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Positive association between
nonalcoholic fatty liver disease
and growth hormone deficiency
in patients with nonfunctioning
pituitary adenoma
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2Institute of Endocrine Research, Yonsei University College of Medicine, Seoul, Republic of Korea,
3Pituitary Tumor Center, Severance Hospital, Seoul, Republic of Korea, *Yonsei Liver Center,
Severance Hospital, Seoul, Republic of Korea

Objective: Non-alcoholic fatty liver disease (NAFLD) is characterized by growth
hormone deficiency (GHd). We investigated the association between NAFLD
and GHd in patients with nonfunctioning pituitary adenomas (NFPA).

Design and methods: We recruited patients with NFPA who underwent
transsphenoidal adenectomy between January 2005 and December 2018.
Pituitary function was determined by the insulin tolerance test, thyroid
hormone assay, and gonadal hormone levels. NAFLD was defined as a
hepatic steatosis index greater than 36.

Results: Among 278 patients (mean age, 44.2 years; 58.6% [n=163] female), 103
(37.0%) had GHd, 139 (50.0%) had hypogonadism, and 75 (27.0%) had NAFLD.
The prevalence of NAFLD was significantly higher in patients with GHd than in
those without (36.9% vs. 21.1%, p=0.01). Even after adjusting for age, total
cholesterol level, gonadal function, and prolactin level, patients with GHd had
approximately two-fold higher prevalence of NALFD than those without GHd
(adjusted odds ratio [OR]=1.85, 95% confidence interval [Cl]=1.05-3.28,
p=0.03). Among female patients, the prevalence of NALFD was significantly
higher in those with GHd than in those without (adjusted OR=2.39, 95%
Cl=1.03-5.55, p=0.04); whereas, among male patients, the prevalence of
NAFLD was statistically similar between those with and without GHd
(p>0.05). In addition, gonadal function did not affect the prevalence of
NAFLD in patients with NFPA (29.3% with eugonadism vs. 47.8% with
hypogonadism, p=0.14).
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Conclusion: Among patients with NFPA, the prevalence of NAFLD was two-
fold higher in patients with GHd than that in those without GHd. Thus,
screening for NAFLD might be required in NFPA patients with GHd.

KEYWORDS

nonalcoholic fatty liver disease, growth hormone, growth hormone deficiency,
nonfunctioning pituitary adenoma, hepatic steatosis index

1 Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most
common cause of chronic liver disease worldwide (1). As
lifestyle and dietary habits have changed, the prevalence of
NAFLD has nearly doubled over the past 20 year (2). In South
Korea, the prevalence of NAFLD is approximately 30% and the
annual incidence of NAFLD is approximately 45 cases per 1,000
individuals (3). NAFLD is strongly associated with obesity,
diabetes, hyperlipidemia, and metabolic syndrome (4-6).
Furthermore, hypothyroidism, which causes metabolic
impairment, is an independent risk factor for NAFLD (7, 8). In
addition to hypothyroidism, several studies suggested that
NAFLD is associated with hypogonadism or senescence-related
hormonal insufficiency (9-13). Moreover, the association between
prolactin and NAFLD has recently been suggested (14, 15).

Growth hormone (GH) is essential for maintenance of
metabolic homeostasis in liver, muscle, and adipose tissues.
GH regulates carbohydrate and lipid metabolism in
hepatocytes. This action is mainly mediated through lipid
mobilization in white adipose tissue and insulin production
(16). Patients with Laron syndrome, caused by loss-of-function
mutations in the GH receptor gene in humans, develop NAFLD
and chronic replacement of insulin-like growth factor 1 (IGF-1)
does not alleviate NAFLD status (17). In addition, liver-specific
GH receptor deletion in mice results in increased hepatic insulin
resistance and severe hepatic steatosis and impaired
regeneration of hepatocytes, which might suggest the direct
effect of GH on hepatocytes via the GH receptor (18).

GH deficiency (GHd) in adults clinically manifests as
decreased lean body mass, muscle strength, bone mineral
density, increased visceral adipose tissue, and dyslipidemia (19,
20). Several studies have investigated the association between
hepatic steatosis and GHd (20-23). Steatosis severity associated
with GH levels in patients with hypopituitarism (10). Liver
enzymes and fatty liver improve after GH replacment in
patients with GHd (22, 24). These results suggest that NAFLD
may be partly attributable to GHd. However, it is not clear
whether GHd is independently associated with NAFLD, because
previous studies have been based on relative GHd in overweight
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or obese patients without the pituitary disorder (25, 26) or have
small sample sizes (10, 22-24, 27-29).

In this study, we explored the associations between NAFLD
and GHd in patients with nonfunctioning pituitary adenoma
(NFPA) and investigated the influence of sex and gonadal
function on NAFLD.

2 Methods
2.1 Study population

Patients with NFPA who underwent transsphenoidal
adenectomy between January 2005 and December 2018 were
recruited. The pituitary function and NAFLD were assessed before
transsphenoidal adenectomy. Patients were excluded if they had any
of the following (1): any diseases or were taking any drugs that can
affect hormones (e.g., levothyroxine, selective estrogen receptor
antagonist, glucocorticoids, etc.); (2) adrenal insufficiency or
thyroid dysfunction newly diagnosed in preoperative pituitary
function assessment; (3) undergone hysterectomy or unknown
menstrual cycle in female patients; (4) hepatic steatosis with
excessive alcohol consumption (2210 g/week in men; >140 g/week
in women); (5) concomitant liver diseases including viral hepatitis,
autoimmune hepatitis, other causes of fatty liver disease except
NAFLD; or (6) missing information. None of the patients with
hypogonadism had received hormonal therapy in this study.

