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Abstract

Context: GH supplementation for GH deficiency (GHD) has been reported to decrease high-sensitivity C-reactive protein (hs-CRP), an
inflammatory marker; however, the association between GHD and hs-CRP remains unclear.

Objective: We aimed to clarify the impact of impaired GH secretion due to pituitary masses on hs-CRP levels.

Methods: \We retrospectively examined the association between GH secretion, assessed using GH-releasing peptide-2, and serum hs-CRP
levels before and a year after the pituitary surgery in patients with nonfunctioning pituitary neuroendocrine tumor or Rathke cleft cyst.

Results: Among 171 patients, 55 (32%) presented with severe GHD (peak GH response to GH-releasing peptide-2 < 9 ng/mL). Serum hs-CRP
levels were significantly higher in patients with severe GHD than in those without (P<.001) and significantly correlated with the peak GH
(r=-0.50, P<.001). Multiple regression analyses showed that the peak GH significantly and negatively predicted hs-CRP levels (f = —0.345;
95% CI, —0.533 to —0.158) and the lowest quartile of the peak GH (<5.04 ng/mL) were significantly associated with increase in hs-CRP levels
(exp [B]=1.840; 95% CI, 1.209 to 2.801), after controlling for other anterior hormones and metabolic parameters. Postoperative change in the
peak GH (N =60) significantly predicted change in hs-CRP levels (B =-0.391; 95% CI, —0.675 to —0.108), independent of alterations in other
anterior hormones and metabolic parameters.

Conclusion: The inverse association between GH secretion and hs-CRP levels highlights the protective role of GH in the increase in hs-CRP.
Key Words: hypopituitarism, inflammation, pituitary neuroendocrine tumor, Rathke's cleft cyst

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CRP, C-reactive protein; GFR, glomerular filtration
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GH deficiency (GHD) is the most common endocrine deficit
complicated by pituitary tumors [1] and is known to cause
metabolic complications, such as obesity, dyslipidemia [2],
and fatty liver [3], and premature atherosclerosis [4]. The ma-
jor causes of adult-onset GHD are nonfunctioning pituitary
neuroendocrine tumors (NF-PitNETs) and Rathke cleft cysts
(RCCs) [5]. Patients with GHD reportedly present higher
mortality and cardiovascular event risks than age- and sex-
matched controls [6, 7]. Furthermore, an observational study
reported a decreased risk of cardiovascular events after GH
supplementation therapy [7]. Therefore, GHD is believed to
play a role in the pathogenesis of atherosclerosis, leading to
cardiovascular events.

Atherosclerosis is characterized by a low-grade chronic in-
flammation of the arterial wall [8]. C-reactive protein (CRP)
is an established inflammatory biomarker and 1 of the most
widely used biomarkers associated with the risk of cardiovas-
cular events [9, 10]. Patients with hypopituitarism have been
observed to exhibit elevated CRP levels [11]. Serum high-

sensitivity CRP (hs-CRP) levels decrease after GH supplemen-
tation in GH-deficient patients [12, 13]. These reports suggest
an important role for GHD in the development of inflamma-
tion in patients with hypopituitarism; however, the associ-
ation between impaired GH secretion and the development
of inflammation remains unclear.

In the present study, we aimed to clarify the role of impaired
GH secretion in the increase in CRP levels. We retrospectively
investigated the association between GH secretion and serum
hs-CRP levels in patients with NF-PitNET and RCC.

Materials and Methods

Study Population

In this retrospective cross-sectional study, we reviewed all
available charts of adult patients with NF-PitNET or RCC
who were admitted to the Department of Endocrinology
and Hypertension at Tokyo Women’s Medical University
Hospital between January 2014 and March 2018. Patients
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249 patients with NF-PitNET (N = 155) or RCC (N = 94)
who were admitted between Jan 2014 and March 2018

A 4

No preoperative GHRP-2 test or serum hs-CRP measurement (N = 69)

\ 4

Severe renal insufficiency (N = 6)

\ 4

Active inflammatory diseases (N = 2)

A 4

No radiological information of the pituitary mass (N = 1)

171 patients with NF-PitNET (N = 100) and RCC (N = 71) were included to the cross-sectional analysis

A 4

No pituitary surgery (N = 62)

A 4

No GHRP-2 test or serum hs-CRP measurement a year after pituitary surgery (N = 48)

A 4

Under GH supplementation a year after pituitary surgery (N = 1)

60 patients with NF-PitNET (N = 43) and RCC (N = 17) were included to the longitudinal analysis

Figure 1. Flowchart of study population enroliment. Abbreviations: GHRP, GH-releasing peptide; hs-CRP, high-sensitivity C-reactive protein; NF-PitNET,

nonfunctioning pituitary neuroendocrine tumor; RCC, Rathke cleft cyst.

