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Abstract

Objective—Body weight blunts the growth hormone (GH) response to provocative stimuli. The
appropriate GH cut-off to confirm GH deficiency in obese and overweight patients undergoing the
glucagon stimulation test (GST) has recently been questioned. We hypothesized that the peak GH
would be inversely related to the nadir blood glucose (BG) after glucagon and that this may be a
mechanism influencing peak GH in overweight patients. This retrospective study examined effects
of gender, body weight, and BG dynamics on GH response to GST in patients evaluated in our
Pituitary Center.

Design—Adult patients who underwent GST from September 2009-2014 were included.
Continuous variable comparisons were analyzed using the Mann-Whitney U-test and categorical
data by Fisher’s Exact Test. Spearman correlation was used to determine associations between
continuous variables.

Results—42 patients (N=28, 66.7% female) had sufficient data for analysis. Obese patients
(N=26) had a reduced GH response, summarized as GH area under the curve (AUC) (p=0.03 vs.
non-obese patients) and higher BG during GST, summarized as AUC (p<0.01 vs. non-obese
patients). Obese women (N=19), in particular, stimulated lower (p=0.03 vs. non-obese women)
and had a higher nadir BG (p=0.03 vs. non-obese women). While weight correlated with extent
(rs=0.35; p=0.02) and timing (r¢=0.31; p=0.05) of nadir BG reached, there was no significant
correlation between BG dynamics and the GH response in the total population (N=42). Ten
patients (7 with pan anterior hypopituitarism, defined as 3 anterior pituitary deficiencies) had a
peak GH < 0.1 ng/mL during GST. When these subjects with a negligible peak GH response were
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excluded from the analysis, weight was associated with GH AUC (rs= —0.45; p=0.01), peak GH
response (rs= —0.42; p=0.02) and nadir BG (rg= 0.48; p<0.01). Furthermore, the nadir BG
achieved during GST was inversely related to GH AUC (r;= —0.38; p=0.03) and peak GH (rs=
-0.37; p=0.04) such that patients (N=32) with higher nadir BG had lower peak GH in response to
glucagon.

Conclusions—Obese patients, particularly women, do not respond as robustly to glucagon
stimulation. These data suggest that there exists an altered BG profile during GST in obese
individuals, and that a less robust hypoglycemic stimulus may contribute to an impaired GH
response. We suggest measuring BG levels during glucagon stimulation testing to assist with
clinical interpretation of GH dynamics. The diagnostic accuracy of the GST in patients with
known disorders in glucose metabolism and those taking anti-diabetic medications deserves
further study.
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INTRODUCTION

Growth hormone (GH) deficiency in adults is associated with unfavorable changes in lipid
and carbohydrate metabolism as well as body composition, decreased bone mineral density,
endothelial dysfunction, and impaired psychological well-being [7, 15, 20, 29, 32, 33]. GH
replacement aimed at normalizing IGF-1 levels to age and gender appropriate levels
improves many of these indices. Although patients with GH deficiency frequently have low
insulin-like growth factor 1 (IGF-1) levels, a normal age appropriate IGF-1 level does not
exclude the diagnosis [19, 26]. The pulsatile release of GH necessitates provocative testing
to diagnose GH deficiency in the majority of patients, particularly in the absence of other
pituitary hormone deficiencies [11, 19, 26, 37].

The current Endocrine Society guidelines recommend testing for GH deficiency in patients
with a history of pituitary disease, surgery or radiation involving the sella, head trauma, or
other pituitary hormone deficiencies [26]. Although the insulin tolerance test (ITT) has been
considered the gold standard to diagnose GH deficiency, it is cumbersome and
contraindicated in patients with known history or risk of seizure disorders, cardiovascular
disease, or intolerance to hypoglycemia [11, 26, 37]. The combined GH releasing hormone
and arginine test therefore became the preferred alternative to the ITT for the diagnosis of
GH deficiency until the GH releasing hormone analogue, Geref ®, was withdrawn from the
United States market in 2008. The glucagon stimulation test (GST) has since become the
recommended test for the diagnosis of adult GH deficiency when Geref ® is unavailable and
the ITT is undesirable [26]. The GST is affordable, well-tolerated, and is contraindicated
only in malnourished patients, those who have not eaten for greater than 48 hours and
patients with a known insulinoma or pheochromocytoma [26, 37].