The study protocol was approved by the Institutional Review
Board of Yonsei University Health System, Seoul, Korea
(4-2022-0520) and the requirement for informed consent was
waived, as this was a retrospective study.

2.2 Assessment of pituitary function

An insulin tolerance test was performed preoperatively to
evaluate GHd and adrenal insufficiency. Regular insulin
(Humulin® R, Eli Lilly and Company, Indiana, USA) was
injected into patients to achieve blood glucose levels of <40
mg/dL or a 250% decrease in glucose blood glucose level. Blood
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specimens were collected at 0, 30, 60, 90, and 120 min to
measure GH and cortisol (30).

Blood specimens were drawn at 8 am from patients who had
fasted for >8 hours. Patients on medications affecting pituitary
hormones were excluded, as previously noted. Levels of free T4,
thyroid-stimulating hormone, luteinizing hormone, and follicle-
stimulating hormone were measured. For gonadal hormones,
testosterone levels in male patients and estradiol levels in women
were measured.

2.3 Definition of pituitary dysfunction

Patients were considered to have GHd (GHd group) if the
peak GH level was below 3 ng/mL. Otherwise, they were
regarded having intact GH function (GHi group) (31).
Adrenal insufficiency was defined if a peak cortisol level was
neither above 18mg/dL nor increased by 8 mg/dL from the
baseline cortisol level (31). Central hypothyroidism was defined
as (1) a thyroid-stimulating hormone level lower than or within
the reference range despite low free T4 level or (2) a thyroid-
stimulating hormone level lower than the reference range, free
T4 level within the reference range, and thyroid-stimulating
antibody titer below the cut-off value (150%) (31). In male
patients, hypogonadism was considered if the testosterone
level was below 250 ng/mL. Female patients were considered
to have hypogonadism if they had irregular menstruation cycles
or amenorrhea. Among female patients with hypogonadism,
they were regarded having hypogonadotropic hypogonadism if
the follicle-stimulating hormone level was less than 40 TU/L;
otherwise, those were considered to be postmenopausal (32).

2.4 Definition of NAFLD

NAFLD was defined using a validated hepatic steatosis index
(HSI) calculated as follows: HSI = 8 x alanine aminotransferase
(ALT)/aspartate aminotransferase (AST) + BMI (+ 2 if diabetes
yes, + 2 if female) (33). The HSI was proposed in a Korean
cohort study of 10,724 subjects (5.462 subjects with NAFLD
diagnosed by ultrasonography). The HSI was less than 30, and
then NAFLD was excluded (negative likelihood ratio 0.2,
sensitivity 93.1%). Patients were regarded as having NAFLD if
HSI was greater than 36 (positive likelihood ratio 6.1, specificity
92.4%) (33). The AUC of the HSI was 0.81 and an acceptable
accuracy among a Korean population (33, 34). The primary
outcome was the association between NAFLD and GH status.

2.5 Statistical analysis

Continuous variables are expressed as means and standard
deviations and categorical variables are presented as numbers
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and percentages. Mean values between groups were compared
using the Mann-Whitney test. The proportions between the
groups were compared using the chi-square test. Multivariable
logistic regression analysis was applied to determine the
independent association between GHd and NAFLD after
adjusting for age in model 1, age and cholesterol level in
model 2, and age, cholesterol level, hypogonadism, and
prolactin level in model 3. Statistical analyses were performed
using SPSS version 26.0 for Windows (IBM Corp., Armonk, NY,
USA). For all calculations, a p value <0.05 was considered
statistically significant.

3 Results

3.1 Baseline characteristics of the
study population

After excluding 548 patients according to our exclusion
criteria, 278 patients (mean 44.2 years; 58.6% [n=163] female)
were selected for the statistical analysis (Figure 1) The mean BMI
and total cholesterol level were 23.8 kg/m* and 190 mg/dL,
respectively. Eighteen (6.5%) patients had diabetes. 103 (37.0%)
patients had GHd and 139 (50.0%) patients had hypogonadism.
46 (16.5%) patients had isolated GHd and 82 (29.5%) patients

NFPA patients who underwent TSA
from January 2005 to December 2018
n= 826

Excluded if:

- Any diseases or were taking any drugs that
can affect hormones

- Newly diagnosed adrenal insufficiency or
thyroid hormone deficiency in preoperative
pituitary function assessment

- History of hysterectomy or unknown
menstruation cycle in female patients

- Excessive alcohol consumption (2210 g/week
in men; 2140 g/week in women)

- Concomitant liver disease including viral
hepatitis, autoimmune hepatitis, other cause
of fatty liver disease except NAFLD

- Missing values (total cholesterol level,
pituitary function assessment)

n=278

Growth hormone
intact
n=133

Growth hormone
deficiency
n=145

FIGURE 1

Flow diagram of subject inclusion and exclusion. NFPA,
nonfunctioning pituitary adenoma; TSA, transsphenoidal
adenomectomy; NAFLD, nonalcoholic fatty liver disease.
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had only hypogonadism. 57 (20.5%) patients had both. The
mean prolactin level was 29.4 ng/mL. 75 (27.0%) patients
had NAFLD.

3.2 Comparison between patients with
and without GHd

The GHd group had a significantly older age (mean 46.5 vs.
429 years, p=0.01), higher BMI (mean 24.8 vs. 23.4 kg/m’
p=0.001), and higher total cholesterol level (mean 203 vs. 189
mg/dL, p=0.001) than the GHi group (Table 1). The prevalence
of NAFLD was significantly higher in the GHd group than that
in the GHi group (36.9% vs. 21.1%, p=0.01).