with NF-PitNET or RCC who underwent GH-releasing pep-
tide (GHRP)-2 testing and serum hs-CRP measurements
were included in this study. Patients with an estimated glom-
erular filtration rate (GFR) of <30 mL/min/1.73 m?, active in-
flammatory or malignant diseases, or a history of pituitary
surgery, or under GH supplementation therapy were ex-
cluded. Background clinical characteristics including age,
sex, body mass index (BMI), comorbidities, renal function, pi-
tuitary function, and pituitary mass size were retrieved. In pa-
tients who underwent pituitary surgery, serum hs-CRP levels,
peak GH response to GHRP-2, and metabolic parameters a
year after pituitary surgery were also retrieved. Obesity was
defined as a BMI >25 kg/m?. This study was conducted in ac-
cordance with the 1964 Declaration of Helsinki and its
amendments. Because the study was defined as one without
human samples under the Japanese guidelines presented by
the Ministry of Health, Labour and Welfare, written informed
consent was not required, and we used our official institution-
al website as an opt-out method. This study was approved by
the Ethics Committee of the Tokyo Women’s Medical
University Hospital (4856-R) and was designed and con-
ducted in accordance with Strengthening the Reporting of
Observational Studies in Epidemiology guidelines [14].

GHRP-2 Test

All patients with nonfunctioning pituitary masses underwent
GHRP-2 tests to determine GH secretion. Briefly, pralmorelin
hydrochloride (0.1 mg) (Kaken Pharmaceutical Co. Ltd.,
Tokyo, Japan) was IV injected at 9 aMm, and blood samples

were collected before and 15, 30, and 45 minutes after injec-
tion. Severe GHD was defined as a peak GH concentration
<9 ng/mL [15]. A GH cutoff value of 9 ng/mL with GHRP-2
corresponded to a GH value of 1.8 ng/mL with an insulin tol-
erance test when the GH value was calibrated with the recom-
binant World Health Organization 98/574 standard [15].
Although the GHRP-2 test is not included in the Endocrine
Society Guidelines [16], it is considered safe [17] and is widely
used to diagnose severe GHD in Japan because of its high sen-
sitivity and specificity compared with those of an insulin toler-
ance test [18].

Assays and Measurements

Serum aspartate aminotransferase (AST) (Quick Auto Neo
AST; Shino-Test, Tokyo, Japan), alanine aminotransferase
(ALT) (Quick Auto Neo ALT; Shino-Test), y-glutamyl trans-
peptidase (GGT) (Quick Auto Neo y-GT; Shino-Test), and
creatinine (Cygnus Auto Cre; Shino-Test) were measured us-
ing the enzymatic methods. Hemoglobin Alc (HbAlc) was
measured using HPLC (HA-8190 V, Arkley, Kyoto, Japan)
per the National Glycohemoglobin Standardization
Program. Serum high-density lipoprotein (HDL)-cholesterol
(MetaboLead HDL-C; Minaris Medical, Tokyo, Japan), low-
density lipoprotein (LDL)-cholesterol (MetabolLead LDL-C;
Minaris Medical), and triglyceride (Deteminer L TG II;
Minaris Medical) levels were measured using colorimetric en-
zymatic methods. Elevated liver enzyme levels were defined as
serum AST, ALT, or GGT levels higher than the upper limit of
normal. The estimated GFR was calculated using a formula
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Table 1. Background characteristics

N Overall Severe GHD— Severe GHD+ P
(N=171) (N=116) (N =355)

Age,y 171 54+16 52+17 56+14 13
Male sex, N (%) 171 67 (39) 37 (32) 30 (55) .007
BMI, kg/m? 171 23.5+3.8 23.0+3.7 24.6 +3.7 .009
BMI >25 kg/m?* 53 (31) 28 (24) 25 (35) .008
Hypertension, N (%) 171 57 (33) 36 (31) 21 (38) .39
Diabetes mellitus, N (%) 171 25 (15) 15 (13) 10 (18) .36
Dyslipidemia, N (%) 171 115 (67) 71 (61) 44 (80) .02
Clinical diagnosis, N (%) 171

NF-PitNET 100 (58) 61 (53) 39 (71) .02

RCC 71 (42) 55 (47) 16 (29)
Pituitary mass volume, mm?> 171 2198 (777-5526) 1378 (554-3235) 6416 (2753-9734) <.001
Number of anterior pituitary hormone deficits, N (%) 171

0 95 (56) 95 (82) 0(0) <.001

1 36 (21) 20 (17) 16 (29)

2 17 (10) 1(1) 16 (29)

3 11 (6) 0 (0) 11 (20)

