
Carbohydrate Metabolism in Primary Growth Hormone Resistance (Laron 
syndrome) Before and During Insulin-Like Growth Factor-I Treatment 

Z. Laron, Y. Avi tzur ,  and B. Kl inger  

Among 43 patients with Laron syndrome followed in our clinic, we were able to study the carbohydrate metabolism from 
infancy into adult age in 30 patients. During infancy, fasting blood glucose levels were in the hypoglycemic range (mean -+ SD, 
3.5 _ 1.2 mmol/L) and increased at the end of a delayed puberty to 4.6 -+ 0.6 mmol/L. Fasting plasma insulin was higher than 
expected for concomitant glucose levels, and several of the 20 patients who underwent an oral glucose tolerance test (OGTT) 
had glucose intolerance and relatively high insulin levels. In adult patients, insulinopenia developed and one 38-year-old patient 
developed non-insulin-dependent diabetes mellitus (NIDDM) with subsequent need for insulin therapy. Continuous insulin-like 
growth factor-I (IGF-I) treatment of a pubertal patient with glucose intolerance and hyperinsulinemia normalized both 
responses. In conclusion, long-term IGF-I deficiency leads to insulin resistance, which is reversed by exogenous IGF-I 
administration. 
Copyright © 1995 by W.B. Saunders Company 

p RIMARY G R O W T H  H O R M O N E  (GH) insensitivity 
or resistance (Laron syndrome [LS]) I is an autosomal 

recessive disease resulting from defects in the GH receptor 
(GHR). 2 These defects can be exon deletions, 34 a variety of 
nonsense, missense, and frameshift mutations, or splice 
defects. 6,7 Most of these defects occur in the extracellular 
domain of the GHR 3,5 and are detectable by measuring the 
level of GH-binding protein? which is identical in structure 
to this part of the GHR. 9 Recently, LS due to a postrecep- 
tor defect has been described] ° and a transmembrane 
mutation (exon 8) has also been observed (Silbergeld A, 
Amselem S, Laron Z, et al, unpublished results, August 
1995). The molecular aberrations of the GHR or in postre- 
ceptor areas cause a defect in GH signal transduction and 
thus an inability for insulin-like growth factor-I (IGF-I)  
synthesis, n This, in turn, by a negative feedback mecha- 
nism, induces an increased GH-releasing hormone (GHRH) 
and GH secretion, t2 Clinical features and most biochemical 
changes of primary IGF-I  deficiency are indistinguishable 
from congenital or early isolated GH deficiency. 13,t4 Most of 
the patients are from either the Mediterranean or Near 
East areas or are descendants of people originating there. 15,16 
The largest cohorts described so far are from Israel I7 and 
Ecuador, is but more and more patients with sporadic 
mutations are diagnosed now, since clinical IGF-I  replace- 
ment treatment has become available36-19 

Our group had the opportunity to study 43 LS patients 
and to evaluate most of them from infancy or childhood 
into adulthood. In addition to being able to establish the 
natural course of this hormonal deficiency, 2° we were able 
to study the dynamics of the metabolic impact by chronic 
IGF-I  deprivation. 

Among the many biochemical abnormalities resulting 
from this hormone deficiency starting in utero are those 
relating directly and indirectly to carbohydrate metabolism. 

One of the first characteristics is symptomatic or asymp- 
tomatic hypoglycemia.13,21,22 There are reports of infant and 
child mortality, I6 most probably related to undiagnosed or 
untreated hypoglycemia. The parents of one of our patients 
reported that a sister had died at age 3 in the early 1950s 
during convulsions and was diagnosed as having viral 
meningitis. 

During years of follow-up study starting in 1958, most of 

the patients underwent many tests, among which were 
repeated blood glucose and insulin determinations, oral 
glucose tolerance tests (OGTTs), and in the early years, 
insulin tolerance tests. 23 

OBESITY 

Untreated patients with LS are already obese at birth 24 
and progressively become more and more obese 25 (Figs 1 
and 2). They have delayed puberty, 26 but achieve full sexual 
development and reproduce. 27 The dynamic changes in 
carbohydrate metabolism over the years will have to be 
viewed in the perspective of the above developments. Data 
from the patients was compared with values from estab- 
lished norms in healthy individuals. 2s 

BLOOD GLUCOSE 

Repeated fasting blood glucose determinations by auto- 
analyzer in the same patients varied slightly, and the mean 
levels of LS patients at different ages were always less than 
the normal values for the respective ages (Table 1, Fig 3). In 
infancy and early childhood, the difference was significant 
(P < .05). The range of glucose concentrations was wide, 
and in all age groups patients had hypoglycemia at various 
times. This was especially true in infancy and early child- 
hood, an age group in which 25% of the samples were less 
than 2.7 mmol/L (30 mg/dL). During childhood, glucose 
levels increase, reaching the highest mean values during 
peak puberty (4.58 _+ 0.6 retool/L, 82.7 + 11 mg/dL). After 
puberty, during young adulthood, there was little change. 