3.3 Comparison between patients with
and without GHd according to sex

The baseline characteristics of the patients with and without
GHd were compared according to sex (Table 1). In 115 (41.4%)
male patients, the mean age and BMI were 50.2 years and 24.9
kg/m?, respectively. Thirteen (11.3%) patients had diabetes. 57
(49.6%) patients had GHd, and 23 (20.0%) patients had
hypogonadism. The number of patients with NALFD was 38
(33.0%). Total cholesterol levels were significantly higher in the
GHd group than in the GHi group (203 mg/dL vs. 185 mg/
dL, p=0.002).

In 163 (58.6%) female patients, the mean age and BMI were
40.0 years and 23.1 kg/m’ respectively. Five (3.1%) female

TABLE 1 Basic characteristics of population.

Total (n=278)

Variables cid
(n=103,
37%)

Age (yrs) 429 + 12,5 46.5 £ 12.1 0.01
Bod ind

0CY Tnass index 234433 248+33 0.001
(kg/m?)
Diabetes 10 (5.7) 8 (7.8) 0.62
T

otal cholesterol 190 + 34 204 £ 40 0.001
(mg/dL)
Hypogonadism 82 (46.9) 57 (55.3) 0.21
Hypogonadotropic
hypogonadism
Prolactin (ng/ml) 313 +£29.2 26.1 +25.6 0.124
NAFLD 37 (21.1) 38 (36.9) 0.01

Variables are expressed as mean + SD or n (%).

10.3389/fendo.2022.1057769

patients had diabetes. The number of patients with GHd or
patients with hypogonadism was 46 (28.3%) and 116 (71.2%),
respectively. 16 (34.8%) female patients had NALFD. Female
patients with hypogonadism were further subdivided into
postmenopausal and hypogonadotropic hypogonadism groups.
Among female patients with hypogonadism, 99 (85.3%) had
hypogonadotropic hypogonadism and 17 (14.7%) were
postmenopausal. Similar to the male group, the total
cholesterol level was significantly higher in the GHd group
than in the GHi group (204 vs. 192 mg/dL, p=0.04).

3.4 Association between growth
hormone status and NAFLD

The association between growth hormone status and
NALFD was assessed (Figure 2 and Table 2). The prevalence
of NAFLD was significantly higher in the GHd group than in the
GHi group (36.9% vs. 21.1%, p=0.01). GHd was significantly
associated with NAFLD (unadjusted odds ratio [OR]=2.19, 95%
confidence interval [CI] 1.27-3.74, p=0.01). In a fully adjusted
model (Model 3), the GHd group had a 1.85-fold increased risk
of NAFLD compared with the GHi group (adjusted OR=1.85,
95% CI 1.05-3.28, p=0.03).

3.5 Association between sex and NAFLD

The association between sex and NALFD was also assessed
(Figure 2 and Table 2). The prevalence of NFALD was

Male (n=115) Female (n=163)
GHi GHd GHi GHd
(n=58, (n=57, (n=117, (n=46,

50%) 50%) 72%) 28%)
501+ 121 50.3 %115 091 393+112 417 + 111 0.13
24.6 + 2.4 253 +27 0.15 228 +35 241439 0.04
7 (12.1) 6 (10.5) 0.99 3(26) 2(43) 0.62
185 + 34 203 + 42 0.01 192 +33 204 + 39 0.04
5 (8.6) 18 (31.6) 0.002 77 (65.8) 39 (84.8) 0.02
- - - 64 (54.7) 35 (76.1) 0.01
112 +82 140 9.8 0.09 41.1 %307 417 £310 091
16 (27.6) 22 (38.6) 0.24 21 (17.9) 16 (34.8) 0.04

GHi, intact growth hormone function; GHd, growth hormone deficiency; NAFLD, nonalcoholic fatty liver disease.
GHd was defined as peak growth hormone < 3 ng/mL in insulin tolerance test and NAFLD was defined as hepatic steatosis index greater than or equal to 36.
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FIGURE 2

Prevalence of NAFLD according to growth hormone status stratified
by gender. NAFLD, nonalcoholic fatty liver disease; GHi, intact
growth hormone function; GHd, growth hormone deficiency.

statistically similar between the GHd and GHi groups among the
male patients (38.6% vs. 27.6%, p=0.24). In contrast, among the
female patients, the GHd group had a significantly higher
prevalence of NAFLD than the GHi group (34.8% vs. 17.9%,
p=0.04). In a fully adjusted model (Model 3), the GHd group had
the increased risk of NAFLD compared with the GHi group
(adjusted OR=2.39, 95% CI 1.03-5.55, p=0.04).

3.6 Association between gonadal
dysfunction and NAFLD

The prevalence of NAFLD did not differ according to gonadal
function (28.1% in eugonadism vs. 25.9% in hypogonadism;
p=0.79). When divided according to sex, similar results were
maintained (29.3% in eugonadism vs. 47.8% in hypogonadism in
male patients, p=0.14; 25.5% in eugonadism, vs. 29.4% in

10.3389/fendo.2022.1057769

postmenopausal, vs. 20.2% in hypogonadotropic hypogonadism,
p=0.57) (Supplement Table 1).