Body weight, gender, age and oral estrogen use have been shown to influence the extent of
GH stimulation following other provocative agents [6, 10, 24, 28, 35]. Dichtel et al. recently
proposed a cut-off peak GH of 1 ng/mL in men with BMI =25 mg/k? in order to maximize
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the specificity and sensitivity of the GST. The investigators found that body mass index
(BMI) negatively correlated with peak GH response to GST in overweight but otherwise
healthy men [12]. Moreover, peak GH response negatively correlated with the results from
oral glucose tolerance testing, summarized as area under the curve (AUC). This study,
however, did not include females or individuals with a BMI <25 kg/mZ.

The validity of the GST in patients with impaired glucose tolerance and diabetes mellitus is
presently unknown. Hypoglycemia triggers the release of GH releasing hormone and thus is
a potent stimulus for GH secretion [3, 30]. Thus, we hypothesized that the fall of blood
glucose (BG) or the BG nadir during testing predicts the peak GH response to glucagon. The
goals of this retrospective study were to investigate the effects of body weight and gender on
GH response to glucagon stimulation among male and female patients with a known history
of pituitary disease from a single institution. We secondarily examined the relationship
between BG and GH dynamics during GST in the same retrospective cohort.

METHODS

Patients

We studied all adult patients over 18 years of age who underwent GST at the Vanderbilt
Pituitary Center from September 2009 to September 2014. Patients with a high pre-test
probability of GH deficiency based upon history and clinical findings consistent with
possible pituitary disease were selected for GST by their treating endocrinologist (Table 1).
All patients were receiving appropriate replacement therapies for hypothyroidism, adrenal
insufficiency, or hypogonadism at the time of testing. This retrospective study met the
criteria for exemption from Vanderbilt Institutional Review Board review and therefore
informed consent was not obtained. The hospital’s electronic medical records system was
utilized to collect patient demographic and GST data. The electronic RedCap database was
used to organize and export de-identified patient data for statistical analyses [18].

GST Protocol

Assay

GST took place in the Vanderbilt Pituitary Center’s endocrine outpatient clinic and began
between 7:30 and 9:30am following an overnight fast. Patients were administered
intramuscular (IM) fixed doses of glucagon based on weight; 1.0mg was administered to
patients 90kg or less and 1.5mg was administered to patients weighing greater than 90kg.
GH and BG levels were collected intravenously at times 0, 30, 60, 90, 120, 150, 180, 210,
and 240 minutes following glucagon administration. Patients were monitored for side
effects. Ondansetron was administered for nausea if needed. All patients received a snack
prior to leaving the clinic. Patients with diabetes continued home anti-diabetic medications
prior to testing.

GH samples were analyzed using a chemiluminescent immunometric assay performed on
the Immulite 2000 platform (Siemens Healthcare Diagnostics, Tarrytown NY) and reported
in units of ng/mL. Samples in 2009-2011 were calibrated to IS 80/505 (N=25). GH samples
collected in mid 2011 or later were calibrated to IS 98/574 (N=17). The IGF-1 assay used
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from 2009-2012 was a chemiluminescent immunometric assay performed on the Immulite
2000 platform, calibrated to the International Reference Reagent 87/518, with analytical
measurement range of 25-1600mg/mL (N=36). Starting in 2013, IGF-1 samples were
analyzed using an immunoassay performed on the IDS-iSY'S platform, calibrated to IS
02/254 with analytical measurement range of 10-1200ng/mL (N=6). Glucose measurements
were performed using the Beckman Coulter DxC analyzer (Beckman Coulter Inc, Brea CA).