4 12 (7) 0(0) 12 (22)
Corticotroph deficiency, N (%) 171 26 (15) 2(2) 24 (44) <.001
Hypothyroidism, N (%) 171 31 (18) 9(8) 22 (40) <.001
Hypogonadotropic hypogonadism, N (%) 171 39 (23) 11 (9) 28 (51) <.001
hs-CRP, ng/mL 171 348 (148-796) 249 (113-537) 754 (393-1330) <.001
AST, U/L 171 20 (17-26) 20 (15-25) 23 (19-31) .001
ALT, U/L 171 17 (12-25) 16 (12-23) 19 (14-28) .03
GGT, U/L 170 20 (14-33) 18 (13-31) 24 (17-42) .01
Elevated liver enzymes, N (%) 171 42 (25) 22 (19) 20 (36) .02
HbAlc, % 171 5.7(5.5-6.1) 5.7 (5.5-6.0) 5.8(5.4-6.1) .30
Creatinine, mg/dL 171 0.70 (0.61-0.83) 0.68 (0.59-0.78) 0.79 (0.63-0.86) .003
Estimated GFR, mL/min/1.73 m> 171 77.6 +15.7 79.2+15.7 74.1+15.4 .05
HDL-cholesterol, mg/dL 171 56 (48-70) 61 (50-73) 53 (41-59) .001
LDL-cholesterol, mg/dL 171 121 (100-146) 112 (93-134) 136 (115-162) <.001
Triglyceride, mg/dL 171 96 (71-132) 86 (64-119) 121 (90-181) <.001
Peak GH response to GHRP-2, ng/mL 171 16.1 (5.0-34.8) 27.0 (15.6-43.6) 2.5 (1.3-4.7) <.001
IGF-1, ng/mL 171 104 (77-141) 122 (91-149) 75 (51-106) <.001
IGF-1 SD score 171 -1.1+14 -0.7+1.2 -2.0+1.5 <.001
Free thyroxine, ng/mL 171 1.14 £0.26 1.23+£0.21 0.96 £0.26 <.001
Total testosterone (male), ng/mL 67 357 +£213 475 + 146 212+193 <.001

Data are presented as mean + SD or median (interquartile range).
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; GGT, y-glutamyl transpeptidase; GFR, glomerular

filtration rate; GHD, GH deficiency; GHRP-2, GH-releasing peptide-2; HbA1c, hemoglobin Alc; HDL, high-density lipoprotein; hs-CRP, high-sensitivity
C-reactive protein; LDL, low-density lipoprotein; NF-PitNET, nonfunctioning pituitary neuroendocrine tumor; RCC, Rathke cleft cyst.

developed by the Japanese Society of Nephrology [19]. Serum
hs-CRP concentrations were measured using a latex nephelom-
etry assay, N-latex CRP-2 (Siemens Diagnostics Japan, Tokyo,
Japan). A high hs-CRP level was defined as a serum hs-CRP lev-
el higher than 1000 ng/mL. Serum GH, free thyroxine, and to-
tal testosterone concentrations were measured using an
electrochemiluminescence  immunoassay, Elecsys hGH
(Roche, RRID: AB_2883977), Elecsys FT4 II (Roche, RRID:
AB_2924686), and Elecsys testosterone II (Roche, RRID:
AB_2783736), respectively. In addition, serum IGF-1 concen-
trations were measured using an immunoradiometric assay,

IGF-1 (Somatomedin-C) IRMA (Daiichi) (Fujirebio, RRID:

AB_3073548). The IGF-1 SD score was calculated based on
age- and sex-specific normative IGF-1 data from the Japanese
population [20]. We calculated the pituitary mass volume using
the formula for an ellipsoid approximation, /6 X (A X B x C),
where A, B, and C are the anteroposterior, vertical, and trans-
verse diameters of the masses, respectively [21].

Statistical Analyses

Statistical analyses were performed using JMP Pro software
(version 16.0; SAS Institute, USA). Data are presented as mean
+ SD or median (interquartile range) for descriptive analyses.
Data normality was analyzed by visual inspection of the
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Figure 2. Characteristics of the pituitary function of the patients. (A) Association between the prevalence of GHD, hypogonadotropic hypogonadism,
hypothyroidism, and corticotroph deficiency, and the deficit number of anterior pituitary hormones. (B) Association between the pituitary mass volume
and the number of anterior pituitary hormone deficits. Abbreviations: CD, corticotroph deficiency; GHD, GH deficiency; HH, hypogonadotropic
hypogonadism; HT, hypothyroidism; NF-PitNET, nonfunctioning pituitary neuroendocrine tumor; RCC, Rathke cleft cyst.

