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Abstract

Context:

Ecuadorian subjects with GH receptor deficiency (GHRD) have not developed diabetes, despite obesity.

Objective:

We sought to determine the metabolic associations for this phenomenon.

Design:

Four studies were carried out: 1) glucose, lipid, adipocytokine concentrations; 2) metabolomics evaluation;
3) metabolic responses to a high-calorie meal; and 4) oral glucose tolerance tests.

Setting:

Clinical Research Institute in Quito, Ecuador.

Subjects:
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Adults homozygous for the E180 splice mutation of the GH receptor (GHRD) were matched for age,
gender, and body mass index with unaffected control relatives (C) as follows: study 1, 27 GHRD and 35 C;
study 2, 10 GHRD and 10 C; study 3, seven GHRD and 11 C; and study 4, seven GHRD and seven C.

Results:

Although GHRD subjects had greater mean percentage body fat than controls, their fasting insulin, 2-hour
blood glucose, and triglyceride levels were lower. The indicator of insulin sensitivity, homeostasis model
of assessment 2%S, was greater (P < .0001), and the indicator of insulin resistance, homeostasis model of
assessment 2-IR, was lower (P = .0025). Metabolomic differences between GHRD and control subjects
were consistent with their differing insulin sensitivity, including postprandial decreases of branched-chain
amino acids that were more pronounced in controls. High molecular weight and total adiponectin
concentrations were greater in GHRD (P = .0004 and P = .0128, respectively), and leptin levels were
lower (P = .02). Although approximately 65% the weight of controls, GHRD subjects consumed an
identical high-calorie meal; nonetheless, their mean glucose concentrations were lower, with mean insulin
levels one-third those of controls. Results of the 2-hour oral glucose tolerance test were similar.

Main Outcome Measures:

Measures of insulin sensitivity, adipocytokines, and energy metabolites.

Conclusions:

Without GH counter-regulation, GHRD is associated with insulin efficiency and obesity. Lower leptin
levels, despite higher percentage body fat, suggest that obesity-associated leptin resistance is GH
dependent. Elevated adiponectin levels not correlated with percentage body fat indicate that GH signaling
is necessary for their typical suppression with obesity.

In 1931, Bernardo Houssay commented, “An indirect action [of the pituitary] might be carried out by the
regulation of the insulin secretion or the neutralization of its effects. We believe that in the future the study
of the influence of the pituitary on carbohydrate metabolism will reveal further information on their
interrelation” (1).

GH receptor deficiency (GHRD) resulting in attenuation of GH action and severe IGF-1 deficiency is a
rare autosomal recessive condition affecting an estimated 300 subjects worldwide. One-third of the
affected individuals originate from southern Ecuador, almost all of whom are homozygous for the E180
splice mutation in the GHR gene (2). This cohort, unmatched in size and homogeneity, offers a unique
opportunity to compare characteristics of affected individuals to those of their unaffected relatives living
under the same conditions. Despite a high frequency of obesity, no Ecuadorians with GHRD have
developed diabetes, whereas the background population has an overt type 2 diabetes (T2D) prevalence of
6% (3).

In this report, we are presenting data relevant to insulin sensitivity in the GHRD population and relative
control subjects. These observations provide information about the effects of the absence of GH action due
to GHRD, documenting marked insulin sensitivity despite a high percentage of body fat, thereby
supporting the hypothesis that GH signaling contributes to the development of insulin resistance associated
with obesity.

Subjects and Methods
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The investigation comprised four studies: 1) carbohydrate, lipid, and adipocytokine determinations in an
adult population of 27 GHRD subjects and 35 age- (± 5 years) and body mass index (BMI) (± 3 kg/m )
matched control relatives; 2) metabolome analyses (metabolomics) of five males and five females with
GHRD and age- and BMI-matched control relatives; 3) metabolic responses for 5 hours after a standard
high-calorie meal in seven GHRD and 11 age- and BMI-matched control relatives; and 4) oral glucose
tolerance tests (OGTTs) of seven GHRD and seven age- and BMI-matched control relatives.