Statistical Methods

RESULTS

Continuous data were compared between groups using the Mann-Whitney U-test.
Categorical data was compared using Fisher’s Exact test. Spearman correlation was used to
determine an association between continuous variables. Results are presented as mean +
standard deviation (SD) unless otherwise noted. A p value <0.05 was used as a threshold to
indicate significance. All data analyses were performed using IBM SPSS Statistics (v. 23)
and figures were prepared using Graphpad Prism (version 5.04) for Windows (GraphPad
Software, San Diego CA).

Baseline Characteristics

Forty-three adult patients underwent glucagon stimulation testing at Vanderbilt Medical
Center between September 2009 and 2014 (Table 1). One patient was excluded due to
missing BG data; thus 42 patients total were included in the analyses (N=28; 67% female).
(Table 1) Males and females did not differ by age (females 40.5 + 11.1 years vs. 38.4 +
17.4; p=0.63), weight (females 92.1 + 21.3 kg vs. 103.8 + 35.3; p=0.33), BMI (females 34.9
+7.9 kg/m? vs. 33.0  9.4; p=0.52), or number of anterior pituitary hormone deficiencies
(females 1.0 £+ 1.2 hormone deficiencies vs. 1.1 + 1.0; p=0.70). Our study included relatively
fewer patients with pan anterior hypopituitarism, defined as 3 anterior pituitary deficiencies,
N=8) compared to prior studies [12], as patients with 3 anterior pituitary hormone
deficiencies with a below normal IGF-1 level have a high likelihood of GH deficiency and
do not necessitate GH stimulation testing [26]. Thirty patients (72%) had an IGF-1 below
the lower limits of their age-adjusted normal range.

Twenty-six patients (62%) were obese, defined as BMI >30 kg/m?, and twelve patients
(29%) were overweight, defined as BMI >25 kg/m?; thus approximately 90% of patients had
a BMI greater than 25 kg/m2. Obese patients did not have a greater number of anterior
pituitary hormone deficiencies than non-obese patients (obese 1.2 + 1.2 hormone
deficiencies vs. 0.81 £0.91; p=0.38). All three patients (2 females) with type 2 diabetes
mellitus were obese. Six additional patients had a baseline fasting blood glucose =100
mg/dL; all of these patients were overweight. Among the patients with diabetes, two were
taking metformin alone, and one patient was taking this in addition to pioglitazone,
glimepiride, and liraglutide.

GH Response to GST

The mean peak GH response following glucagon stimulation was 2.8 £+ 4.3 ng/mL. Thirty-
one patients (74%) met criteria for GHD using the cut-off of peak GH <3 ng/mL as per the
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most recent Endocrine Society Guidelines [8, 26]. Twenty-nine patients (76%) with a BMI
>25 kg/m? had a peak GH response <3 ng/mL whereas only 17 (45%) had a peak GH
response <1 ng/mL. The number of anterior pituitary hormone deficiencies inversely
correlated with peak GH (rs=-0.38; p=0.01). Age did not correlate with peak GH (rg=0.11;
p=0.51).

The mean time to peak GH following glucagon administration was 109 + 72 minutes and
median time was 120 minutes. Fifty percent (N=21) of patients peaked between 120 and 180
minutes. Four patients reached their peak GH at 210 minutes, with a peak GH response of
0.3, 1.3, 2.0, and 2.1 ng/mL, respectively. No subjects had peak GH at the 240 minute time
point. The peak GH directly correlated with the time of peak GH (rs=0.53; p<0.001), thus
patients who had a higher peak GH response peaked later in the test. The number of patients
with a peak GH response at each time point is shown in Fig. 1.

The GST was well-tolerated. Eleven patients (26.2%) experienced nausea, and this was
treated with ondansetron. This was more common among female subjects (10 females and 1
male). There were no serious complications, no instances of symptomatic hypoglycemia,
and no other adverse effects from the GST.