4 Discussion

To the best of our knowledge, this is the first study to analyze
the association between GHd and NAFLD, excluding the effects
of other hormones, including thyroid hormones. We
demonstrated that NFPA patients with GHd showed a 2.18
times increased risk of NAFLD compared with GHi patients.
The risk of NAFLD remained higher in the GHd group after
adjusting for age, total cholesterol level, hypogonadism, and the
prolactin level (OR=1.85). No statistically significant difference
was observed in the prevalence of NFALD between the GHd and
GHi groups among male patients, whereas the risk of NAFLD
was 2.5 times higher in the GHd group than in the GHi group
among female patients. The increased risk of NFALD persists
after adjusting for age, total cholesterol level, hypogonadism, and
the prolactin level (OR=2.39) in female patients. Hypogonadism
was not significantly associated with NAFLD in this study.

Our study has several implications. First, we demonstrated
an independent association between GHd and NAFLD.
Although the causal relationship between the two factors could
not be assessed in a retrospective cross-sectional study, our main
finding is supported by previous basic and clinical research (10,
17, 21-23, 35-39). GH indirectly affects hepatic steatosis by
changing body composition. GHd in adulthood increases fat
mass, predominantly in the abdominal compartment (40) and
visceral fat is significantly associated with hepatic steatosis (41,
42). In in vivo experiments using hepatocyte-specific GHR
knockdown (aHepGHRkd) mice, hepatic steatosis rapidly
developed independently of systemic insulin sensitivity and
lipolysis (37, 43). In addition, in in vitro and in vivo
experiments, GHd prevented the activation of signal

TABLE 2 Unadjusted and adjusted odds ratio of NAFLD in regard to growth hormone status in patients with NFPA.

Total

Odds ratio (95% Cl)

Female

Odds ratio (95% Cl)

Unadjusted 2.18 (1.27, 3.74)
Model 1 2.04 (1.18, 3.53)
Model 2 2.01 (1.16, 3.50)
Model 3 1.85 (1.05, 3.28)

2.50 (1.18, 5.31) 0.02
2.27 (1.02, 5.03) 0.04
2.11 (0.94, 4.74) 0.07
2.39 (1.03, 5.55) 0.04

NAFLD, nonalcoholic fatty liver disease; CI, confidence interval; NFPA, nonfunctioning pituitary adenoma.

Model 1: adjusted by age.
Model 2: adjusted by age, preoperative total cholesterol.

Model 3: adjusted by age, preoperative total cholesterol, hypogonadism, and prolactin level.
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transducer and activator of transcription-5 (STAT5), causing an
increase in liver lipid uptake and promoting the development of
NAFLD (21, 44).

Second, although, to date, few studies have explored the
association between GHd and NAFLD, the results have been
conflicting. Hong et al. reported that the severity of hepatic
steatosis in 34 male patients with hypopituitarism was associated
with GHd after adjusting for the BMI effect (10). Nishizawa et al.
also demonstrated a higher rate of NAFLD in GHd subjects
when diagnosed with ultrasonography (22). On the other hand,
Meienberg et al. reported that there was no difference in intra-
hepatocellular lipid components measured using MRI in 22
adults with GHd compared with healthy controls after
adjusting for age, race, height, weight, and sex (29). Another
study conducted by Gardner et al. showed no difference in the
prevalence of NAFLD between adult patients with GHd and
controls (36). The average BMI of the study by Gardner et al. was
higher than those of the studies by Hong et al. or Nishizawa at el
(27.8 kg/m® vs. 252 kg/m> and 25.0 kg/m®). The discrepant
results regarding the association between GHd and NAFLD
prevalence might suggest that the effects of GHd on liver fat
may vary according to ethnicity (29). In addition, this
discrepancy may be because the effect on hypothyroidism,
which has recently been shown to be related to NAFLD (38,
45, 46), was not excluded in other studies. In contrast, we proved
an association between GHd and NAFLD after excluding the
confounding effect of other hormones on NAFLD. Patients with
hypothyroidism or adrenal insufficiency were excluded as
previously stated. Additionally, gonadal function and the
prolactin level were incorporated into multiple logistic
regression model to minimize the effect of hypogonadism
on NAFLD.

Third, in our study, an increased risk of NAFLD in the GHd
group was maintained only in female patients, not in male.
Although previous studies reported that baseline GH levels were
not different between sexes (47), it is known that estrogen
stimulates GH secretion while inhibiting insulin-like growth
factor 1 production in the liver, which enhances GH secretion
(48, 49). However, in our study, the risk of NAFLD in female
patients was still increased in the GHd group after adjusting for
hypogonadism. Although no study has compared metabolic
complication between male and female patients with GHd, it
is known that female patients with GHd require a higher dose of
recombinant GH than their male counterparts (50). In addition,
Franco et al., showed that the change in visceral fat mass in
postmenopausal women after GH treatment were less than that
in age- and BMI-matched men (51). The observed difference in
the risk of NAFLD in this study, along with previous studies,
might suggest the sex dimorphism of GH action in the liver that
was not solely caused by estrogen.
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Fourth, in epidemiological studies, the prevalence of NAFLD
in women of reproductive age is lower than that in their male
counterparts; however, postmenopausal women have a
comparable prevalence of NAFLD with men (52). The
prevalence of NAFLD increases not only in postmenopausal
women (53) but also in those with jatrogenic menopause (54),
suggesting a protective effect of estrogen. In men, low
testosterone levels are known to be associated with NAFLD
(11-13). In contrast, our results showed no association between
hypogonadism and NAFLD prevalence. Rather than
hypogonadism having no effect on NAFLD, it is possible that
most female patients in this study were in premenopausal age
and the duration of exposure to hypogonadism might not have
been long enough to induce fatty liver. In the case of male
patients, the inconsistent results may be due to the different cut-
off values of testosterone for male hypogonadism were set for
each study (11-13).