BMI was calculated as weight in kilograms/height in meters squared. Body composition examinations
were performed with Lunar dual-energy x-ray absorptiometry apparatus, and the results were analyzed for
percentage body fat, ratio of lean to fat mass (L/F), and ratio of android to gynoid fat (A/G).

Insulin was measured by RIA; total cholesterol (TC), high-density lipoprotein-cholesterol (HDL-C), low-
density lipoprotein-cholesterol (LDL-C), very LDL (VLDL)-cholesterol, apolipoprotein (Apo) A, Apo B,
and triglycerides (TGs) were measured by standard methods (4, 5). Total and high molecular weight
(HMW) adiponectin and leptin concentrations were determined by ELISA using kits from R&D Systems
Inc and Millipore Corporation, respectively.

For the study of 27 GHRD and 35 control subjects, 1.5 g glucose/kg body weight was administered and
samples were obtained at baseline and 2 hours. The Oxford online HOMA2 calculator
(http://www.dtu.ox.ac.uk/homacalculator) was used to estimate HOMA β-cell function (HOMA2%B),
insulin sensitivity (HOMA2%S), and insulin resistance (HOMA2-IR) (6, 7).

Metabolome analysis was performed as previously described (8) at the National Institutes of Health West
Coast Metabolomics Center (UC Davis) at fasting in five males with GHRD and five sex-, age-, and BMI-
matched control relatives and at fasting and 120 minutes after ingestion of 1.5 g glucose/kg body weight in
five female GHRD subjects and five control relatives.

A meal providing 996 calories, consisting of 114 g of carbohydrate, 47 g of fat, and 40 g of protein, was
administered after an overnight fast. Specimens for glucose, insulin, TG, and other components of the lipid
profile were obtained at baseline and at 15-minute intervals for 1 hour, followed by 30-minute intervals for
another 4 hours. The OGTT involved administration of 1.75 g glucose/kg body weight, and samples for
glucose and insulin measurement were obtained at baseline, every 15 minutes for 1 hour, at 90 minutes,
and at 2 hours. Areas under the curve (AUCs) were calculated for glucose, insulin, triglycerides; for the
meal study, data were log-transformed because of the wide variability and small sample size. The 5-hour
response to the high-calorie meal involved two waves, baseline to 150 minutes, and 180 to 300 minutes,
necessitating separate AUC calculations for each of these periods.

Statistical comparisons of means were made using two-tailed t tests. Spearman's test was used to calculate
correlations. Values are expressed as means ± SD in Tables 1 and 3 and as SEM in the figures. P values of
<.05 were considered significant.

The research protocol was approved by the ethics committees of the Instituto de Endocrinologia (IEMYR),
Quito, Ecuador, and the University of Southern California.

Results

Anthropometrics, lipids, carbohydrate metabolism, and adipocytokines

Although the groups were matched for BMI, there was greater mean percentage body fat and lower mean
L/F in the GHRD subjects despite no difference in A/G (Table 1). GHRD subjects had higher fasting TC,
HDL-C, LDL-C, and Apo A and B concentrations; the mean ratio of TC to HDL-C did not differ between
the two groups. Fasting insulin, 2-hour blood glucose, VLDL-cholesterol, and TG concentrations were
lower in subjects with GHRD than in controls. HOMA2%B and HOMA2-IR were lower, and HOMA2%S
was greater in those with GHRD (Table 1).
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Total and HMW adiponectin concentrations were greater in the GHRD cohort than in controls. Mean leptin
concentration was less in those with GHRD than in control subjects (Table 1). Correlations informative
about insulin sensitivity, of percentage fat, serum insulin, leptin, total and HMW adiponectin
concentrations, and HOMA2%S and HOMA2-IR are presented in Table 2. Although total and HMW
adiponectin concentrations correlated with HOMA2%S in controls, there was no significant correlation for
GHRD subjects. Leptin concentrations correlated with HOMA2%S and HOMA2-IR in GHRD subjects
only. In neither group did insulin concentrations correlate with HMW adiponectin levels.