Effect of Gender and Weight on GH Response to GST

The GH profile during GST appeared flatter in obese individuals as compared to non-obese
individuals, such that GH AUC was lower in obese individuals (obese GH AUC 137.48 +
193.68 ng/mL x minute vs. non-obese 384.50 + 462.42; p=0.03). (Fig. 2A) Ten patients did
not respond to GST, as demonstrated by a peak GH response < 0.1 ng/mL. Among the eight
patients with pan anterior hypopituitarism, seven were included in this group who did not
respond to GST. One female patient with pan anterior hypopituitarism was prescribed an
oral estrogen and did respond to GST (peak GH 5.00ng/mL). When the ten patients who did
not respond to GST (GH < 0.1 ng/mL) were excluded from the analysis, an inverse
relationship between weight and GH AUC (rs= —0.45; p=0.01) as well as weight and peak
GH response (rg= —0.42; p=0.02) was observed. (Fig. 2B)

The peak GH response in women was not significantly higher than in men (women 3.10 £
3.78 ng/mL vs. 2.17+ 5.23; p=0.18). The peak GH response compared to obesity status and
gender is shown in Fig. 3A. Obese men (N=7) did not stimulate significantly lower than men
with BMI <30 kg/m? (peak GH obese men 0.70 % 0.63 ng/mL vs. 3.65 + 7.33; p=0.54).
Obese women (N=19), however, stimulated lower than women with BMI <30 kg/m? (peak
GH obese women 2.02 +£2.80 ng/mL vs. 5.39 +4.68; p=0.03). This finding remained
significant when excluding the seven women taking oral estrogens (peak GH obese women
1.40 £ 2.19 vs. 4.02 = 2.92; p=0.03). (Fig. 3B) Obese women did not have a higher number
of anterior hormone deficiencies compared to non-obese women (average number of
additional anterior pituitary hormone deficiencies other than GH in obese women 1.2 + 1.2
vs 0.8 + 1.1; p=0.44). Overall, women prescribed oral estrogen (N=7) trended towards
having a higher peak GH response than women not prescribed an oral estrogen (5.97 £ 5.31
ng/mL vs. 2.15 + 2.64; p=0.06).
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Blood Glucose Dynamics during GST

The BG profile during GST as summarized by AUC was greater in obese patients as
compared to non-obese patients (obese 26,563.27 + 6,213.66 mg/dL x minute vs. non-obese
20,749.69 + 2,986.36; p<0.01). (Fig. 4A) Weight (r=0.39; p=0.01), BMI (r¢=0.35; p=0.02)
and age (rs=0.37; p=0.02) correlated with BG AUC. Weight also correlated with the extent
(rs=0.35; p=0.02) and timing (rs=0.31; p=0.05) of the nadir BG reached, such that
individuals who weighed more had a higher nadir BG which occurred later in the test.
(Table 2) When analyzed by gender, women exhibited significant correlations between
weight and BG AUC (rs=0.41; p=0.03), BMI and BG AUC (rs=0.44; p=0.02), and baseline
fasting BG and GH AUC (rs= —0.37; p=0.05). Obese women (N=19) also had a higher nadir
BG than non-obese women (N=9) (obese 63.9mg/dL + 13.1 vs. 52.7 = 9.9; p=0.03). This
was not observed when comparing obese men (N=7) to non-obese men (N=7) (obese
77.6mg/dL £ 21.1 vs. 64.7 £ 9.1; p=0.20). Nadir BG was lower in women than in men, both
when limiting the analysis to obese patients (p=0.04) and non-obese patients (women 52.7 +
9.9 vs. men 64.7mg/dL + 9.1; p=0.03). When the ten patients who did not respond to GST
were excluded from the analysis, nadir BG was associated with weight (rs= 0.48; p<0.01)
and inversely correlated with GH AUC (rs= -0.38; p=0.03) and peak GH (rg= —0.37;
p=0.04). (Fig. 4B, Table 2)