Despite its several strengths and clinical implications, our
study has several limitations. First, although we used well-
validated surrogate for the diagnosis of NAFLD (3, 33, 34),
liver imaging and histological information for assessing fatty
liver were not available. Second, due to the cross-sectional nature
of our study design, we could not assess the longitudinal
dynamic association between the development of hepatic
steatosis and GHd. Third, the duration of exposure to GHd
was unclear. The relation between the exposure period, severity
of GHd, and the risk of NAFLD may have been biased. Lastly, we
could not examine the effects of anthropic or muscle mass, which
are significant risk factors for NAFLD.

In conclusion, among patients with NFPA, the prevalence of
NAFLD was two-fold higher in patients with GHd than in those
without GHd. Thus, screening for NAFLD might be required in
patients with NFPA, if GHd is present. However, further studies
are needed to evaluate the dynamic association between GHd
levels and NAFLD incidence.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Institutional Review Board of Yonsei University
Health System. Written informed consent for participation was
not required for this study in accordance with the national
legislation and the institutional requirements.

frontiersin.org


https://doi.org/10.3389/fendo.2022.1057769
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Hwang et al.

Author contributions

Conceptualization and design: CK and SK; writing original
draft: Y-AH and HL; writing review, and/or revision of the
manuscript: Y-AH, HL, SA, EL, CK, and SK; funding
acquisition: CK and SK. All authors contributed to the article
and approved the submitted version.

Funding

This research was supported by a grant from the Korea
Health Technology R&D Project through the Korea Health
Industry Development Institute (KHIDI), funded by the
Ministry of Health & Welfare, the Republic of Korea (grant
number: HR18C0012).

Acknowledgments

We thank Youjung Lee for the data collection. We also thank
the Editage (www.editage.co.kr) for English language editing.

References

1. Younossi Z, Tacke F, Arrese M, Chander Sharma B, Mostafa I, Bugianesi E,
et al. Global perspectives on nonalcoholic fatty liver disease and nonalcoholic
steatohepatitis. Hepatology (2019) 69(6):2672-82. doi: 10.1002/hep.30251

2. Loomba R, Sanyal AJ. The global NAFLD epidemic. Nat Rev Gastroenterol
Hepatol (2013) 10(11):686-90. doi: 10.1038/nrgastro.2013.171

3. Kang SH, Lee HW, Yoo JJ, Cho Y, Kim SU, Lee TH, et al. KASL clinical
practice guidelines: Management of nonalcoholic fatty liver disease. Clin Mol
Hepatol (2021) 27(3):363-401. doi: 10.3350/cmh.2021.0178

4. Haentjens P, Massaad D, Reynaert H, Peeters E, Van Meerhaeghe A, Vinken
S, et al. Identifying non-alcoholic fatty liver disease among asymptomatic
overweight and obese individuals by clinical and biochemical characteristics.
Acta Clin Belg (2009) 64(6):483-93. doi: 10.1179/acb.2009.084

5. Wijarnpreecha K, Aby ES, Ahmed A, Kim D. Evaluation and management of
extrahepatic manifestations of nonalcoholic fatty liver disease. Clin Mol Hepatol
(2021) 27(2):221-35. doi: 10.3350/cmh.2020.0239

6. Hydes TJ, Ravi S, Loomba R, Gray ME. Evidence-based clinical advice for
nutrition and dietary weight loss strategies for the management of NAFLD and
NASH. Clin Mol Hepatol (2020) 26(4):383-400:2532. doi: 10.3350/cmh.2020.0067

7. He W, An X, Li L, Shao X, Li Q, Yao Q, et al. Relationship between
hypothyroidism and non-alcoholic fatty liver disease: A systematic review and
meta-analysis. Front Endocrinol (Lausanne). (2017) 8:335. doi: 10.3389/
fendo.2017.00335

8. Lee KW, Bang KB, Rhee EJ, Kwon HJ, Lee MY, Cho YK. Impact of
hypothyroidism on the development of non-alcoholic fatty liver disease: A 4-
year retrospective cohort study. Clin Mol Hepatol (2015) 21(4):372-8. doi: 10.3350/
c¢mh.2015.21.4.372

9. Lazo M, Zeb I, Nasir K, Tracy RP, Budoff MJ, Ouyang P, et al. Association
between endogenous sex hormones and liver fat in a multiethnic study of
atherosclerosis. Clin Gastroenterol Hepatol (2015) 13(9):1686-93 e2.
doi: 10.1016/j.cgh.2014.12.033

10. Hong JW, Kim JY, Kim YE, Lee EJ. Metabolic parameters and nonalcoholic
fatty liver disease in hypopituitary men. Horm Metab Res (2011) 43(1):48-54.
doi: 10.1055/s-0030-1265217

11. Yassin AA, Alwani M, Talib R, Almehmadi Y, Nettleship JE, Alrumaihi K,
et al. Long-term testosterone therapy improves liver parameters and steatosis in

Frontiers in Endocrinology

07

10.3389/fendo.2022.1057769

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fendo.2022.1057769/full#supplementary-material

hypogonadal men: A prospective controlled registry study. Aging Male. (2020) 23
(5):1553-63. doi: 10.1080/13685538.2020.1867094

12. Kim S, Kwon H, Park JH, Cho B, Kim D, Oh SW, et al. A low level of serum
total testosterone is independently associated with nonalcoholic fatty liver disease.
BMC Gastroenterol (2012) 12:69. doi: 10.1186/1471-230X-12-69

13. Jaruvongvanich V, Sanguankeo A, Riangwiwat T, Upala S. Testosterone, sex
hormone-binding globulin and nonalcoholic fatty liver disease: A systematic review
and meta-analysis. Ann Hepatol (2017) 16(3):382-94. doi: 10.5604/
16652681.1235481