Metabolomic analysis

The metabolome showed acute decreases of branched-chain amino acids (BCAAs; ie, valine and leucine) 2
hours after the glucose challenge that were significantly greater in the controls than in those with GHRD,
consistent with their differing insulin sensitivity (Supplemental Figure 1 and Supplemental Table 1). Other
amino acids, lipids, organic acids, and minor metabolites were increased or decreased in subjects with
GHRD compared to controls (Supplemental Table 1).

Response to a high-calorie meal

There were no differences in sex distribution, age, BMI, or L/F between the study groups, and percentage
body fat was not quite significantly greater with GHRD in this subset (Table 3). Although glucose
responses to the high-calorie meal were similar between GHRD and control subjects (Figure 1), the sum of
the mean glucose levels at each time point was lower for GHRD subjects (Table 3). AUC analysis
indicated that this was primarily due to the divergence during the second half of the 5-hour test period (
Table 3). Insulin responses were markedly lower (Figure 2), and the sum of the insulin means and AUC
reflected this significant difference (Table 3). Further analysis showed a significant inverse correlation
between glucose and insulin levels in the GHRD group (r = −0.798; 95% confidence interval [CI], −0.950
to −0.339; P = .006), but not in the control group (r = −0.576; 95% CI, −0.885 to 0.084; P = .08). For TG,
AUC did not differ between the groups during the initial 150 minutes after ingestion but diverged from 150
to 300 minutes, with GHRD subjects having an AUC significantly lower than that for controls (Figure 2
and Table 3). The other lipid concentrations were similar to those previously noted in larger cohorts (4)
and in this study (Table 1) and did not diverge during the test (data not shown).

Results of glucose tolerance testing

There were no significant differences from controls in age, BMI, or L/F in the GHRD group, but
percentage fat was greater (Table 3). The mean glucose concentrations or AUC during the OGTT did not
differ between the groups (Table 3). Insulin concentrations were greater at all timepoints after fasting in the
control subjects (Figure 3), and the means and AUC for insulin reflected this marked difference (Table 3).
Further analysis showed a significant correlation of glucose with insulin levels both in the GHRD group (r
= 0.923; 95% CI, 0.444 to 0.992; P = .009) and in the control group (r = 0.996; 95% CI, 0.965 to 0.999; P
< .0001).

Discussion

We have found that the lifelong absence of GH action in individuals with GHRD is associated with
markedly enhanced insulin sensitivity, despite a higher percentage body fat compared to their age- and
BMI-matched unaffected relatives. In our earlier report (4) and in the current study, we have demonstrated
elevated LDL-C, TC, and Apo B, consistent with dependence of the LDL receptor on GH action (9). These
elevations might imply increased cardiovascular disease (CVD) risk; however, the elevated Apo A
concentration and the higher HDL-C levels that result in a ratio of TC to HDL-C that is no different than in
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the control group suggest that the GHRD subjects do not have increased CVD risk. Indeed, we have not
seen evidence of increased CVD in the Ecuadorian GHRD population (3). This is similar to observations
in the GHRH receptor (GHRH-R)-deficient population with lifelong isolated GH deficiency (IGHD) (10).

T2D caused 5% of the deaths and had a prevalence of 6% among the relatives of subjects with GHRD (3);
however, this disease has not been diagnosed in any individual from the Ecuadorian GHRD cohort of over
80 adult subjects. The studies we are reporting document the enhanced insulin sensitivity that explains the
paradoxical coexistence of obesity and the absence of diabetes.