Table 2. Correlation between serum hs-CRP levels? and background
characteristics

Variables r P

Age 0.19 .01
BMI 0.42 <.001
AST? 0.32 <.001
ALT? 0.37 <.001
GGT? 0.38 <.001
Creatinine 0.28 <.001
Estimated GFR -0.22 .004
HbA1c 0.18 .02
HDL-cholesterol” -0.23 .002
LDL-cholesterol” 0.19 .01
Triglyceride” 0.31 <.001

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; GGT, y-glutamyl transpeptidase;
GFR, glomerular filtration rate; HbAlc, hemoglobin Alc; HDL,
high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; LDL,
low-density lipoprotein.

“Values were log-transformed for analyses.

Q-Q plots and histograms. Given the skewed distribution, the
peak GH response to GHRP-2, serum levels of hs-CRP, AST,
ALT, GGT, HDL-cholesterol, LDL-cholesterol, and triglycer-
ide, and pituitary mass volume were log-transformed for the
analyses that follow. Statistical significance between 2 groups
was calculated using the unpaired Student ¢ test. Statistical sig-
nificance between the values before and a year after pituitary
surgery was calculated using the paired Student # test.
Multiple comparisons among the groups were performed using
the Tukey test. The significance of categorical data was as-
sessed using Fisher exact test. Univariate regression analyses
were performed using Pearson correlation coefficients.
Analysis of covariance was used to determine the differences
between NF-PitNET and RCC after adjusting for mass size.
Because background characteristics, including other pituitary
hormone secretions may bias the association between GH se-
cretion and hs-CRP levels in multiple regression analyses, to es-
timate serum hs-CRP levels, explanatory factors were selected

from peak GH response to GHRP-2; elevated liver enzyme lev-
els as a complication of GHD; other anterior pituitary hor-
mone deficiencies; and known factors associated with serum
hs-CRP levels such as conventional coronary heart disease
risk factors including age, sex, BMI, hypertension, diabetes
mellitus, and hyperlipidemia [22], and serum creatinine level
[23]. In the analyses, peak GH response to GHRP-2 as an ex-
planatory variable was used as a continuous variable or as a
quartile group and thyroid function as a tertile group. The
standardized B coefficient was calculated to compare the
strength of each independent variable. We conducted a sensi-
tivity analysis for patients without corticotroph deficiency,
hypothyroidism, or hypogonadotropic hypogonadism. The
number of cases during the study period determined the sample
size. No missing data were imputed. Statistical significance was
setat P <.0S.

Results

Characteristics of Study Participants

Adult patients with NF-PitNET (N =155) and RCC (N =94)
were identified; those without preoperative GHRP-2 test or
serum hs-CRP measurement (N=69) and radiological
information (N = 1) and those with severe renal insufficiency
(N=6) and inflammatory diseases (N=2) were excluded
(Fig. 1). Thus, 171 patients with NF-PitNET (N =100) or
RCC (N =71) were included in our study.

Patient background characteristics are listed in Table 1. Of
the 171 patients, 95 (56%) had no anterior pituitary deficien-
cies, 26 (15%) had corticotroph deficiency, 31 (18%) had
hypothyroidism, 39 (23%) had hypogonadotropic hypo-
gonadism, and 55 (32%) had severe GHD. Severe isolated
GHD was observed in 16 patients (9%). Most patients with
2 or more anterior pituitary hormone deficiencies had severe
GHD (Fig. 2A). Overall, 15 (9%) patients received hydrocor-
tisone and 9 (5%) received levothyroxine. The clinical diagno-
sis of the pituitary mass was pathologically confirmed in 109
(64%) of the 171 patients.

Mass volumes in patients with NF-PitNETs were signifi-
cantly higher than those in patients with RCCs (4596
[1925-8949] vs 1093 [487-2029] mm?, P <.001). The mass
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Figure 3. Association between serum hs-CRP levels and background characteristics. (A) Serum hs-CRP levels in the patients with NF-PitNET and RCC.
(B) Correlation between serum hs-CRP levels and pituitary mass volumes in patients with NF-PitNET (open circles and dotted line) and RCC (closed circles
and solid line). The bold solid line represents the regression slope in all the patients. (C) Association between serum hs-CRP levels and the number of
anterior pituitary hormone deficits. (D) Serum hs-CRP levels in patients with and without severe GHD. (E) Correlation between serum hs-CRP levels and
peak GH response to GHRP-2 in patients with NF-PitNET (open circles and dotted line) and RCC (closed circles and solid line). The bold solid line
represents the regression slope in all the patients. (F) Correlation between changes in serum hs-CRP levels and peak GH response to GHRP-2 before and
a year after pituitary surgery. The solid line represents the regression slope. Abbreviations: GHD, GH deficiency; GHRP, GH-releasing peptide; hs-CRP,
high-sensitivity C-reactive protein; NF-PitNET, nonfunctioning pituitary neuroendocrine tumor; RCC, Rathke cleft cyst.

volumes in patients with 2 (P=.001), 3 (P<.001), or 4
(P =.01) deficits in the anterior pituitary hormones were sig-
nificantly higher than those in patients without anterior pitu-
itary hormone deficiencies (Fig. 2B).