14. Zhang P, Ge Z, Wang H, Feng W, Sun X, Chu X, et al. Prolactin improves
hepatic steatosis via CD36 pathway. ] Hepatol (2018) 68(6):1247-55. doi: 10.1016/
j.jhep.2018.01.035

15. Zhu C, Ma H, Huang D, Li G, Gao J, Cai M, et al. J-Shaped relationship
between serum prolactin and metabolic-associated fatty liver disease in female
patients with type 2 diabetes. Front Endocrinol (Lausanne) (2022) 13:815995.
doi: 10.3389/fend0.2022.815995

16. Vazquez-Borrego MC, Del Rio-Moreno M, Kineman RD. Towards
understanding the direct and indirect actions of growth hormone in controlling
hepatocyte carbohydrate and lipid metabolism. Cells (2021) 10(10):2532.
doi: 10.3390/cells10102532

17. Laron Z, Ginsberg S, Webb M. Nonalcoholic fatty liver in patients with
laron syndrome and GH gene deletion - preliminary report. Growth Horm IGF Res
(2008) 18(5):434-8. doi: 10.1016/j.ghir.2008.03.003

18. Takahashi Y. The role of growth hormone and insulin-like growth factor-I
in the liver. Int ] Mol Sci (2017) 18(7):1447. doi: 10.3390/ijms18071447

19. Kargi AY, Merriam GR. Diagnosis and treatment of growth hormone
deficiency in adults. Nat Rev Endocrinol (2013) 9(6):335-45. doi: 10.1038/
nrendo.2013.77

20. Takahashi Y, Iida K, Takahashi K, Yoshioka S, Fukuoka H, Takeno R, et al.
Growth hormone reverses nonalcoholic steatohepatitis in a patient with adult
growth hormone deficiency. Gastroenterology (2007) 132(3):938-43. doi: 10.1053/
j.gastro.2006.12.024

21. Ichikawa T, Hamasaki K, Ishikawa H, Ejima E, Eguchi K, Nakao K. Non-
alcoholic steatohepatitis and hepatic steatosis in patients with adult onset growth
hormone deficiency. Gut (2003) 52(6):914. doi: 10.1136/gut.52.6.914

frontiersin.org


http://www.editage.co.kr
https://www.frontiersin.org/articles/10.3389/fendo.2022.1057769/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.1057769/full#supplementary-material
https://doi.org/10.1002/hep.30251
https://doi.org/10.1038/nrgastro.2013.171
https://doi.org/10.3350/cmh.2021.0178
https://doi.org/10.1179/acb.2009.084
https://doi.org/10.3350/cmh.2020.0239
https://doi.org/10.3350/cmh.2020.0067
https://doi.org/10.3389/fendo.2017.00335
https://doi.org/10.3389/fendo.2017.00335
https://doi.org/10.3350/cmh.2015.21.4.372
https://doi.org/10.3350/cmh.2015.21.4.372
https://doi.org/10.1016/j.cgh.2014.12.033
https://doi.org/10.1055/s-0030-1265217
https://doi.org/10.1080/13685538.2020.1867094
https://doi.org/10.1186/1471-230X-12-69
https://doi.org/10.5604/16652681.1235481
https://doi.org/10.5604/16652681.1235481
https://doi.org/10.1016/j.jhep.2018.01.035
https://doi.org/10.1016/j.jhep.2018.01.035
https://doi.org/10.3389/fendo.2022.815995
https://doi.org/10.3390/cells10102532
https://doi.org/10.1016/j.ghir.2008.03.003
https://doi.org/10.3390/ijms18071447
https://doi.org/10.1038/nrendo.2013.77
https://doi.org/10.1038/nrendo.2013.77
https://doi.org/10.1053/j.gastro.2006.12.024
https://doi.org/10.1053/j.gastro.2006.12.024
https://doi.org/10.1136/gut.52.6.914
https://doi.org/10.3389/fendo.2022.1057769
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Hwang et al.

22. Nishizawa H, Iguchi G, Murawaki A, Fukuoka H, Hayashi Y, Kaji H, et al.
Nonalcoholic fatty liver disease in adult hypopituitary patients with GH deficiency
and the impact of GH replacement therapy. Eur ] Endocrinol (2012) 167(1):67-74.
doi: 10.1530/EJE-12-0252

23. Yuan XX, Zhu HJ, Pan H, Chen S, Liu ZY, Li Y, et al. Clinical characteristics
of non-alcoholic fatty liver disease in Chinese adult hypopituitary patients. World |
Gastroenterol (2019) 25(14):1741-52. doi: 10.3748/wjg.v25.i114.1741

24. Matsumoto R, Fukuoka H, Iguchi G, Nishizawa H, Bando H, Suda K, et al.
Long-term effects of growth hormone replacement therapy on liver function in
adult patients with growth hormone deficiency. Growth Horm IGF Res (2014) 24
(5):174-9. doi: 10.1016/j.ghir.2014.07.002

25. Liang S, Yu Z, Song X, Wang Y, Li M, Xue J. Reduced growth hormone
secretion is associated with nonalcoholic fatty liver disease in obese children. Horm
Metab Res (2018) 50(3):250-6. doi: 10.1055/s-0043-124970

26. Fusco A, Miele L, D’Uonnolo A, Forgione A, Riccardi L, Cefalo C, et al.
Nonalcoholic fatty liver disease is associated with increased GHBP and reduced
GH/IGF-I levels. Clin Endocrinol (Oxf). (2012) 77(4):531-6. doi: 10.1111/j.1365-
2265.2011.04291.x