An additional interesting finding was the changing respon- 
siveness to insulin hypoglycemia between infancy and early 
puberty (Fig 4). In infancy and early childhood, LS patients 
present with hypoglycemia nonresponsiveness; between 
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Fig 1. Body mass index wi th 
increasing age in patients wi th  
LS. It is of note that the patients 
have thin bones and an underde- 
veloped muscle mass, (Reprinted 
wi th permission. 2s) 

ages 6 and 8 there is some responsiveness, and during early 
puberty there is definite hypoglycemia responsiveness. This 
occurred mainly in girls, whose pubertal stage was more 
advanced as compared with boys at that age. The normaliza- 
tion by compensatory mechanisms could involve progres- 
sive obesity, sex hormones, glucocorticoids, and possibly 
glucagon (not measured). 

PLASMA INSULIN 

When comparing overnight fasting insulin levels (Table 
2) in different age groups (Fig 5) with the normal values, 28,29 
it becomes apparent that in any age group the mean fasting 
insulin levels are higher than the norms, especially consider- 
ing the lower-than-normal glucose levels. In the healthy 
population, female LS patients at puberty have higher 
insulin values than males (P < .03). There were great 
fluctations in the basal levels of the patients, but the 
tendency for hyperinsulinemia is evidenced by the maximal 
levels registered. In infancy (0 to 5 years), 38% of the 
samples of LS patients are above the upper limit for age (10 
txU/mL). Between ages 6 and 10 years, already 63% of the 
samples are above that level, and during puberty, 76%. In 
young adult patients, a reversal of this trend starts, with 
42% of the samples showing an insulin level less than 5 
ixU/mL. The trend of relative insulinopenia in adult LS 
patients was evidenced by a decrease of the insulin to 
glucose ratio in the overnight-fasted state of over 50% 
(P < .006) between the age groups of 11 to 22 and 23 to 33 
years. 

Table 1. Fasting Blood Glucose in 30 LS Patients 

Age No. of 
(yr) Samples Mean -+ SD 

Blood Glucose, 
mmol/L(mg/dL) 

Range 

0-5 51 3.5 -+ 1.2 (64.5 + 22) 
6-10 51 4.4 +- 0.8 (79.3 -+ 14) 

11-22" 94 4.6 -+ 0.6 (83.7 - 11) 
23-38 43 4.3 +- 0.6 (78.4 -+ 11) 

0.7-6.8 (13-124) 
2.5-6.0 (45-109) 
2.6-6.0 (48-110) 
3.1-6.5 (57-118) 

Fig 2. Obesity in a 13-year-old girl wi th LS. *Puberty in LS patients is delayed. 25 
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Fig 3. Overnight fasting glu- 
cose levels {mean-+ SD) in LS 
patients related to age groups. 
Normal values from Josefsberg 
et al. 2g 
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Additional information on the insulin-glucose relation- 
ship and insulin activity in patients with LS, ie, chronic 
IGF-I deficiency, has been obtained by analyzing glucose 
and insulin responses to an oral glucose tolerance test 
([OGTT] 1.6 g/kg = 45 g/m2). 27 

Forty-nine OGTTs were performed in 20 patients aged 1 
to 33 years. In addition, one older patient and 12 parents 
underwent OGTTs. The mean blood glucose and insulin 
responses in young LS patients are illustrated in Fig 6. It is 
evident that at any age the LS patient had a slightly higher 
and delayed mean blood glucose response than the normal 
mean, 29 but this difference reached significance only in 
children and adolescents. In some pubertal or young adult 
patients, definite glucose intolerance was registered. Of 
interest is the fact that despite higher basal levels of insulin 
in childhood and puberty in LS patients, their mean peak 
insulin response during OGTTs was lower than the mean 
norm. 2s In addition, the insulin response was delayed as 
compared with the healthy population, but the differences 
did not reach significance because of the great individual 
variability. In LS patients older than 23 (n = 12), the low 

insulin response to an oral glucose load was even more 
evident (peak insulin, < 100 ixU/mL). Insulin determina- 
tions during OGTTs performed in two LS children younger 
than age 5 were noninformative. The decrease of the insulin 
response to the oral glucose load in young adults (23 to 33 
years) with LS as compared with the pubertal group (11 to 
22 years) was also evident when comparing the insulin area 
under the curve (0 to 180 minutes, 86.6 -+ 47 v 184 __ 132, 
P < .004). 

Of 12 parents who underwent an OGTT, four had 
glucose intolerance, 23 one of whom was homozygous for the 
disease subsequently developed overt diabetes, necessitat- 
ing insulin treatment (Laron Z, Klinger, unpublished re- 
sults). 