Association Between Serum hs-CRP Level and
Background Characteristics

The serum hs-CRP level was 348 (148-796) ng/mL, and high
hs-CRP levels were observed in 35 (20%) patients. Male sex
(P <.001), obesity (P <.001), and dyslipidemia (P =.02) were
significantly associated with increased serum hs-CRP levels.
Hypertension (P=.37) and diabetes mellitus (P =.05) were
not significantly associated with serum hs-CRP levels. Serum
hs-CRP levels were significantly positively correlated with age,
BMI, and levels of AST, ALT, GGT, creatinine,
LDL-cholesterol, triglyceride, and HbA1c, and negatively corre-
lated with estimated GFR, and HDL-cholesterol levels (Table 2).

Association Between Serum hs-CRP Level and the
Characteristics of Pituitary Masses

We assessed the association between serum hs-CRP levels and
the pituitary mass characteristics. Serum hs-CRP levels were
significantly higher in patients with NF-PitNET than in those
with RCC (405 [203-907] vs 260 [92-616] ng/mL, P =.02)
(Fig. 3A). Serum hs-CRP levels were significantly correlated
with mass volume in patients with NF-PitNET (r=0.24,
P=.02) and RCC (r=0.33, P=.005), and in all patients
(r=10.32, P <.001) (Fig. 3-B). Analysis of covariance revealed
that mass volume (B=0.354, P<.001), but not RCC
(B=-0.047, P =.58) or the interaction between mass volume

and RCC (B=0.125, P=.15) was a significant explanatory
variable for estimating serum hs-CRP levels.

Association Between Serum hs-CRP Level and
Anterior Pituitary Hormones

Serum hs-CRP levels in patients with 2 (P =.03), 3 (P =.001), or
4 (P =.002) deficits of anterior pituitary hormones were signifi-
cantly higher than those in patients without anterior pituitary
hormone deficiency (Fig. 3C). Serum hs-CRP levels were signifi-
cantly higher in patients with severe GHD than in those without
severe GHD (754 [393-1330] vs 249 [113-537] ng/mL,
P <.001) (Fig. 3D) and were significantly correlated with the
peak GH response to GHRP-2 (r=-0.50, P <.001) (Fig. 3E)
but not with the IGF-1 SD score (r = —0.10, P = .21). The correl-
ation between serum hs-CRP levels and peak GH response to
GHRP-2 was significant in patients with NF-PitNET
(r=-0.44, P=.003) and RCC (r=-0.59, P=.01). Serum
hs-CRP levels were also significantly and inversely correlated
with free thyroxine levels (r = —0.22, P = .003) and were signifi-
cantly higher in patients with hypothyroidism than in those
without hypothyroidism (610 [235-1270] vs 302 [125-711]
ng/mL, P =.04). Serum hs-CRP levels in patients with hypogo-
nadotropic hypogonadism (586 [348-1240] vs 272 [124-688]
ng/mL, P <.001) and corticotroph deficiency (997 [577-2058]
vs 283 [125-610] ng/mL, P <.001) were significantly higher
than those in patients without hypogonadotropic hypogonad-
ism and corticotroph deficiency, respectively.

Multiple Linear Regression Analyses With Serum

hs-CRP Level

In the multiple linear regression analysis (Table 3), the peak
GH response to GHRP-2 (3=-0.376; 95% CI, —0.511 to
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—0.240; standardized B =—0.413) was a significant variable
for determining serum hs-CRP levels after adjusting for age,
sex, hypertension, diabetes mellitus, dyslipidemia, and serum
creatinine level (model 1). When corticotroph deficiency, hy-
pogonadotropic hypogonadism, and thyroid function were
added to the model (model 2), the peak GH response to
GHRP-2 (B=-0.342; 95% CI, -0.537 to -0.148;

