
© 2013 The Korean Academy of Medical Sciences.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN 1011-8934
eISSN 1598-6357

Influence of Body Mass Index on the Growth Hormone Response 
to Provocative Testing in Short Children without Growth 
Hormone Deficiency

Obesity and its related factors are known to suppress the secretion of growth hormone 
(GH). We aimed to evaluate the influence of body mass index (BMI) on the peak GH 
response to provocative testing in short children without GH deficiency. We conducted a 
retrospective review of medical records of 88 children (2-15 yr old) whose height was less 
than 3 percentile for one’s age and sex, with normal results (peak GH level > 10 ng/mL) of 
GH provocative testing with clonidine and dopamine. Peak stimulated GH level, height, 
weight, pubertal status and serum IGF-1 level were measured. Univariate analysis showed 
that the BMI standard deviation score (SDS) correlated negatively with the natural log (ln) 
of the peak stimulated GH level (ln peak GH). BMI SDS did not correlate significantly with 
sex, age, pubertal status, or ln IGF-1 level. BMI SDS correlated negatively with ln peak GH 
level induced by clonidine but not by dopamine. In stepwise multivariate regression 
analysis, BMI SDS was the only significant predictor of ln peak GH level in the combination 
of tests and the clonidine test, but not in the dopamine test. In children without GH 
deficiency, BMI SDS correlates negatively with the peak GH level. BMI SDS should be 
included in the analysis of the results of GH provocation tests, especially tests with 
clonidine.
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INTRODUCTION

The standard method for the diagnosis of growth hormone de-
ficiency (GHD) in children is to produce insufficient responses 
to two separate GH provocation tests. However, GH provoca-
tion tests with various pharmacological agents sometimes pro-
duce false-positive results. Some patients diagnosed with GHD 
in childhood have a normal GH response in adulthood (1, 2). 
Poor reproducibility of the GH provocation test can be caused 
by various factors affecting either physiological GH secretion or 
the stimulated GH response to pharmacological agents (3).
 GH secretion increases during puberty. Spontaneous and 
stimulated peak GH levels are higher in pubertal children than 
in prepubertal children. Estrogen administration before the 
stimulating agent augments the GH response (4, 5), and GH se-
cretory status just before the GH provocation test may also af-
fect the results. The GH response to a pharmacological agent 
may be blunted after endogenous peak of GH level (6). Short-
term and long-term nutritional status also influences the re-
sults of the GH provocation test (7).
 In adults, spontaneous and stimulated peak GH levels are 
lower in obese people than in normal-weight people, and the 

degree of obesity correlates negatively with the peak GH level 
after pharmacological stimulations (8). Spontaneous GH secre-
tion is suppressed in children with a high body mass index (BMI) 
(5). Recent studies of short children, including those with GHD, 
have reported that higher BMI was related to a lower peak stim-
ulated GH level (9-11). However, it is not clear whether there is 
a similar association between BMI and peak GH level in short 
normal children without GHD. This study aimed to evaluate 
the influence of BMI on the peak GH response to GH provoca-
tive testing in short normal children without GHD.

MATERIALS AND METHODS

Subjects
Clinical data were collected retrospectively from a review of 
medical records of children who visited the pediatric endocrine 
clinic at Seoul National University Children’s Hospital for short 
stature between January 2000 and July 2011. Of the 588 children 
who underwent GH stimulation testing, 308 children were di-
agnosed as GHD and excluded from the analysis. Seventy two 
children with neuro-secretory dysfunction and 2 children with 
IGF-1 insensitivity were also excluded. Children with chronic 
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disease (n = 30), congenital syndrome (n = 31), hypothyroid-
ism (n = 2), and a central nervous system abnormality (n = 20) 
were excluded. Subjects who had been taking medicines that 
might influence spontaneous and stimulated GH secretion, 
such as corticosteroids or antipsychotic drugs, were also ex-
cluded (n = 2). Ninety five subjects underwent two GH provo-
cation tests with clonidine and dopamine. Twenty six subjects 
were tested with a different protocol such as a single test or us-
ing different kinds of pharmacologic agents. Of the 95 subjects, 
7 children were excluded because their peak GH levels were 
considered as outliers. Finally, 88 children (2-15 yr old) were in-
cluded in this study.
 To assess GH secretion, clonidine (Clonidine Hydrochloride®, 
Mylan Pharmaceuticals, Canonsburg, PA, USA, 0.125 mg/m2) 
and dopamine (Sinemet®, MSD, Whitehouse Station, NJ, USA, 
25 mg carbidopa/250 mg levodopa, body weight more than 30 
kg, 500 mg of levodopa; 15 kg to 30 kg, 250 mg of levodopa; less 
than 15 kg, 125 mg of levodopa) were administered orally after 
overnight fasting without pretreatment with sex steroids. Blood 
samples were collected 0, 30, 60, 90, and 120 min later to obtain 
the serum GH concentration for each time point. Data for hei-
ght, weight, pubertal status, and serum IGF-1 concentration 
and peak GH level after stimulation were collected from medi-
cal records. Pubertal status was assessed with the Tanner stage 
of breast development for girls and genital development for 
boys. Bone age was measured using the method described by 
Greulich and Pyle (12). BMI was calculated from height and 
weight. BMI and height standard deviation scores (SDS) were 
calculated using the 2007 Korean National Growth Charts (13).