GHRD subjects and controls were given the same quantity of a high-calorie breakfast, although those with
GHRD had a mean weight that was only 65% that of the controls. Nonetheless, the mean glucose
responses of the GHRD subjects were significantly diminished, their insulin levels dramatically so, and
TG responses were also lower (Table 3 and Figures 1 and 2). Our finding of low insulin levels after a high-
calorie meal and during glucose tolerance testing in subjects with GHRD and the absence of diabetes
contrasts with the observations of high insulin values, particularly in females, in Israeli subjects with GH
insensitivity (11). Also noted in the Israeli cohort was the development of overt diabetes with severe
cardiovascular complications, nephropathy, and retinopathy in two male patients of Iraqi and Yemenite
Jewish origins, considered obese by skinfold measurements. This difference between Ecuadorian and
Israeli GHRD subjects may be explained by variation in the timing of nutritional transitions that are known
to influence the appearance of diabetes. Furthermore, the difference in diabetes risk may also be explained
by a greater degree of obesity, especially in the Israeli females, ultimately exhausting the diminished β-cell
reserve (12). This explanation would be consistent with our finding of significant correlations of
percentage body fat with HOMA2%S and HOMA2-IR in the GHRD subjects only (Table 2). Thus, it is
possible that diabetes will appear in the Ecuadorian GHRD population with the contemporary acceleration
of westernization of the diet in southern Ecuador. Lower HOMA2%B in the subjects with GHRD likely
reflects reduced β-cell mass, as has been demonstrated in mice with disruption of the GH receptor (13).
Whereas controls had normal HOMA2%S, indicating normal insulin sensitivity, the GHRD subjects had
over 2.5 times the sensitivity to insulin. Similarly, mice with disrupted GH receptor have increased insulin
sensitivity and low circulating insulin and glucose concentrations, comparable to our GHRD cohort and in
contrast to the observations in the Israeli population with this condition (13).

The population with severe lifelong IGHD due to mutation of the GHRH-R gene has also been described
as having increased insulin sensitivity; however, their prevalence of diabetes was 16%, and the prevalence
of impaired glucose tolerance was 38% (14). These abnormalities were attributed to decreased β-cell
function as measured by HOMA2%B, which may not indicate diminished β-cell function or reserve, but
may reflect a lesser requirement for insulin in the absence of GH counter-regulatory effects (6). The IGHD
subjects also differ from our GHRD population in not having increased HDL-C or lower leptin
concentrations than controls and also in not having lower TG levels, which would be expected if they truly
had greater insulin sensitivity than controls (14).

Obese subjects with Prader-Willi syndrome have also been noted to have relative insulin sensitivity
compared to overweight controls, which has been attributed to the fact that their fat excess is primarily sc
(15, 16). However, subjects in the present study with GHRD had fat distribution comparable to BMI-
matched controls, indicating that this variable was not a determinant of their enhanced insulin sensitivity.

Insulin sensitivity is reflected by characteristic metabolic fingerprints (17). Because amino acid profiles
could aid in diabetes risk assessment (18), BCAAs are considered as a diagnostic test for T2D and are
acutely decreased during OGTT (19). This is consistent with the observation that female control subjects
in the present study had greater decreases in BCAAs after the glucose load than did those with GHRD
(Supplemental Figure 1). Other amino acid levels were also different between GHRD subjects and
controls; for example, proline and hydroxyproline, metabolites that may be involved in the redox state of
cells (20), showed greater decline after glucose ingestion in the control females than in those with GHRD
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(Supplemental Table 1). An early marker for T2D is 2-hydroxybutyric acid (21), an organic acid that
showed a greater decrease after the glucose load in GHRD subjects (Supplemental Table 1). These results,
accompanying the enhanced insulin sensitivity, could clarify the role of specific metabolites in insulin
action.

Elimination of the direct metabolic effects of GH can explain the dissociation of obesity and insulin
resistance in the Ecuadorian cohort with GHRD. The increased fat mass in GHRD is presumably the result
of the efficient action of insulin, unopposed by GH, that increases TG breakdown and the entry of glycerol
and free fatty acids into fat stores and blocks their exit, with a net increase in the content of free fatty acids,
glycerol, and TG in the adipocytes. The consequent paucity of glycerol in the circulation as a substrate for
gluconeogenesis during fasting likely contributes to the commonly observed fasting hypoglycemia in
children with GHRD and severe GH deficiency (11).