8 exp (B) (95% Cl)
H - ) 1 (reference
S — Q4 (>st ;’g) - n ® Model 1 1 (reference
@ TEI (234.75) i m  Model 2 1 (reference
1
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Figure 4. Association between serum hs-CRP levels and GH secretion.
Forest plot demonstrating exponential transformation of B coefficients
(exp [B]) and 95% Cls of quartiles of peak GH response to GHRP-2 levels
in the multivariable regression analyses to estimate serum hs-CRP
levels, with the highest quartile (Q4) as reference. Because the
dependent variable was log-transformed, the p coefficients were
exponentially transformed. Exponential transformation of B coefficients
(Exp [B]) implies an interpretation on a multiplicative scale. Exp (B) implies
an interpretation on a multiplicative scale. The serum hs-CRP level
changes by 100 x (exp [B])% in the quartiles of peak GH response to
GHRP-2 levels compared with Q4. Model 1: adjusted for age, sex,
obesity, hypertension, diabetes mellitus, dyslipidemia, and creatinine
level. Model 2: adjusted for factors used in model 1 + corticotroph
deficiency, thyroid function, and hypogonadotropic hypogonadism.
Model 3: Adjusted for the factors used in model 2 + elevated liver
enzymes. Abbreviations: GHRP, GH-releasing peptide; hs-CRP,
high-sensitivity C-reactive protein.

standardized p=-0.377) was also a significant variable.
When elevated liver enzyme levels were further included in
the model (model 3), the peak GH response to GHRP-2
(B =-0.345; 95% CI, —0.533 to —0.158; standardized B =
—0.380) was a significant variable. The standardized B coeffi-
cients of the peak GH response to GHRP-2 were larger than
those of the other variables in model 2 and model 3. When
the patients with anterior pituitary hormone deficiencies other
than GH were excluded (N=111), peak GH response to
GHRP-2 was also a significant variable for determining serum
hs-CRP levels in model 1 (B=-0.446; 95% CI, —0.701 to
—0.191; standardized p=—-0.3135).

The lowest quartile group (Q1) (peak GH response to
GHRP-2 < 5.04 ng/mL) (exp [B]=2.257; 95% CI, 1.646 to
3.094) was significantly associated with an increase in serum
hs-CRP levels compared with the highest quartile group (Q4)
(peak GH response to GHRP-2 > 34.75 ng/mL) after adjusting
for age, sex, obesity, hypertension, diabetes mellitus, dyslipide-
mia, and serum creatinine level (model 1) (Fig. 4). When corti-
cotroph deficiency, thyroid function, and hypogonadotropic
hypogonadism were included in the model (model 2), Q1 was
also significantly associated with the serum hs-CRP levels
(exp [B] =1.865;95% CI, 1.210 to 2.875). When elevated liver
enzyme level was further included in the model (model 3), Q1
was also significantly associated with the serum hs-CRP levels
(exp [B] = 1.840; 95% CI, 1.209 to 2.801).

Postoperative Changes in Serum hs-CRP Level and
GH Secretion

Of the 108 patients who underwent pituitary surgery (75 with
NE-PitNET and 33 with RCC), 61 underwent postoperative
serum hs-CRP measurements and GHRP-2 tests a year after
pituitary surgery. After excluding 1 patient who was receiving
GH supplementation therapy, the remaining 60 patients (43

Table 4. Postoperative changes in pituitary function and metabolic parameters in the 60 patients with postoperative assessments

Baseline A year after pituitary surgery P
hs-CRP?, ng/mL 503 (242-1168) 609 (277-1460) A5
BMI, kg/m> 23.8+3.7 242 +3.8 .05
Systolic blood pressure, mm Hg 120+ 16 119+ 16 A1
AST?, U/L 21 (19-27) 22 (17-29) 42
ALT?, U/L 18 (13-23) 18 (13-27) .70
GGT“, U/L 21 (13-39) 21 (14-35) 97
HbAlc, % 5.8(5.5-6.0) 5.8 (5.4-6.1) .64
HDL-cholesterol?, mg/dL 55 (46-62) 56 (44-66) .96
LDL-cholesterol?, mg/dL 123 (106-143) 117 (101-132) .26
Triglyceride?, mg/dL 99 (82-146) 115 (76-161) 21
Peak GH response to GHRP-2¢, ng/mL 8.9 (2.4-14.2) 7.3 (2.1-16.3) .28
Severe GHD, N (%) 30 (50) 33 (55) .37
Corticotroph deficiency, N (%) 20 (33) 23 (38) 44
Free thyroxine, ng/mL 1.01+0.25 1.12+0.19 .001
Hypothyroidism, N (%) 20 (33) 23 (38) 44
Hypogonadotropic hypogonadism, N (%) 21 (395) 19 (32) .62

Data are presented as mean + SD or median (interquartile range).

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; GGT, y-glutamyl transpeptidase; GHD, GH
deficiency; GHRP, GH-releasing peptide; HbAlc, hemoglobin Alc; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; LDL,

low-density lipoprotein.
“Values were log-transformed for analyses.



with NF-PitNET and 17 with RCC) were included in the lon-
gitudinal analyses (Fig. 1). Table 4 shows the postoperative
changes in clinical characteristics.

