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Diminished concentrations of insulin-like growth
factor I in cystic fibrosis

E M Laursen, A Juul, S Lanng, N H0iby, C Koch, J Muller, N E Skakkebtek

Abstract
Cystic fibrosis is frequently accompanied
by a catabolic condition with low body
mass index caused by a number of
disease complications. Insulin-like
growth factor-I (IGF-I) is an anabolic
hormone and an important marker of
nutritional status, liver function, and
linear growth. Available data on IGF-I in
cystic fibrosis are sparse and conflicting.
From 1990-3, 235 of our 240 patients (114
males, 121 females, median age 16-2
years, range 0-1-44-0 years) had IGF-I
measured once by radioimmunoassay.
IGF-I was significantly reduced com-
pared with a healthy Scandinavian con-
trol population: mean (-2 SD to +2 SD)
IGF-I SD score was -0-97 (-3.7 to 1.7) in
males and -0-67 (-3.2 to 1.9) in females.
Height SD score was -0-95 (-3-3 to 1-4)
in males and -0-81 (-3.2 to 1.6) in
females. In patients who were still in the
growth period a significant correlation of
IGF-I SD score to height SD score
(r=0-28, p<0001) was found. The low
IGF-I concentrations may reflect the
catabolic state ofmany patients with cys-
tic fibrosis and play a part in their abnor-
mal growth pattern.
(Arch Dis Child 1995; 72: 494-497)
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Cystic fibrosis is the most common serious
disease with autosomal recessive inheritance
and the incidence in Denmark is 1:4761.1 In
younger patients the disease is usually well
controlled with intensive, prophylactic, anti-
biotic treatment and pancreatic enzyme
substitution. However, with increasing age
and progression of the lung disease, patients
with cystic fibrosis experience increasing
catabolic problems with loss of weight and
decline in body mass index (BMI). Several
reasons for this catabolic condition are

obvious and include chronic pulmonary infec-
tion with Pseudomonas aeruginosa and other
pseudomonas species, diabetes mellitus, and
impairment of liver function.

Changes in the concentration of insulin-
like growth factor-I (IGF-I) might play a part
in patients with cystic fibrosis. IGF-I is
an anabolic hormone that stimulates the
formation of bone and cartilage, and has an

insulin-like effect.2 The production of IGF-I
takes place primarily in the liver, and the
concentration in the blood is mainly regu-
lated by growth hormone. However, other
factors also play a part in the regulation

including nutritional status, liver function,
and concentrations of sex steroids.2 3 Results
of earlier studies on IGF-I in small groups of
patients with cystic fibrosis have been con-
flicting as both normal and diminished con-
centrations have been reported.4-7 As the first
step in the elucidation of the significance of
IGF-I in cystic fibrosis, we performed a cross
sectional study to determine the serum con-
centrations of IGF-I in a large, unselected
population of patients and correlated the
results to genotype and simple measures of
growth, nutrition, pulmonary function, and
liver function.

Patients and methods
Altogether 240 (77%) of the 312 Danish
patients with cystic fibrosis attend the Danish
cystic fibrosis centre at Rigshospitalet.
Approximately 80% are homozygous for delta
F508 and 19% are compound heterozygous
(delta F508/another mutation). During the
period from 1990-3 serum IGF-I was
measured in 235 patients (114 males, 121
females, median age 16-2 years, range
0-1-44-0 years). IGF-I was measured in
random fashion as an initial step in a larger
ongoing prospective study on growth and
development in patients with cystic fibrosis.
Height, weight, forced expiratory vital
capacity in one second (FEVy), and forced
vital capacity (FVC) were recorded as the
mean of values obtained monthly during the
year when the blood sample was drawn.
Serum values of alkaline phosphatase, alanine
aminotransferase, bilirubin, and coagulation
factor II, VII, and X were obtained yearly
on a routine basis and present values were
registered within the last year. BMI was
calculated as weight (kg) divided by height
(m) squared.
IGF-I was measured by radioimmunoassay

on acid-ethanol extracted serum including a
cryoprecipitation step using monoiodinated
[125I] Tyr3l-labelled des-(1-3)IGF-I as radio-
ligand. Interassay and intra-assay variation was
8-7% and 3.90/o, respectively at bound/free ratio
of 0.4.8
To correct for sex and age differences in

height, BMI, and IGF-I, SD scores were calcu-
lated using sex and age specific means and SD
values from the following equation:
(x-mean)/SD. The control group for IGF-I,
height, and BMI consisted of 1030 normal
healthy individuals previously described.8
Lung function was transformed to per cent
predicted values (FEVy predicted and FVC
predicted) using the standard formulas of
Polgar and Promadhat.9
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IGF-I SD score and height SD score in patients with cystic fibrosis; values are mean (-2 SD to + 2 SD)