DISCUSSION

This study examines the effects of weight, gender, and blood glucose (BG) dynamics on the
growth hormone (GH) response to glucagon stimulation among both male and female
patients having a high clinical suspicion for GH deficiency. In our cohort, obese women
with a history of pituitary disease have a lower peak GH response to glucagon stimulation
than non-obese women with similar anterior pituitary hormone dysfunction. Increased
weight is associated with a less potent hypoglycemic response to glucagon with a nadir BG
that occurs later in the test; this delayed and attenuated nadir may provide a less robust
stimulus for GH secretion. Measuring BG levels during glucagon stimulation testing may be
valuable in the clinical interpretation of GH dynamics during GST, particularly in obese
patients. The use of oral estrogens should be considered in the interpretation of test results
particularly in females who have multiple other anterior pituitary hormone deficiencies and
demonstrate a peak GH response beyond the threshold for diagnosis of GH deficiency.
Finally, test duration of 210 minutes may be adequate to diagnose GH deficiency, as none of
the subjects in our study had a peak GH level beyond this time point.

Our study’s strengths include that: 1) data was collected from a single center 2) we studied
both men and women with a high probability of GH deficiency based upon a below normal
IGF-1 (71% patients studied), peak GH response less than 3 (74% patients studied) and risk
factors for pituitary disease, and 3) BG measurements were analyzed in addition to pertinent
demographic data. The primary weakness of this study was it’s small sample size.
Additional weaknesses include the lack of a control population inherent to the retrospective
nature of the study, and the absence of a gold standard test to confirm or refute the diagnosis
of GH deficiency. Some recommend use of the insulin tolerance test as a gold standard,
however, others argue that no “gold standard test” for the diagnosis of GHD exists and that
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results from each must be interpreted within the clinical context [1]. Finally, the
standardization for the GH assay on the Immulite 2000 platform changed during the course
of this study. Results obtained using the previous vs. the re-standardized kits demonstrate a
similar relationship for GH concentrations up to 20 ng/mL even after administration of GH
secretagogues [4].

Our findings are consistent with those from prior studies showing that weight and GH
response are inversely correlated in both patients suspect for pituitary disease and healthy
controls. In a retrospective multi-center series, Yuen et al. found a significant negative
correlation between peak GH and body mass index (BMI) in patients undergoing both the
weight-based regimen (0.03 mg/kg glucagon) and fixed-dose regimen (1 or 1.5 mg
glucagon) of glucagon stimulation for the evaluation of GH deficiency [38]. Toogood et al.
also report a negative correlation between BMI and peak GH during the insulin tolerance
test, arginine stimulation test, and the glucagon stimulation test among patients registered in
the KIMS database (Pfizer International Metabolic Database). This inverse relationship
during the glucagon stimulation test appeared to be strongest between a BMI of 30 and 40
kg/m?2 and then plateaued for BMI >40 kg/m? [34]. Alternatively, a negative correlation
between BMI and peak GH following glucagon stimulation has been noted by Gomez et al.
in healthy subjects but not patients with known pituitary disease [17]. Potential mechanisms
for reduced GH secretion in the setting of obesity include increased clearance of GH, a
decreased response to GH releasing hormone, alterations of IGF-1 feedback potentially
secondary to changes in IGF-1 binding proteins and receptor interactions, increased GH
sensitivity in the liver, or excessive somatostatin tone, among other possibilities [9, 11, 14,
21, 36].