Elevated circulating concentrations of leptin are characteristic of obesity and are considered a contributory
factor (22). GHRD subjects with higher total body fat, however, had lower leptin concentrations compared
to the BMI-matched control population, and both groups had strong correlation of leptin levels with BMI
(data not shown) and percentage body fat, the GHRD subjects at significantly lower leptin concentrations.
Furthermore, leptin correlated with measures of insulin efficiency. The lower leptin levels of the GHRD
subjects relative to controls in the present study contrast with elevations noted in adults with GHRD in
Israel (23) and in children and adults with GH deficiency (24, 25). In those with IGHD due to GHRH-R
deficiency, leptin levels were no different than in age-matched controls (10).

We observed higher levels of total and HMW adiponectin in subjects with GHRD compared to controls.
Adiponectin, an anti-inflammatory cytokine produced by adipocytes, has been reported as correlating with
insulin sensitivity and inflammation (26). Serum levels of adiponectin are reduced in obese subjects and
subjects with T2D, CVD, hypertension, and metabolic syndrome. Our finding of elevated levels of
adiponectin and HMW adiponectin is consistent with the observations in a small cohort of nine adults with
GHRD (27) and with the observations in IGHD due to GHRH-R mutation (10). However, other GH-
deficient adults and children do not differ in their adiponectin levels from age-, sex-, and BMI-matched
controls (24, 25). Further inconsistent findings concerning the relationship of adiponectin concentrations
with GH status include: the observation that untreated GH-deficient adolescents have lower levels than
those receiving long-term recombinant GH therapy; that compared to age-, gender-, and BMI-matched
controls (28), children with Prader-Willi syndrome have higher levels than controls, that increase further
with GH therapy for 2 years (29); and that obese men with impaired fasting glucose treated for 18 months
with GH had an increase in their levels (30). The absence of significant correlation of elevated adiponectin
concentrations with measures of insulin sensitivity in the subjects with GHRD in this study and in Israeli
adults (27) suggests that adiponectin in these individuals is not a major driver of insulin sensitivity (26).

In summary, subjects with GHRD do not develop diabetes because they lack the counter-regulatory effect
of GH, thereby inducing a state of enhanced insulin sensitivity compared to control relatives without
diabetes, and despite less insulin secretion. This critical role for GH action in the induction of insulin
resistance is an important consideration in the frequent administration of pharmacological doses of
recombinant human GH (rhGH) for growth promotion in children who do not have GH deficiency. A large
postmarketing surveillance study noted a 6-fold increase in the development of T2D with rhGH therapy,
which did not resolve when rhGH treatment was stopped (31). This is not unexpected, considering the
long-recognized association of diabetes with acromegaly (1). We have also provided evidence that the
obesity of GHRD can best be attributed to unopposed insulin action, unassociated with leptin resistance,
and that the elevated adiponectin concentrations are an accompaniment rather than a cause of their
enhanced insulin sensitivity.
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Footnotes
Abbreviations:

A/G android to gynoid 
Apo apolipoprotein 
AUC area under the curve 
BCAA branched-chain amino acid 
BMI body mass index 
CI confidence interval 
CVD cardiovascular disease 
GHRD GH receptor deficiency 
GHRH-R GHRH receptor 
HDL-C high-density lipoprotein-cholesterol 
HMW high molecular weight 
HOMA homeostasis model of assessment 
HOMA2%B HOMA β-cell function 
HOMA2-IR HOMA insulin resistance 
HOMA2%S HOMA insulin sensitivity 
IGHD isolated GH deficiency 
LDL-C low-density lipoprotein-cholesterol 
L/F lean to fat mass 
OGTT oral glucose tolerance test 
rhGH recombinant human GH 
TC total cholesterol 
T2D type 2 diabetes 
TG triglyceride 
VLDL very LDL. 
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Table 1.