27. Kodama K, Ichihara A, Seki Y, Ikarashi Y, Sagawa T, Kogiso T, et al.
Characteristics of NAFLD based on hypopituitarism. Can J Gastroenterol Hepatol
(2020) 2020:8814435. doi: 10.1155/2020/8814435

28. Adams LA, Feldstein A, Lindor KD, Angulo P. Nonalcoholic fatty liver
disease among patients with hypothalamic and pituitary dysfunction. Hepatology
(2004) 39(4):909-14. doi: 10.1002/hep.20140

29. Meienberg F, Yee M, Johnston D, Cox J, Robinson S, Bell JD, et al. Liver
fat in adults with GH deficiency: comparison to matched controls and the effect
of GH replacement. Clin Endocrinol (Oxf). (2016) 85(1):76-84. doi: 10.1111/
cen.13042

30. Schmidt IL, Lahner H, Mann K, Petersenn S. Diagnosis of adrenal
insufficiency: Evaluation of the corticotropin-releasing hormone test and basal
serum cortisol in comparison to the insulin tolerance test in patients with
hypothalamic-pituitary-adrenal disease. J Clin Endocrinol Metab (2003) 88
(9):4193-8. doi: 10.1210/jc.2002-021897

31. Fleseriu M, Hashim IA, Karavitaki N, Melmed S, Murad MH, Salvatori R, et al.
Hormonal replacement in hypopituitarism in adults: An endocrine society clinical
practice guideline. J Clin Endocrinol Metab (2016) 101(11):3888-921. doi: 10.1210/
jc.2016-2118

32. Bulun SE, Shlomo Melmed RK. Clifford Rosen, Richard Auchus, Allison
goldfine. In: Williams textbook of endocrinology, 14 ed. Philadelphia, PA: Elsevier
(2020). p. 574-642.

33. Lee JH, Kim D, Kim HJ, Lee CH, Yang JI, Kim W, et al. Hepatic steatosis
index: a simple screening tool reflecting nonalcoholic fatty liver disease. Dig Liver
Dis (2010) 42(7):503-8. doi: 10.1016/j.d1d.2009.08.002

34. Chang JW, Lee HW, Kim BK, Park JY, Kim DY, Ahn SH, et al. Hepatic
steatosis index in the detection of fatty liver in patients with chronic hepatitis b
receiving antiviral therapy. Gut Liver. (2021) 15(1):117-27. doi: 10.5009/
gnl19301

35. Barclay JL, Nelson CN, Ishikawa M, Murray LA, Kerr LM, McPhee TR, et al.
GH-dependent STATS5 signaling plays an important role in hepatic lipid
metabolism. Endocrinology (2011) 152(1):181-92. doi: 10.1210/en.2010-0537

36. Gardner CJ, Irwin AJ, Daousi C, McFarlane IA, Joseph F, Bell JD, et al.
Hepatic steatosis, GH deficiency and the effects of GH replacement: A Liverpool
magnetic resonance spectroscopy study. Eur ] Endocrinol (2012) 166(6):993-1002.
doi: 10.1530/EJE-12-0002

37. Cordoba-Chacon J, Majumdar N, List EO, Diaz-Ruiz A, Frank SJ, Manzano
A, et al. Growth hormone inhibits hepatic De novo lipogenesis in adult mice.
Diabetes (2015) 64(9):3093-103. doi: 10.2337/db15-0370

Frontiers in Endocrinology

08

10.3389/fendo.2022.1057769

38. Lonardo A, Ballestri S, Mantovani A, Nascimbeni F, Lugari S, Targher G.
Pathogenesis of hypothyroidism-induced NAFLD: Evidence for a distinct disease
entity? Dig Liver Dis (2019) 51(4):462-70. doi: 10.1016/j.d1d.2018.12.014

39. Connerney J, Lau-Corona D, Rampersaud A, Waxman DJ. Activation of
Male liver chromatin accessibility and STAT5-dependent gene transcription by
plasma growth hormone pulses. Endocrinology (2017) 158(5):1386-405.
doi: 10.1210/en.2017-00060

40. Rossini A, Lanzi R, Galeone C, Pelucchi C, Pennacchioni M, Perticone F,
et al. Bone and body composition analyses by DXA in adults with GH deficiency:
effects of long-term replacement therapy. Endocrine (2021) 74(3):666-75.
doi: 10.1007/s12020-021-02835-6

41. Jung SH, Ha KH, Kim D]J. Visceral fat mass has stronger associations with
diabetes and prediabetes than other anthropometric obesity indicators among
Korean adults. Yonsei Med ] (2016) 57(3):674-80. doi: 10.3349/
ymj.2016.57.3.674

42. Lee HW, Kim KJ, Jung KS, Chon YE, Huh JH, Park KH, et al. The
relationship between visceral obesity and hepatic steatosis measured by
controlled attenuation parameter. PLoS One (2017) 12(10):e0187066.
doi: 10.1371/journal.pone.0187066

43. Wolf Greenstein A, Majumdar N, Yang P, Subbaiah PV, Kineman RD,
Cordoba-Chacon J. Hepatocyte-specific, PPARgamma-regulated mechanisms to
promote steatosis in adult mice. | Endocrinol (2017) 232(1):107-21. doi: 10.1530/
JOE-16-0447

44. Grohmann M, Wiede F, Dodd GT, Gurzov EN, Ooi GJ, Butt T, et al. Obesity
drives STAT-1-Dependent NASH and STAT-3-Dependent HCC. Cell (2018) 175
(5):1289-306 €20. doi: 10.1016/j.cell.2018.09.053