In our patient population, there was no significant difference in peak GH between men and
women. Female patients included in the KIMS database demonstrated a greater GH peak
response to glucagon as compared to men [34, 38]. We did find that women prescribed oral
estrogens tended to have a higher peak GH response, but this trend was not significant. One
woman with a BMI of 39 kg/m? and 3 other anterior pituitary hormone deficiencies had a
peak GH of 5 ng/mL; she was taking an oral estrogen at the time of testing. Oral estrogen
increases hepatic GH binding protein (GHBP) and reduces hepatic IGF-1 secretion [24]. The
lower IGF-1 results in loss of negative feedback inhibition on GH secretion. We did not find
a lower IGF-1, however, in females prescribed oral estrogen.

There has been conflicting data in the literature as to whether there is a correlation between
the peak GH response and the fasting baseline, peak, nadir, or rate of change in the BG
following glucagon stimulation. Inclusive of our entire study population (including patients
with pan anterior hypopituitarism), we did not find a correlation between BG nadir and peak
GH, change in BG or GH, or AUC values for BG and GH. Dichtel et al. found a negative
correlation between the BG profile following oral glucose tolerance testing summarized as
AUC and peak GH response to glucagon stimulation in a control population of healthy
overweight men, even after adjusting for BMI [12]. These findings suggest that glucose
intolerance, not simply obesity, may alter the response to glucagon stimulation. In support of
this, we did observe a reduced GH response, summarized as GH AUC, and a greater BG
AUC in obese patients. When analyzed by gender, obese women in particular had a lower
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peak GH and higher nadir BG than non-obese women. Diri et. al. excluded patients with 3 or
more pituitary hormone deficiencies from their analysis which examined the effect of BMI
on peak GH response to GST, with the reasoning that the effect of BMI on peak GH
response is minimal in these patients given that the GH during GST was stable and
extremely low [13]. With similar rationale, we re-examined our patient population excluding
those patients with a peak GH response < 0.1 ng/mL and found that increased weight
correlated with higher BG nadir and a lower peak GH. The insulin tolerance test (ITT)
method for diagnosis of growth hormone deficiency requires that the patient experience
hypoglycemia to < 40 mg/dL to consider the test adequate [22, 31]. Although it has been
previously reported that with GST there is not a significant association with blood glucose
response [16], this has not been studied in detail in patients with higher than average blood
glucose nadir, and it is possible that these patients may not respond appropriately to GST.
Our data suggest that an inadequate hypoglycemic stimulus contributes to an impaired GH
response to GST, particularly in obese patients. Future work may investigate the validity of
the GST among subjects with diabetes and glucose intolerance and also determine if a
certain nadir BG must be reached during GST to obtain peak GH response to glucagon.

We chose to study time points through 240 minutes, as the four-hour protocol is standard
within the medical literature and common in clinical practice. Similar studies have found the
peak GH response to glucagon to occur between 120 and 180 minutes in patients with
pituitary disease [2, 5, 27, 38]. Based upon on a detailed review of each of our patient’s
glucagon stimulation test results, we propose that the test may be minimized to include GH
levels at time points 0, 90, 120, 150, 180, and 210 with fewer or no BG measurements, as
BG is not necessary to interpret test results [23, 27]. This is in contrast to a recent study by
Diri et al. however, which recommends a GST duration of 240 minutes (with peak at this
time in 8.3% of their population), however, they do not indicate if the inclusion of this time
point clinically changed the diagnosis of GHD [13]. Given that one of our patients did
experience hypoglycemia down to 37 mg/dL, we recommend having snacks available for the
end of the test and glucometers nearby for monitoring if necessary. Hypoglycemia to less
than 40 mg/dL during the glucagon stimulation test is rare, and occurred in only two of our
patients at 60 minutes and 150 minutes [37]. Both patients were women, ages 19 and 35
years, with BMI under 30 kg/m2, and without diabetes or history of elevated blood glucose.