Anthropometric Data, Lipid Metabolism, Carbohydrate Metabolism, and Insulin Sensitivity
Measures for 35 Controls and 27 GHRD Subjects

Controls GHRD P

Anthropometrics

    Age, y 39.8 (13) 34.5 (11) .09

    SDS ht −1.7 (1.2) −7.4 (1.2) <.0001

    BMI, kg/m 29.4 (4.4) 27.6 (5.6) .16

    A/G fat 1.08 (0.18) 1.07 (0.09) .79

    % Fat 41.1 (6.6) 47.7 (8.9) .0014

    L/F 1.48 (0.47) 1.18 (0.48) .016

Lipids

    Total C, mg/dL 199 (43.9) 229 (47.3) .0124

    HDL, mg/dL 43.5 (13.7) 50.9 (12.8) .034

    HDL-C, mg/dL 4.87 (1.33 4.65 (1.10) .49

    LDL, mg/dL 123.1 (37.5) 157.6 (37.4) <.0001

    Apo A, g/L 1.24 (0.23) 1.34 (0.23) .0007

    Apo B, g/L 0.95 (0.24) 1.085 (0.23) .029

    VLDL, mg/dL 31.5 (18.7) 20.2 (7.6) .0044

    TG, mg/dL 158.3 (95.3) 100.7 (37.8) .0001

Carbohydrate metabolism, adipocytokines

    Fasting glucose, mg/dL 93.2 (22.4) 88.6 (10.6) .34

    Postprandial glucose, mg/dL 94.1 (35.4) 77.1 (13.4) .027

    Fasting insulin, μU/mL 13.8 (15.5) 4.29 (0.74) .0034

    HOMA2%B 141 (103) 90 (48) .0206

    HOMA2%S 108 (87) 261 (133) <.0001

    HOMA2-IR 1.74 (1.84) 0.59 (0.51) .0025

    Leptin, ng/mL 10.36 (5.24) 7.32 (4.7) .0212

    Adiponectin, mg/L 6.92 (4.41) 9.94 (4.84) .0128

    HMW adiponectin, mg/L 4.29 (2.89) 7.59 (4.07) .0004

Abbreviations: SDS ht, SD score for height; C, cholesterol. Data are shown as mean (SD). Conversion factors:
glucose to mmol/L, multiply by 0.0555; insulin to pmol/L, multiply by 6.945; LDL and VLDL to mmol/L, multiply
by 0.0259; TGs to mmol/ L, multiply by 0.0113.

2
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Table 2.

Correlation Coefficients Among Percentage Body Fat as Determined by Dual-Energy X-Ray
Absorptiometry; Insulin, Leptin, Total and HMW Adiponectin Concentrations; and Indices for
Insulin Sensitivity (HOMA2%S) and Resistance (HOMA2-IR)

Data are shown for 27 GHRD subjects and 35 control subjects for each parameter measured. P values are in
parentheses.

% Fat Insulin Leptin Adiponectin HOMA2%S HOMA2-
IR

Total HMW

% Fat

    
GHRD

0.401 (.038) 0.803
(<.0001)

0.181 (.36) 0.241 (.23) −0.453
(.018)

0.450
(.019)

    
Controls

−0.166 (.34) 0.600
(.0004)

−0.166
(.35)

−0.110
(.58)

−0.039
(.829)

0.120 (.49)

Insulin

    
GHRD

0.401
(.038)

0.499
(.008)

−0.247
(.21)

−0.221
(.27)

−0.825
(<.0001)

0.998
(<.0001)

    
Controls

−0.166
(.34)

−0.011
(.95)

−0.398
(.018)

−0.215
(.21)

−0.562
(.0009)

0.997
(<.0001)

Leptin

    
GHRD

0.803
(<.0001)