EFFECT OF IGF-I TREATMENT 

Intravenous or subcutaneous bolus injections of biosyn- 
thetic IGF-I (FK 780; Fujisawa, Osaka, Japan) to LS 
patients or healthy controls induced hypoglycemia but also 
a sharp suppression of insulin secretion and of GHRH, GH, 
and thyrotropin. 3°,31 In subsequent long-term IGF-I treat- 
ment of children and adults with LS, it was found that in 
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Fig 4. Glycemic response to 
an intravenous insulin bolus in- 
jection (0.5 U/kg) in children with 
LS. (©) Females; (0) males; X, 
including affected father aged 35 
years, {Reprinted with permis- 
sion33) 
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Table 2. Fasting Plasma Insulin in 30 LS Patients 

Age 
(yr) 

No. of Plasma Insulin (ILU/mL) 

Samples Mean -~. SD Range 

0-5 
6-10 
11-22 

Total* 
Malest 
Femalest 

23-38 

21 10.1 _+ 10.0 0.6-39 
19 17.5 _+ 11.4 4.0-40.2 

62 17.5 _+ 12.0 2.0-72.1 
25 13.8 _+ 7.6 2.6-37.0 
37 19.9 _+ 13.8 2.0-72.1 
33 7.6 _+ 6.0 0.1-21.1 

*Puberty in LS patients is delayed. 2s 
tMales vfemales, P < .03. 

addition to many metabolic effects and growth stimula- 
tion, 32-34 daily IGF-I administration (120 to 200 txg/kg) also 
causes reduction of the adipose tissue mass, as evidenced by 
skinfold measurements 32-34 (Fig 7). IGF-I also causes a 
persistent decrease of serum insulin levels, 34,35 leading to 
fewer hypoglycemic episodes and even a slight increase in 
GHb values (Laron Z, Klinger B, Avitzur Y, unpublished 
results, August 1995). 

IGF-I treatment also persistently affected the glucose 
and insulin response during OGTT. In three of five adult 
LS patients, long-term IGF-I treatment decreased the 
insulin response and improved the glucose response (im- 
proved utilization?). 36 The effect of IGF-I treatment in one 
13-year-old female LS patient is shown in Fig 8. 

DISCUSSION 

Long-term follow-up evaluation of a large cohort of 
untreated patients with GH resistance (Laron syndrome), 
ie, IGF-I deficiency, as well as subsequent treatment with 
exogenous IGF-I, enabled us to learn about differential 
metabolic effects of GH and IGF-I. One of the major 
conclusions was that most of the so-called metabolic and 
growth-promoting effects ascribed to GH are IGF-I-  
mediated. Of great interest were the dynamic changes in 
carbohydrate metabolism observed with advancing age in 
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Fig 6. Mean blood glucose and insulin responses during OGTTs 
in young patients wi th LS (1~). ([]) Normal, *P < ,0005; **P < .002; 
***P < ,005. 

untreated LS patients. Whereas in early childhood these 
patients had severe hypoglycemia, probably due to a low 
glucose output from the liver in the absence of IGF-I, they 
progressively developed relative hyperinsulinemia followed 
by hypoinsulinemia, glucose intolerance, and even diabetes 
from the onset of puberty onward. These changes occurred 

I 
23-38 

Fig 5. Overnight fasting 
plasma insulin levels (mean +- 
SD) in LS patients related to age 
groups. Normal ranges from 
Laron et al. 2s 
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Fig 7. Reduction in adipose tissue mass (as measured by skinfold 
thickness) in LS patients treated with IGF-I. 

concomitantly with progressive and excessive obesity. There 
were also elevated levels of total and low-density lipopro- 
tein cholesterol 34,35 even in young adults. Comparing the 
insulin to glucose ratio, LS patients have excessive plasma 
insulin levels from childhood onward, ie, a state of begin- 
ning insulin resistance. With increasing adiposity and the 
onset of puberty, some patients developed glucose intoler- 
ance and hyperinsulinemia. In adulthood, a state of [3-cell 
exhaustion developed, which led with advancing age to 
overt diabetes. It is not yet clear how IGF-I acts to induce 
the progressive insulin resistance, but it is possible that the 
latter is secondary to the marked obesity produced by lack 
of IGF-I. The finding that IGF-I treatment of LS patients 
improves both hypoglycemia of early age and also glucose 
intolerance and hypercholesteremia in pubertal or adult 
patients is of interest. 34,3s 

In both instances, insulin secretion is decreased 3°-35 when 
somatostatin secretion is stimulated (Laron Z, Gil-Ad, 
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Fig 8. Glucose and insulin response during OGTT in a 13-year-old 
patient with LS before (0} and during IGF-I treatment (©). 

Koch Y, unpublished results, August 1995). The beneficial 
effect of IGF-I treatment in insulin-resistant diabetic pa- 
tients has recently been described. 37,38 

The evidence that long-standing IGF-I deficiency, whether 
primary as in LS or secondary as in GH deficiency, 39 leads 
to obesity, glucose intolerance, and relative hyperinsulin- 
emia makes one speculate as to whether the progressively 
decreasing secretion of GHRH-hGH and IGF-I with ad- 
vancing adult age 4° may play a role in the development of 
non-insulin-dependent diabetes mellitus. If so, maybe ad- 
ministration of small doses of IGF-I to adults in whom a 
decrease in the activity of the GH axis is diagnosed 41 would 
be beneficial in decreasing the incidence of obesity and 
non-insulin-dependent diabetes mellitus. 
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