There are several clinical points, when considering our findings in conjunction with the
presently available literature. First, Dichtel et al. demonstrated that a lower peak GH cut-off
of 1 ng/mL for the diagnosis of GH deficiency should be considered in obese men [12]. Diri
et al. also recommended consideration of using a lower peak GH cut off of 1.07 ng/mL
(rather than 3 ng/mL) in all patients for higher diagnostic accuracy of GHD [13]. The
methodology of our study did not lend itself to a receiver operating characteristic curve
(ROC) analysis and thus we were unable to validate the proposed cut-off of 1 ng/mL in our
cohort. We found that obese patients, and in particular obese women, do not respond as
robustly to GST as non-obese patients. Our data demonstrates that peak GH response
following GST inversely associates with both body weight and BG nadir, such that with
increased BG nadir and body weight, peak GH is lower. Second, the use of oral estrogens
should be taken into consideration when interpreting results in females with other anterior
pituitary hormone deficiencies, as our one patient with pan anterior hypopituitarism to
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stimulate >3 ng/mL was also taking an oral estrogen. This is pertinent given that oral
estrogens remain the most common form of sex steroid replacement in hypogonadal women
[25]. Third, the GST may be shortened to 210 minutes without affecting the diagnostic
accuracy or safety of the test.

CONCLUSION

Obese patients do not respond as robustly to glucagon stimulation as non-obese patients. As
weight and BMI have been found to alter the GH response to several provocative stimuli for
GH release, it is prudent to use this information when clinically interpreting GH results from
GH testing in overweight and obese patients. Our data suggests that a less robust
hypoglycemic stimulus, seen in the context of increased weight, may contribute to an
impaired GH response to glucagon stimulation. GST duration may be shortened to 210
minutes, as this did not misclassify any individual as GH deficient in our cohort. It would
also not increase the risk of “missed” hypoglycemia, as leaner patients who experience a
lower nadir BG do so earlier in the test.
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Highlights
Obese patients demonstrate a decreased GH response to glucagon stimulation.
Obese patients demonstrate increased BG values during GST.

Increased weight and higher BG nadir correlate with lower peak GH response.
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94 Patients with peak GH
<3ng/mL

71 Patients with peak GH
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Fig. 1.
Number of patients who demonstrated peak growth hormone response at each time point

after glucagon stimulation (N=32). 10 subjects were not included in this graph, as they did
not stimulate and had a peak GH response < 0.1 ng/mL.
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* -®- Non-obese (n=16)

—o Obese (BMI >30kg/m?;
n=26)

Peak GH (ng/m

Fig. 2.

60 90 120 150 180 210 240
Time (minutes)

p=0.02 (rs = -0.42)

Weight (kg)

Fig. 2A. Growth hormone (GH) profile in obese and non-obese patients after glucagon
stimulation; data represented as mean = SEM. Dashed line at GH 3ng/dL indicates standard
cut off for diagnosis of growth hormone deficiency [26]; * indicates p<0.05 vs. obese
subjects at same time point using the Mann-Whitney U test.

Fig. 2B. Peak growth hormone (GH) vs weight, among patients with GH response to
glucagon (N=32). 10 subjects were not included in this graph, as they did not stimulate and
had a peak GH response < 0.1 ng/mL. Best fit line is shown.
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Fig. 3.
Fig. 3A. Growth hormone (GH) peak by gender and obesity status; data represented as mean

and individual data points. Dashed line at GH 3ng/dL indicates standard cut off for diagnosis
of growth hormone deficiency [26], *p=0.03 vs. obese women using the Mann-Whitney U
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test. Corresponding mean + SD nadir BG: obese men 77.6mg/dL + 21.1, obese women
63.9mg/dL + 13.1, non-obese men 64.7mg/dL + 9.1, non-obese women 52.7mg/dL + 9.9.
Fig. 3B. Growth hormone (GH) peak by obesity status and oral estrogen use (E2) in women
(N=28). *p=0.03 vs obese women not on oral estrogen using the Mann-Whitney U test.
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Fig. 4A
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Fig. 4.
Fig. 4A. Blood glucose (BG) profile in obese and non-obese patients after glucagon

stimulation; data represented as mean = SEM, *p<0.01 vs. hon-obese subjects at same time
point using the Mann-Whitney U test.