Hormone assays
Serum GH levels were measured using a immunoradiometric 
assay with an analytical sensitivity of 0.04 µg/L, intra-assay co-
efficient of variation (CV) of 1.9%-3.9%, and interassay CV of 
2.5%-4.1% (DiaSorin Inc., Stillwater, MN, USA). Serum IGF-1 
levels were measured using an immunoradiometric assay with 
an analytical sensitivity of 1.25 µg/L, intra-assay CV of 2.6%-
4.4%, and interassay CV of 7.4%-9.1% (IDS Inc., Fountain Hills, 
AZ, USA).

Statistical analysis
Statistical analysis was performed using PASW Statistics 18 (SPSS 
Inc., Chicago, IL, USA). Natural log (ln) transformation was per-
formed for peak GH and IGF-1 levels because these variables 
were not normally distributed, as determined by the Shapiro-
Wilk W test. Univariate analysis was performed using Pearson 
correlation coefficients. Peak GH levels were compared between 
the clonidine and dopamine tests using a paired t test. Multi-
variate stepwise regression modeling was used to identify inde-
pendent predictors of the peak GH response to the stimuli. Co-
variates entered into the model included those known or sus-

pected to influence GH secretion such as age, sex, pubertal sta-
tus, ln IGF-1, and BMI SDS. Significance was defined as P < 0.05. 
The results are reported as mean ± SD unless stated otherwise.

Ethics statement
The institutional review board of Seoul National University Hos-
pital approved this study (IRB No. H-1105-087-362). Informed 
consent was waived by the board.

RESULTS

Subjects’ characteristics
The demographic and laboratory data are summarized in Table 
1. The mean age of the 88 children included in our study was 9.5 
± 3.4 yr; 51 (58%) were boys. Seventy-three children (83%) were 

prepubertal and 15 children (17%) were pubertal (Tanner stage 
2-5). Most children (n = 83) were normal weight, three were 
obese, and two were overweight. The average height SDS was 
-2.4 ± 1.0. The mean BMI SDS was -0.8 ± 1.0, suggesting a dis-
tribution approximating that of BMI for the general population. 
The mean peak GH level in the two provocation tests with cloni-
dine and dopamine (peak GH_T) was 25.7 ± 9.7 µg/L. The mean 
peak GH level in the test with clonidine (peak GH_C) was 24.3 ±  
10.0 µg/L, which was significantly higher than the mean GH peak 
in the test with dopamine (peak GH_D) (16.8 ± 9.1 µg/L, P <  
0.001) (Table 2). 

Determinants of peak GH level
Univariate analysis showed that BMI SDS correlated negatively 
with ln peak GH_T (r = -0.226, P = 0.034) and with ln peak GH_
C (r = -0.25, P = 0.022), but not with ln peak GH_D (Fig. 1). Hei-
ght SDS, age, sex, pubertal status (prepubertal vs pubertal), and 
ln IGF-1 were not significantly associated with ln peak GH_T, ln 

Table 1. Clinical characteristics of subjects

Variables All patients Prepubertal Pubertal 

Number 88 73 15
Sex (male/female) 51/37 46/27 5/10
CA (yr) 9.5 ± 3.4 8.9 ± 3.4 12.1 ± 1.6
BA (yr) 7.9 ± 3.4 7.0 ± 3.2 11.5 ± 0.9
BA-CA (yr) 1.7 ± 1.5 1.9 ± 1.4 0.6 ± 1.4
Height SDS -2.4 ± 1.0 -2.6 ± 1.1 -1.8 ± 0.7
BMI (kg/m2) 16.1 ± 1.9 15.8 ± 1.8 17.4 ± 2.0
BMI percentile (%)

≥ 95 (obesity)
85-95 (overweight)
< 85 (normal weight)

3 (3.4)
2 (2.3)

83 (94.3)

3 (4.1)
1 (1.4)

69 (94.5)