All (n=235) Males: age in years (n= 114) Females: age in years (n=121)

Males Females 10 >10--20 >20 10 >10--20 >20

IGF-I SD score -0 97* -0-67* -0Q57* -1-37* -0-69* -0-13 -0-96* -0-84**
(-37to 1-7) (-3-2to 1 9) (-2-3to 1-1) (-4-2to 1-4) (-5-8to34) (-2-2to 1-9) (-3-1 to 1-2) (-39to22)

Height SD score -0 95* -0-81* -1-04* -0 91* -0-92* -0-65** -0-84* -0 90*
(-2-1 to 1-4) (-3-2 to 1-6) (-3-6 to 1-5) (- 33 to 1-4) (-3-1 to 1-3) (-3-2 to 19) (-3-1 to 1-4) (- 33 to 1-5)

Different from zero: *p<0.001; **p<0 01.

STATISTICS
Statistical analyses were performed using a

statistical package (SPSS/PC+). Student's
t test was used to determine whether SD score
levels were significantly different from zero and
whether differences between two groups were

significant. Linear regression analysis was used
to investigate the degree of correlation between
variables. Multiple stepwise regression analysis
was used to clarify the most important factors
for the variation in IGF-I SD score.

ETHICS
The study was in accordance with the Helsinki
II declaration and approved by the local ethics
committee of Copenhagen, Denmark
(approval No 01-008/93).

Results
IGF-I concentrations in the patients with cystic
fibrosis were significantly lower than those in a
healthy Scandinavian control population
(table). In males, the IGF-I SD score was

below the mean in 81% and below -2 SD in
18% (fig 1). In 69% of the females IGF-I SD
score was below the mean and in 14% it was
below -2 SD (fig 2). In all 235 patients with
cystic fibrosis IGF-I SD score correlated nega-
tively with age (r=-0v 18, p<0 01). Height SD
score was also reduced (table). In 75% the
height SD score was below the mean and in
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17% below -2 SD. IGF-I SD score in the 147
patients who were still in the growth period
(males under 20 years and females under 18
years) showed significant correlation with the
height SD score (r=0-31, p<0 001). BMI SD
score was diminished but could only be calcu-
lated in 203 individuals from the age of 6 years
as standards for Danish children under this age
are not available. In males, mean (-2 SD to + 2
SD) BMI SD score was -0 59 (-3-2 to 2.02),
significantly different from zero (p<0 05). In
females, BMI SD score was -0-69 (-1-6 to
1*1) (p<0001). BMI SD score was lower in
females than in males (p<0 001) and IGF-I SD
score and BMI SD score were significantly
correlated (r= 0 18, p<0 012).
The lung function in the whole population

expressed by FEV1 predicted and FVC pre-
dicted was reduced. Children younger than 5-6
years could not cooperate with measurements
of FEV, and FVC and lung function was

measured in only 205 individuals. Mean (-2
SD to +2 SD) FEV1 predicted was 67%
(15-120%) in males and 64% (19-109%) in
females whereas mean FVC predicted was 91%
(42-140%) in males and 85% (47-124%) in
females. Both lung function parameters were

significantly different from 100% (p<0 001).
Correlation analysis of the relation between
IGF-I SD score and lung function revealed
values of r=0 10, p<0 04 and r=0 15, p<0 15
for FEV1 predicted and FVC predicted, respec-
tively.
We found significant lower concentrations

of IGF-I in patients with cystic fibrosis with
one or more abnormal liver function indices
compared with those patients with normal liver
function indices (p<0 04). However, omitting
the 49 patients with one or more abnormal
liver function test did not improve any of the
correlations with age, height SD score, BMI
SD score, lung function, or genotype. No
significant difference was found between
IGF-I concentrations in cystic fibrosis patients
homozygous for delta F508 compared with
those compound heterozygous for delta F508.

Finally, a multiple stepwise regression analy-
sis with IGF-I SD score as the dependent
variable and height SD score, BMI SD score,

FEV, predicted, FVC predicted, liver func-
tion, and genotype in the equation revealed
that height SD score, liver indices, and FVC
predicted correlated significantly with IGF-I
SD score but accounted for only 12% of the
variation in IGF-I SD score.