Fig. 4B. Peak growth hormone (GH) vs nadir blood glucose (BG), among patients with GH
response to glucagon (N=32). 10 subjects were not included in this graph, as they did not
stimulate and had a peak GH response < 0.1 ng/mL. Best fit line is shown.
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Table 1

Subject Characteristics

Parameter n=42
Age (years) 39.4 (18-74)
Gender

Female 28 (66.7%)

Male 14 (33.3%)
Weight (kg) 96.4 +26.8
Body Mass Index (kg/m?) 34.3+8.4
Prescribed Oral Estrogen 7 (25% of women)

* Anterior Pituitary Hormone Deficiencies

None 16 (38.1%)
One 16 (38.1%)
Two 2 (4.8%)
Three 8 (19%)
Diagnosis of Diabetes Insipidus 4 (9.5%)
Type 2 Diabetes Mellitus (T2DM) 3(7.1%)
Baseline IGF-1 (ng/mL) 96.0 £59.8
Below Normal IGF-1 30 (71.4%)
Etiology of Pituitary Disease
Pituitary Adenoma 15 (35.7%)
Craniopharyngioma 1 (2.4%)
Rathke’s Cleft Cyst 1(2.4%)
Traumatic Brain Injury 1(2.4%)
Sheehan’s Syndrome/Apoplexy 2 (4.8%)
Hypophysitis 5 (11.9%)
Empty Sella 3(7.1%)
Congenital 9 (21.4%)
Prior history of GH therapy 3(7.1%)
Langerhans Cell Histiocytosis 1(2.4%)

Low IGF-1 and history of fractures 1 (2.4%)

Results are presented as mean + standard deviation, unless otherwise noted.

*
Other than GH deficiency
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Table 2

Association Between Patient Characteristics and Growth Hormone (GH) Levels (Top, Right) and Blood
Glucose (BG) Profile (Bottom) (N=42 patients)

Parameter Weight (kg) BMI (kg/m?) * Peak GH (ng/mL) * GH AUC (ng/mL)

*Peak GH response (ng/mL)  P=0.02 (rs=-0.42)  p=0.15 (rs=-0.26)

p=0.01 (rs=-0.45) p=0.06 (rs=-0.33) p=0.32 (rs=-0.18)  p=0.27 (rs=—0.20)

*GH AUC (ng/mL x min)

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Baseline BG (mg/dL)
Peak BG (mg/dL)
Nadir BG (mg/dL)

Time of peak BG (min)

Time of nadir BG (min)
Peak-Nadir BG (mg/dL)
BG AUC (mg/dL x min)

p=0.12 (r5=0.25)
p=0.14 (r5=0.23)
p=0.02 (rs=0.35)

p=0.01 (r5 =0.38)
p=0.05 (r5=0.31)
p=0.40 (r5=0.13)
p=0.01 (rs=0.39)

p=0.06 (r5=0.30)
p=0.15 (r5=0.23)
p=0.11 (r5=0.26)
p=0.03 (r5=0.34)
p=0.15 (r5=0.23)
p=0.26 (r5=0.18)
p=0.02 (r5=0.35)

p=0.56 (rs=-0.10)
p=0.04 (rs=—0.37)
p=0.52 (rs=-0.11)
p=0.18 (rs= -0.24)
p=0.88 (r=0.02)

p=0.42 (rs=-0.14)

p=0.25 (rg= —0.21)
p=0.03 (rs = —0.38)
p=0.63 (rs= —0.09)
p=0.13 (rs= —0.27)
p=0.59 (rs=-0.10)
p=0.16 (rs= —0.25)

10 subjects excluded from these analyses as they had a peak GH response < 0.1ng/mL

AUC=Area Under the Curve; p values obtained using Spearman’s Correlation Coefficients with p<0.05 indicating significance.
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