0 (0)
   1 (6.7)

   14 (93.3)
BMI SDS -0.8 ± 1.0 -0.8 ± 1.0 -0.6 ± 1.0
Peak GH (µg/liter) 25.7 ± 9.5 25.4 ± 9.2 26.7 ± 11.0
ln peak GH (µg/liter) 3.2 ± 0.4 3.2 ± 0.4 3.2 ± 0.4
IGF-1 (µg/liter) 178.3 ± 111.6 153.1 ± 72.6 301.1 ± 175.7
ln IGF-1 (µg/liter) 5.0 ± 0.6 4.9 ± 0.5 5.6 ± 0.4

Values are mean ± SD. CA, chronological age; BA, bone age; BMI, body mass index; 
BMI SDS, BMI standard deviation score.
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Table 2. Comparison of peak GH according to provocation test

Patients Clonidine Dopamine P value

All patients (n = 88)
Peak GH 
ln peak GH

24.32 ± 9.97
3.10 ± 0.44

16.77 ± 9.12
2.65 ± 0.61

< 0.001
< 0.001

Prepubertal (n = 73)
Peak GH
ln peak GH

23.93 ± 9.74
3.09 ± 0.44

16.67 ± 9.30
2.64 ± 0.63

< 0.001
< 0.001

Pubertal (n = 15)
Peak GH
ln peak GH

26.21 ± 11.18
3.18 ± 0.44

17.26 ± 8.50
2.72 ± 0.53

0.003
0.003

Values are mean ± SD. GH, growth hormone. Paired t test.

Table 3. Multivariate analysis of associations with ln peak GH 

Parameter β coefficient Standard error P value R2

Peak GH_T Constant
BMI SDS

3.101 
-0.087 

0.053 
0.040 

< 0.001
0.034 

0.051

Peak GH_C Constant
BMI SDS

3.017
-0.105

0.058
0.045

< 0.001
0.022

0.06

The covariates entered into the model as potential predictors included sex, age, BMI 
SDS, pubertal status, and ln IGF-1. BMI SDS, body mass index standard deviation 
score.

Fig. 1. Univariate correlation between BMI SDS and ln peak GH_T (A), ln peak GH_C 
(B), and ln peak GH_D (C). Abbreviations: Ln peak GH_T, natural log of peak GH level 
in two tests with clonidine and dopamine; Ln peak GH_C, natural log of peak GH level 
in the clonidine test; Ln peak GH_D, natural log of peak GH level in the dopamine test; 
BMI SDS, body mass index standard deviation score.
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peak GH_C, or ln peak GH_D. Ln IGF-1 correlated significantly 
with height SDS (r = 0.38, P < 0.001) but not with BMI SDS.
 In stepwise multivariate regression analysis including age, 
sex, pubertal status, BMI SDS, and ln IGF-1 as independent 
variables and ln peak GH as the dependent variable, BMI SDS 
was the only significant predictor of ln peak GH_T and ln peak 
GH_C (Table 3).
 After classifying the subjects into prepubertal and pubertal 
groups, the univariate associations between BMI SDS and ln 
peak GH_T, ln peak GH_C, and ln peak GH_D were no longer 
significant within either group. In stepwise multivariate regres-
sion analysis including age, sex, height SDS, BMI SDS, and ln 
IGF-1 as independent variables and ln peak GH as the depen-
dent variable, BMI SDS was not significantly associated with ln 
peak GH_T, ln peak GH_C, or ln peak GH_D in the prepubertal 
or pubertal groups.

DISCUSSION

In this study, we found an inverse relationship between BMI 
SDS and peak GH level stimulated by clonidine. Although this 
relationship was not significant in dopamine test, the highest 
concentration of GH on two provocation tests with clonidine 
and dopamine was also associated negatively with BMI SDS. 
The mean and SD of BMI SDS of these subjects were -0.7 and 
1.1, respectively, suggesting that the distribution of BMI was 
nearly normal. Thus, our study demonstrated a significant neg-
ative relationship between stimulated peak GH concentration 
and BMI in short children with normal GH response.
 Secretion of GH decreases in obese people, and both sponta-
neous and stimulated peak GH levels are lower in obese chil-

