4) 9(52.9) 0.350
Dyslipidemia 13 (50.0) 13 (76.4) 0.083
Glucose intolerance (%)° 20 (76.9) 11 (64.7) 0.383
GH (ng/mL)" 3.25(0.62-29.2) 0.46 (0.05-1.49) < 0.001
IGF-1 (ng/mL)® 626 (257-2291) 178 (60-296) < 0.001
Disease duration (months)® 48 (4-264) 108 (7-396) 0.009
Surgery 24 (83.3) 13 (76.4) 0.143
Medical therapy 24 (92.3) 7(41.1) 0.000
Radiotherapy 5(19.2) 2(11.7) 0.790
Hypopituitarism 7(26.9) 5(294) 0.040
FGF-21 (pg/mL)° 85 (24-555) 94 (29-900) 0.817

GH growth hormone, /GF-1 insulin-like growth factor-1, FGF-21 fibroblast growth factor 21

*p <0.05 was significant

*Values were expressed as mean +SD

"Values were expressed as median, (min—max)

“Glucose intolerance consists of subjects diabetes mellitus and prediabetes

Brooks et al. [19] measured FGF-21 levels together with
FGF-21 mRNA, FGFR and BKL in mice to find out whether
GH excess was also a FGF-21 resistance state. Brooks
et al. [25] showed that male mice with increased GH had
increased circulating FGF-21. But, FGFR mRNA did not
increase as expected in resistance state. They suggested that
FGF-21 could increase as regards to increase in liver size.
Berryman et al. [20] showed that 6 month mice with excess
GH had increased liver weight, but Brooks et al. [19] didn’t
study the liver size in their study. We also couldn’t specu-
late anything related to the association of liver size with
increased FGF-21 levels. The other explanation stated by
Brooks et al. [19] was that FGF-21 may have not been elimi-
nated only by the kidney, because it was known that FGF-21
levels are increased in acute and chronic kidney diseases
[21]. In our study, no difference was found between acro-
megaly and control groups as regards to glomerular filtration
rate. It was an interesting find from the study of Brooks et al.
[19] that FGF-21 levels did not decrease in GH deficient
mice. When there is a change in GH dynamics, metabolic
factors like obesity or insulin resistance might not be unique
factors affecting FGF-21 levels. Although acromegaly is
associated with diabetes mellitus and insulin resistance we
found that increased FGF-21 levels were only associated
with the presence of acromegaly independent from those

metabolic disorders. In the light of those studies, we could
speculate that FGF-21 levels were increased as a compensa-
tory response to the effects of excess GH.

After it was shown that GH increased FGF-21mRNA lev-
els in animals, Lundberg et al. [22] observed that the FGF-21
levels also increased in healthy humans with GH treatment.
It was figured out FGF-21 levels increased up to 3.7-fold
after 3 weeks of GH injection in healthy males [22]. In our
study, there was no significant difference in FGF-21 levels
as regards to gender (data not shown).

Recently, Halupczok—Zyta et al. [23] found that there was
no significant difference in FGF-21 levels between acromeg-
aly and control groups. When they analyzed FGF-21 levels
in acromegaly group with regards to disease activity, the
results did not show statistical significance. They observed
positive correlation between FGF-21 and GH, IGF-1 in acro-
megaly group. As opposed to this, Inagaki et al. [24] showed
that chronic exposure of mice to FGF-21 inhibited janus
kinase 2 (JAK2)-signal transducer and activator of transcrip-
tion 5 (STATS) signaling leading to low IGF-1 levels. GH
resistance and low IGF-1 levels seen in anorexia nervosa
may be explained with this mechanism in which FGF-21
was increased as a fasting induced hormone [25]. We also
observed a negative relationship between FGF-21 levels
and IGF-1 levels in acromegaly group, but this association
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Table 3 Correlation analysis of FGF-21 levels with metabolic,
anthropometric and laboratory parameters

Variables p value r coefficient
Age (years) 0.700 0.043
SBP (mmHg) 0.761 0.034
DBP (mmHg) 0.777 —0.032
FPG (mg/dL) 0.022* 0.254
Alc (%) 0.020* 0.256
HOMA-IR 0.474 0.082
Triglyceride (mg/dL) 0.482 0.079
LDL-C (mg/dL) 0.447 —0.086
HDL-C (mg/dL) 0.531 0.070
hs-CRP 0.901 0.015
BMI (kg/m?) 0.622 0.055
WC (cm) 0.089 0.201
Fat (%) 0.875 —-0.019
Trunk fat (%) 0.601 0.064
Visceral fat (%) 0.245 0.140
Lean body mass (kg) 0.325 0.118
Fat mass (kg) 0.384 0.105

rindicates Spearman’s correlation coefficient
Correlation is significant at the 0.05 level