0.499 (.008) 0.076 (.71) 0.169 (.40) −0.572
(.002)

0.416
(.031)

    
Controls

0.600
(.0004)

−0.011 (.95) −0.305
(.075)

−0.417
(.013)

−0.124
(.507)

−0.032
(.86)

Total
adiponectin

    
GHRD

0.181 (.36) −0.247 (.21) 0.076 (.71) 0.880
(<.0001)

−0.321 (.10) −0.249
(.21)

    
Controls

−0.166
(.075)

−0.398
(.018)

−0.305
(.075)

0.877
(<.0001)

0.646
(<.0001)

−0.408
(.015)

HMW
adiponectin

    
GHRD

0.241 (.23) −0.221 (.27) 0.169 (.40) 0.880
(<.0001)

0.352 (.07) −0.218
(.27)

    
Controls

−0.110
(.58)

−0.215 (.21) −0.417
(.013)

0.877
(<.0001)

0.463 (.005) −0.226
(.19)

HOMA2%S

    
GHRD

−0.453
( 02)

− 0.825
(< 0001)

−0.572
( 002)

−0.321
( 10)

0.352 (.07) 0.998
(< 0001)
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Table 3.

Anthropometric Data and Results for Seven GHRD (One Male) and 11 Control Subjects (Two
Males) Receiving a High-Calorie Meal and Tested for 5 Hours, and for Seven GHRD and Seven
Control Subjects Undergoing 2-Hour OGTT

High-Calorie Meal OGTT

Controls GHRD P Controls GHRD P

Age, y 25.4 (3.7) 29.9 (1.9) .0093 25.1 (2.3) 30.1 (6) .0619

BMI, kg/m 26.2 (4.2) 25.4 (3.9) .6912 28.2 (3.9) 28 (4.6) .9315

L/F 1.83 (0.72) 1.32 (0.61) .1409 1.61 (0.43) 1.26 (0.62) .2432

% Fat 37.4 (8.4) 45.8 (10.1) .0736 39.5 (7.4) 50.1 (6.8) .0163

Mean glucose, mg/dL 92.7 (6.1) 83.9 (4.9) .0062 106.7 (22.1) 112.9 (29.5) .6674

AUC glucose 4.30 (0.05) 4.33 (0.05) .3364

AUC glucose 0–150 min 4.12 (0.06) 4.08 (0.09) .272

AUC glucose 180–300 min 4.16 (0.05) 4.1 (0.06) .035

Mean insulin, μU/mL 33.1 (15.5) 11.4 (4.2) <.0001 52.1 (26.7) 18.5 (9.2) .0085

AUC insulin 4.0 (0.05) 3.5 (0.26) .0006

AUC insulin 0–150 min 3.73 (0.20) 3.19 (0.37) .0009

AUC insulin 180–300 min 3.5 (0.19) 2.94 (0.38) .0007

AUC TG 0–150 min 4.41 (0.18) 4.39 (0.11) .7961

AUC TG 180–300 min 4.52 (0.19) 4.19 (0.37) .0232

Data within parentheses are SD values. Conversion factors: glucose to mmol/L, multiply by 0.0555; insulin to
pmol/L, multiply by 6.945.

Mean of the means for each time point (n = 13 for high-calorie meal, n = 7 for OGTT).
Log-transformed data.
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Figure 1.

Glucose and insulin responses to a high-calorie standard breakfast in seven subjects with GHRD and 11 control subjects
(described in Table 3). Shown are means and SEM.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4490304/table/T3/
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Figure 2.

TG responses to a high-calorie standard breakfast in seven subjects with GHRD and 11 control subjects (described in 
Table 3). Shown are means and SEM.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4490304/table/T3/
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Figure 3.

Glucose tolerance test results in seven subjects with GHRD and seven control subjects (described in Table 3). Oral
glucose was ingested at time 0 in a dose of 1.5 g/kg body weight. Shown are means and SEM.
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