dren than in normal-weight children (14). Previous findings 
and our results suggest that there is an inverse relationship be-
tween stimulated peak GH level and BMI not only in obese 
children but also in normal-weight children. Our results are 
consistent with those of a previous study of adult men in which 
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higher BMI, even when increased only minimally, was associ-
ated with a lower peak GH level after administration of arginine 
and/or Growth hormone releasing hormone (GHRH) (15).
 GH has a lipolytic effect on adipose tissue, and GH-deficient 
patients generally have abundant fat tissue. The low GH level in 
obese people or in those with a high BMI may result from a short-
ened half-life of GH or decreased GH production and secretion 
(16). The possible causes of decreased GH production and se-
cretion are dysregulation of the GHRH, somatostatin, and ghre-
lin pathways (17, 18), hyperinsulinemia (19), or increased free 
fatty acid (FFA) level. In obese patients, inhibition of FFA pro-
duction by administration of the antilipolytic drug acipimox 
ameliorated the effect of obesity on GH secretion (19, 20). FFA 
blocks GH secretion through direct pituitary inhibition or thr-
ough inhibition of GHRH release and stimulation of somatosta-
tin (21, 22) release from the hypothalamus.
 Our results are consistent with previous studies of short chil-
dren that showed a negative association between BMI and sti-
mulated peak GH level (9-11). However, these studies did not 
exclude the children with GHD. Analysis including GHD pati-
ents could be influenced by high BMI caused by impaired met-
abolic effect of GH in GHD patients. By contrast, we excluded 
subjects with obvious GHD to allow us to evaluate the effect of 
BMI per se on GH secretion tests. In our study, the reciprocal 
relationship between BMI SDS and ln peak GH was not signifi-
cant in prepubertal children or in pubertal children. This find-
ing is inconsistent with the results of the studies by Stanley et al. 
(9) and Loche et al. (10). The former showed a negative rela-
tionship in prepubertal children but not in pubertal children, 
and the latter showed a negative relationship in both groups. 
This difference may be explained by the small number of sub-
jects and relatively weak association between BMI and peak 
GH level compared with previous studies because we excluded 
subjects with GHD.
 The GH-stimulating potency varies and depends on the indi-
vidual pharmacological agent used in the test. In a study of short 
normal children, peak GH level was higher after administration 
of clonidine than after insulin or arginine (23). However, anoth-
er study found no significant difference in peak GH levels with 
various provocative agents except for GHRH (24). In our study, 
peak GH_C was significantly higher than peak GH_D. In previ-
ous studies, Loche et al. (10) used only clonidine, and Stanley et 
al. (9) and Lee et al. (11) did not analyze the effect of BMI on 
peak GH level with each pharmacological agent. We analyzed 
peak GH level for GH provocation tests with clonidine and do-
pamine, and for each stimulation test. Interestingly, when we 
analyzed the clonidine and dopamine test results separately, 
the negative relationship between ln peak GH and BMI SDS 
was significant for clonidine but not for dopamine. Clonidine is 
the most widely used agent in diagnostic tests of GHD in chil-
dren (22). Clonidine, an α2 adrenergic agonist, increases GH se-

cretion by stimulating GHRH neurons and inhibiting somatosta-
tin neurons (25, 26). Dopamine stimulates both somatostatin 
neurons and GHRH neurons, although the overall effect of do-
pamine is to stimulate GH secretion (26). Dopamine receptor 
type 2 (D2R) exists on both GHRH and somatostatin neurons, 
and seems to affect these two hypothalamic hormones. GH se-
cretion may also be stimulated directly via D2R on somatotro-
pes (27). The different results of the clonidine and dopamine 
tests in our study may be explained by the different mechanisms 
of GH secretion stimulated by these two drugs. Further studies 
are needed to identify the precise mechanism underlying the 
stimulation of GH secretion by these agents. The relationship 
between BMI and peak GH stimulated by other GH-provoking 
agents should also be investigated.
 There are some limitations to our study. First, we could not 
prove causality because our study was a retrospective cross-sec-
tional study by review of medical records. Second, the number 
of subjects in our study was relatively small. Third, we used GH 
provocation tests with only two pharmacological agents, cloni-
dine and dopamine. We cannot explain the mechanism under-
lying the different results for the clonidine and dopamine tests. 
It is unknown whether there is an inverse relationship between 
peak GH level and BMI in normal children after stimulation by 
pharmacological agents other than clonidine. In previous stud-
ies (9-11) and in our study, most of the peak GH level could be 
attributed to the peak GH release induced by clonidine stimu-
lation. Further studies with larger cohorts and further analysis 
of individual responses to various pharmacological agents are 
required.
 Despite these limitations we conclude that BMI affects the 
stimulated GH level in children whose peak GH level is above 
10 ng/mL, as well as in children with GHD. The effect of BMI on 
peak GH level depends on the stimulating agents. These results 
suggest that the result of GH provocation test could be different 
according to the kind of pharmacologic agents and subject’s 
BMI. Thus we should take BMI into consideration when inter-
preting the results of GH provocation tests, especially tests with 
clonidine.
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