45. Chung GE, Kim D, Kim W, Yim JY, Park MJ, Kim Y], et al. Non-alcoholic
fatty liver disease across the spectrum of hypothyroidism. J Hepatol (2012) 57
(1):150-6. doi: 10.1016/j.jhep.2012.02.027

46. Eshraghian A, Hamidian Jahromi A. Non-alcoholic fatty liver disease and
thyroid dysfunction: a systematic review. World ] Gastroenterol (2014) 20
(25):8102-9. doi: 10.3748/wjg.v20.i25.8102

47. Park SH, Ku CR, Moon JH, Kim EH, Kim SH, Lee EJ. Age- and sex-specific
differences as predictors of surgical remission among patients with acromegaly. ]
Clin Endocrinol Metab (2018) 103(3):909-16. doi: 10.1210/jc.2017-01844

48. Meinhardt UJ, Ho KK. Modulation of growth hormone action by sex
steroids. Clin Endocrinol (Oxf). (2006) 65(4):413-22. doi: 10.1111/j.1365-
2265.2006.02676.x

49. Birzniece V, Ho KKY. Sex steroids and the GH axis: Implications for the
management of hypopituitarism. Best Pract Res Clin Endocrinol Metab (2017) 31
(1):59-69. doi: 10.1016/j.beem.2017.03.003

50. Boguszewski CL. Individual sensitivity to growth hormone replacement in adults.
Rev Endocr Metab Disord (2021) 22(1):117-24. doi: 10.1007/s11154-020-09605-1

51. Franco C, Koranyi J, Brandberg ], Lonn L, Bengtsson BK, Svensson J, et al.
The reduction in visceral fat mass in response to growth hormone is more marked
in men than in oestrogen-deficient women. Growth Horm IGF Res (2009) 19
(2):112-20. doi: 10.1016/.ghir.2008.07.001

52. Perumpail BJ, Khan MA, Yoo ER, Cholankeril G, Kim D, Ahmed A. Clinical
epidemiology and disease burden of nonalcoholic fatty liver disease. World |
Gastroenterol (2017) 23(47):8263-76. doi: 10.3748/wjg.v23.i47.8263

53. Volzke H, Schwarz S, Baumeister SE, Wallaschofski H, Schwahn C, Grabe
H]J, et al. Menopausal status and hepatic steatosis in a general female population.
Gut (2007) 56(4):594-5. doi: 10.1136/gut.2006.115345

54. Venetsanaki V, Polyzos SA. Menopause and non-alcoholic fatty liver
disease: A review focusing on therapeutic perspectives. Curr Vasc Pharmacol
(2019) 17(6):546-55. doi: 10.2174/1570161116666180711121949

frontiersin.org


https://doi.org/10.1530/EJE-12-0252
https://doi.org/10.3748/wjg.v25.i14.1741
https://doi.org/10.1016/j.ghir.2014.07.002
https://doi.org/10.1055/s-0043-124970
https://doi.org/10.1111/j.1365-2265.2011.04291.x
https://doi.org/10.1111/j.1365-2265.2011.04291.x
https://doi.org/10.1155/2020/8814435
https://doi.org/10.1002/hep.20140
https://doi.org/10.1111/cen.13042
https://doi.org/10.1111/cen.13042
https://doi.org/10.1210/jc.2002-021897
https://doi.org/10.1210/jc.2016-2118
https://doi.org/10.1210/jc.2016-2118
https://doi.org/10.1016/j.dld.2009.08.002
https://doi.org/10.5009/gnl19301
https://doi.org/10.5009/gnl19301
https://doi.org/10.1210/en.2010-0537
https://doi.org/10.1530/EJE-12-0002
https://doi.org/10.2337/db15-0370
https://doi.org/10.1016/j.dld.2018.12.014
https://doi.org/10.1210/en.2017-00060
https://doi.org/10.1007/s12020-021-02835-6
https://doi.org/10.3349/ymj.2016.57.3.674
https://doi.org/10.3349/ymj.2016.57.3.674
https://doi.org/10.1371/journal.pone.0187066
https://doi.org/10.1530/JOE-16-0447
https://doi.org/10.1530/JOE-16-0447
https://doi.org/10.1016/j.cell.2018.09.053
https://doi.org/10.1016/j.jhep.2012.02.027
https://doi.org/10.3748/wjg.v20.i25.8102
https://doi.org/10.1210/jc.2017-01844
https://doi.org/10.1111/j.1365-2265.2006.02676.x
https://doi.org/10.1111/j.1365-2265.2006.02676.x
https://doi.org/10.1016/j.beem.2017.03.003
https://doi.org/10.1007/s11154-020-09605-1
https://doi.org/10.1016/j.ghir.2008.07.001
https://doi.org/10.3748/wjg.v23.i47.8263
https://doi.org/10.1136/gut.2006.115345
https://doi.org/10.2174/1570161116666180711121949
https://doi.org/10.3389/fendo.2022.1057769
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Positive association between nonalcoholic fatty liver disease and growth hormone deficiency in patients with nonfunctioning pituitary adenoma
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Assessment of pituitary function
	2.3 Definition of pituitary dysfunction
	2.4 Definition of NAFLD
	2.5 Statistical analysis

	3 Results
	3.1 Baseline characteristics of the study population
	3.2 Comparison between patients with and without GHd
	3.3 Comparison between patients with and without GHd according to sex
	3.4 Association between growth hormone status and NAFLD
	3.5 Association between sex and NAFLD
	3.6 Association between gonadal dysfunction and NAFLD

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