Postoperative changes in serum hs-CRP levels were signifi-
cantly and inversely correlated with those in peak GH response
to GHRP-2 (r = —0.46, P < .001) (Fig. 3F). In addition, the post-
operative changes in serum hs-CRP levels were also significantly
correlated with those in serum HDL-cholesterol levels
(r=-0.40, P=.002) but not in BMI, systolic blood pressure,
or serum levels of AST, ALT, GGT, HbA1c, LDL-cholesterol,
and triglyceride (Table 5). Multiple linear regression analyses re-
vealed that the postoperative change in the peak GH response to
GHRP-2 (B=-0.392;95% CI, —0.673 to —0.111; standardized
B=-0.354) was a significant factor in determining the change
in serum hs-CRP levels after adjusting for changes in anterior pi-
tuitary hormone secretion other than GH (Table 6). When the
model was further extended to include BMI, systolic blood pres-
sure, and serum levels of ALT and HDL-cholesterol, the change
in the peak GH response to GHRP-2 (f=-0.391; 95% CI,

Table 5. Correlation between the postoperative changes in serum
hs-CRP levels? and those in metabolic parameters characteristics

Variables r P
BMI 0.07 58
Systolic blood pressure 0.09 47
AST? 0.12 35
ALT? -0.02 .89
GGT“ -0.13 .34
HbA1lc 0.11 .40
HDL-cholesterol” -0.40 .002
LDL-cholesterol” 0.19 15
Triglyceride” 0.13 .34

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; GGT, y-glutamyl transpeptidase;
HbA1c, hemoglobin Alc; HDL, high-density lipoprotein; hs-CRP,
high-sensitivity C-reactive protein; LDL, low-density lipoprotein.

“Values were log-transformed for analyses.
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—0.675 to —0.108; standardized p=—0.353) was also a signifi-
cant factor in determining the change in serum hs-CRP levels.

Discussion

In this retrospective study, serum hs-CRP levels were signifi-
cantly correlated with the peak GH response to GHRP-2, as
a marker of GH secretion, in patients with NF-PitNET and
RCC. Although other pituitary hormone deficiencies includ-
ing corticotroph deficiency, hypothyroidism, and hypogona-
dotropic hypogonadism were significantly associated with
increased serum hs-CRP levels, the peak GH response to
GHRP-2 was a significant variable for estimating serum
hs-CRP levels after adjusting for other pituitary hormone se-
cretions as well as atherosclerotic risk factors, and elevated
liver enzymes as possible confounders of serum hs-CRP levels
in multiple linear regression analyses. The lowest quartile
group of the GH secretion was significantly associated with se-
rum hs-CRP levels after the adjustment. Moreover, alterations
in the peak GH response to GHRP-2 after pituitary surgery
were significantly and inversely correlated with changes in se-
rum hs-CRP levels, independent of changes in other anterior
pituitary hormone secretions and metabolic parameters.
These findings revealed a significant and inverse relationship
between GH secretion and serum hs-CRP levels, independent
of atherosclerotic risk factors, metabolic consequences of
GHD including obesity and fatty liver, and other anterior pi-
tuitary hormone deficiencies.

There are 2 important findings regarding the association be-
tween impaired GH secretion and the increase in the inflam-
matory marker. First, impaired GH secretion may be a key
factor associated with the increase in hs-CRP levels in patients
with nonfunctioning pituitary mass lesions. Previous studies
have established that patients with hypopituitarism exhibit in-
creased CRP levels [11]. However, it was not clear which an-
terior pituitary hormone affected CRP levels. Our data show a
significant association between the number of anterior pituit-
ary hormone deficiencies and increased hs-CRP levels.
Although adrenal [24], thyroid [25], and gonadal [26, 27] in-
sufficiencies have been reportedly associated with increased

Table 6. Multiple linear regression analyses with the postoperative changes in serum hs-CRP levels?

Variables Model 1 Model 2
B (95% CI) Standardized B B (95% CI) Standardized B
Postoperative changes in
Peak GH response to GHRP-27, ng/mL -0.392 (-0.673 to -0.111)  -0.354 -0.391 (-0.675 to —0.108)  —-0.353
Number of anterior hormone 0.110 (—=0.004 to 0.223) 0.245 0.089 (—0.027 to 0.205) 0.199
deficiencies (excluding GH)
BMI, kg/m* — —0.024 (-0.110 to 0.063) -0.072
SBP, mm Hg — 0.003 (-0.00S5 to 0.010) 0.083
ALT? U/L — 0.079 (-0.532 to 0.689) 0.032
HDL-cholesterol?, mg/dL — -1.931 (-3.362 to —0.499)  -0.317
Adjusted R? and P value for the whole model ~ R*>=0.236 R*=0.300
P <.001 P <.001

Model 1: the model includes postoperative changes in peak GH response to GHRP-2 and number of anterior hormone deficiencies (excluding GH) as
explanatory factors. Model 2: adjusted for factors used in model 1 + postoperative changes in BMI, SBP, ALT, and HDL-cholesterol.
Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; GHRP, GH-releasing peptide; HDL, high-density lipoprotein; hs-CRP, high-sensitivity

C-reactive protein; SBP, systolic blood pressure.
“Values were log-transformed for analyses.