FGF-21 fibroblast growth factor 21, SBP systolic blood pressure,
DBP diastolic blood pressure, FPG fasting plasma glucose, HOMA-
IR Homeostasis model assessment-insulin resistance, LDL-C low-
density lipoprotein-cholesterol HDL-C high-density lipoprotein-cho-
lesterol, hs-CRP high sensitive-C reactive protein, BMI body mass
index, WC waist circumference

didn’t show any statistical significance. FGF-21 levels did
not change significantly between AA and CA groups. The
small number of patients in AA and CA groups might not
be enough to show the significant difference.

It is the fact that FGF-21 levels are increased in insulin
resistance, diabetes, dyslipidemia [4, 6]. In our study, FGF-
21 was associated with FPG and HbAlc in whole group
correlation analysis. On the other hand, FGF-21 levels were
only associated with the presence of acromegaly independ-
ent from metabolic parameters according to the multiple lin-
ear regression analysis. In acromegaly, while body weight
increases, lean body mass also increases in amount, but there
is still insulin resistance [26]. In our acromegaly group, body
weight and lean body mass were increased compared to con-
trol group, but visceral fat was higher in acromegaly group.
It could be difficult to predict the levels of FGF-21 in acro-
megaly patients who have altered body composition together
with insulin resistance. However, FGF-21 was found to be
significantly higher in acromegaly independent from BMI
and visceral fat in our study.

There are several limitations to our study. It was not pos-
sible to state casuality as the study had a cross-sectional
design. Having a relatively small study sample was another
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Fig.1 a Correlation of FGF-21 levels with fasting plasma glucose in
whole study group. b Correlation of FGF-21 levels with HbAlc in
whole study group

limitation. So, there is a need for further studies with larger
groups to demonstrate the precise relationship between GH
and FGF-21.

Conclusion

In conclusion, FGF-21 levels were increased significantly
in acromegaly group. Increased FGF-21 levels were sig-
nificantly and independently associated with the presence
of acromegaly. FGF-21 levels may be increased as a com-
pensatory mechanism in acromegaly. Acromegaly may also
be a FGF-21 resistance state independent from metabolic
disorders like insulin resistance, glucose intolerance, obe-
sity, hypertension and dyslipidemia. But, it is obvious that a
much more complicated interaction exists between GH and
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Table 4 Multiple linear regression models examining the factors
explaining FGF-21 level variability

Independent variables Model 1, R”?=0.125  Model 2, R>=0.113

p coefficient p value f coefficient p value

FPG 0.160 0.219  0.000 0.998
Alc 0.243 0.075  0.099 0.621
HOMA-IR 0.182 0.141  0.138 0.444
Glucose intolerance  0.232 0.084  0.286 0.042+°
BMI 0.080 0.547  0.029 0.868
Visceral fat 0.083 0.533 —-0.074 0.663
hs-CRP 0.112 0.380  0.102 0.540
Hypertension —0.136 0279 —-0.165 0.309
Dyslipidemia —0.039 0.757  0.035 0.838
Acromegaly 0.253 0.006%* — -
GH - - -0.221 0.170
IGF-1 - - -0.176 0.300

Model 1 was for whole study population, Model 2 was for acromeg-
aly group

R? was multiple coefficient of variation

p coefficient was unstandardized regression coefficient

FGF-21 fibroblast growth factor 21, FPG fasting plasma glucose,
HOMA-IR homeostasis model assessment-insulin resistance, glucose
intolerance consists of subjects with diabetes mellitus and prediabe-
tes, BMI body mass index, hs-CRP high sensitive-C reactive protein,
GH growth hormone, /IGF-1 insulin-like growth factor-21

*p value of <0.05 was considered significant
295% Confidence interval (CI) (0.077-0.429)
®95% Confidence interval (CI) (0.011-0.561)

FGF-21. There is a need for further studies to enlighten GH/
FGF-21 interaction.
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