Discussion
Serum concentrations of the growth factor
IGF-I were significantly diminished in this
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Figure 1 Serum values ofIGF-I in 114 males with cystic fibrosis (triangles). Curves
represent geometric mean (2 SD) in normal controls. 8 Shaded area represents normal range
(2 SD).
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Figure 2 Serum values ofIGF-I in 121 females with cystic fibrosis. Curves represent
geometric mean (2 SD) in normal controls.8 Shaded area represents normal range (2 SD).

group of patients with cystic fibrosis.
Furthermore, as a group the cystic fibrosis
patients were significantly growth retarded
and 17% were below -2 SD for height. The
correlation between IGF-I and height was
significant but rather weak. However, this is
also the case in normal controls,8 as short
term changes may occur, for example, due to
acute infections or decreased food intake.
Previous studies in patients with cystic
fibrosis have yielded conflicting results as
three studies in 31, 19, and 15 patients,
respectively, revealed normal concentrations
of IGF-I compared with normal controls.4 6 7
Furthermore, Rosenfeld et al found no cor-
relation between IGF-I and height.7 In con-
trast, Lee et al showed a 50% decrease in
IGF-I concentrations compared with normal
controls in six cystic fibrosis patients with
severe growth retardation.5 According to the
age groups shown in the table, the most pro-
nounced deviations in IGF-I concentrations
in our study were found in individuals
between the age of 10 and 20 years where
peak values occur. Many patients with cystic
fibrosis enter puberty late causing a delayed
pubertal peak in IGF-I. According to this the
reduction in IGF-I SD score would tend to
be most pronounced during a delayed
puberty. Furthermore, many children with
cystic fibrosis develop chronic colonisation of
the lungs with P aeroginosa during the puber-
tal years. The cumulative prevalence was
reported to be 50% between 1 1 and 12 years
in our patients.10 Finally, the development of
impaired glucose tolerance often occurs in the
pubertal years. We have previously shown
that the incidence and prevalence of impaired
glucose tolerance and diabetes mellitus
increased with age, and from 15-30 years the
decrease in normal glucose tolerance was
almost linear."l The mean age of developing
diabetes mellitus in the Danish cystic
fibrosis patients was 15 years in females and

22 years in males (Lanng et al, unpublished
data).
The type of mutation in cystic fibrosis has

some influence on the expression of the
disease.'0 The delta F508 mutation comprises
88% of Danish cystic fibrosis mutations which
forms a rather uniform patient population' and
fat malabsorption was present in different
degrees in the vast majority of our cystic fibro-
sis patients.'2 Impaired nutritional status is
known to be associated with lowering of
IGF-I,2 and BMI SD score was reduced in the
patients. However, BMI SD score only corre-
lated weakly with IGF-I, indicating that mal-
absorption and insufficient energy intake were
not responsible for the reduced IGF-I concen-
trations. Also Rosenfeld et al found no correla-
tion of IGF-I with weight or nutritional status.7
Chronic and recurrent pulmonary infection
and the subsequent decrease in pulmonary
function lead to increased resting energy
expenditure and weight loss, so the decline in
BMI with age may be due to the progressive
lung disease rather than being related to low
IGF-I production. It is well known that the
conventional liver function tests as used in this
study do not express the degree of liver
dysfunction in cystic fibrosis very well.'3 14 The
liver disease in cystic fibrosis is primarily
caused by obstruction in the bile system
leading to the characteristic macronodular cir-
rhosis,'3 15 but no simple measure of the early
stages of this process is available. However, we
found lower concentration of IGF-I in cystic
fibrosis patients with abnormal liver function
tests. Accordingly, Schepper et al found in 31
cystic fibrosis patients that although IGF-I
concentrations were normal there was a signifi-
cant difference between patients with liver
impairment compared with those without.4
Sheppard et al found that IGF-I concentra-
tions were reduced to 30% in patients with
primary biliary cirrhosis, primary sclerosing
cholangitis and alcohol induced liver disease
compared with normal controls.'6 Assaad et al
also found reduced concentrations of IGF-I in
alcoholic cirrhosis and schistosomal hepatic
fibrosis.'7 However, excluding patients with
abnormal liver function tests did not improve
the correlation of IGF-I SD score to the other
factors.

In conclusion, we found reduced height and
reduced serum concentrations of IGF-I in
patients with cystic fibrosis compared with age
and sex matched healthy controls. The
changes in IGF-I may play a part in impaired
growth. The reduced IGF-I concentrations
may be directly linked to biliary epithelial
cell dysfunction. It is more likely, however,
that it is secondary to one or more factors
such as impaired glucose tolerance, impaired
liver function, delayed puberty, or chronic
infection.
We are grateful to laboratory technician Lena Norgard,
Rigshospitalet for her technical asaistance.
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