Journal of the Endocrine Society, 2023, Vol. 7, No. 12

inflammation, the results of this study suggest that GH secre-
tion, as indicated by the peak GH response to GHRP-2, is an
independent factor affecting serum hs-CRP levels, independ-
ent of other anterior hormone secretions. A previous in vivo
study reported that IGF-1 administration decreased vascular
inflammatory cytokines [28]. GHD, which leads to low
IGF-1 levels, may also contribute to increase in inflammatory
cytokines. Thus, impaired GH secretion resulting from non-
functioning pituitary masses may play a pivotal role in the in-
crease in CRP independent of other anterior pituitary
hormones.

Second, GH-deficient states may be associated with an in-
crease in the inflammatory marker, independent of its compli-
cations. GHD can cause obesity [29] and fatty liver [3]. A
previous report demonstrated that white adipose tissue in-
flammation may contribute to elevated CRP levels in obese pa-
tients [30]. In addition, hepatic steatosis and obesity are
independently associated with increased odds of high
hs-CRP levels [31]. In the present study, high serum hs-CRP
levels were associated with GHD independent of obesity and
elevated liver enzyme levels. Similarly, serum CRP levels
were decreased by GH supplementation therapy, independent
of changes in body composition [12, 29]. Because the mono-
cyte/macrophage-specific IGF1 receptor knockout model
showed increased pro-inflammatory cytokine production in
macrophages [32], a decrease in IGF-1 receptor signaling by
GHD might lead to inflammation in macrophages and in-
crease serum hs-CRP levels, at least in part, independent of
the development of obesity and fatty liver. The lack of a sig-
nificant correlation between IGF-1 SD scores and serum
hs-CRP levels in our study may be explained by the fact that
the main source of circulating IGF-1 is the liver [33] and its
low diagnostic accuracy in estimating GH secretion [4].
Thus, impaired GH secretion may contribute to the increase
in the inflammatory marker, independent of the metabolic
complications of GHD. To the best of our knowledge, this is
the first study to reveal a direct relationship between GH se-
cretion and CRP levels independent of other pituitary hor-
mone secretions and the complications of GHD.

Our findings indicate that assessing GH secretion in pa-
tients with pituitary disease is important for understanding
the risk of cardiovascular events. Although observational
studies have shown that patients receiving GH replacement
have reduced mortality compared with patients without GH
replacement, there is no convincing evidence that treatment
of GHD improves mortality rates [34]. Glucocorticoid overre-
placement and radiation therapy may bias the mortality of pa-
tients with GHD [34]. Consequently, adult GHD is perceived
as having a low priority in some countries [35]. The direct as-
sociation between impaired GH secretion and the inflamma-
tory marker demonstrated in our study suggests an
important protective role for GH in the development of car-
diovascular diseases through inflammation.

Our study has some limitations. First, the mechanism link-
ing the decrease in GH secretion to CRP production was not
investigated. Pro-inflammatory cytokines such as IL-1 and
IL-6 induce CRP gene expression [36]; however, the effect
of GH supplementation on these cytokines has been contra-
dictory [37]. Further studies on the association between GH
secretion and cytokine levels are warranted. Second, the diag-
nosis of GHD was confirmed using the GHRP-2 test, which
has only been approved in Japan [38]. However, a high correl-
ation between the GH response to a GHRP-2 test and that to

an insulin tolerance test has been reported [18]. The nonpep-
tide GH secretagogue macimorelin, approved in the United
States and Europe, also showed a high diagnostic accuracy
comparable to that of the insulin tolerance test [39]. The sig-
nificant association between GH secretion and serum hs-CRP
levels shown in our study should be confirmed in further stud-
ies using macimorelin to assess GH secretion.

In conclusion, this retrospective study revealed a significant
and inverse association between GH secretion and serum
hs-CRP levels, independent of atherosclerotic risk factors;
metabolic complications of GHD, including obesity and fatty
liver; and other anterior pituitary hormone deficiencies in pa-
tients with NF-PitNET and RCC. Postoperative changes in se-
rum hs-CRP levels were significantly and inversely correlated
with those in the peak GH response to GHRP-2. These results
suggest an important protective role of GH secretion in in-
creasing cardiovascular disease risk through inflammation, in-
dependent of the metabolic complications of GHD.
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