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Générale, Hôpital Necker-
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Background: A major consequence of malnutrition in cystic fibrosis (CF) patients is the loss of lean body
mass (LBM) and the subsequent impairment of respiratory muscle function.
Aim: To determine whether insulin-like growth factor I (IGF-I) could be related to the LBM depletion and the
evolution of respiratory disease in CF patients.
Methods: LBM was evaluated by dual energy x ray absorptiometry; serum concentrations of IGF-I were
measured in 24 CF patients twice with a one year interval. Both values were expressed as SD score (SDS)
calculated from normal data for age, sex, and pubertal stage and analysed with respect to anthropometric
evaluation and disease related conditions.
Results: At the initial evaluation, IGF-I SDS had a mean value of 20.98 (range 23.6 to 3.2) and
correlated with weight for age index, LBM SDS, and lung disease related conditions. Multiple regression
analysis showed that only LBM remained independently related to IGF-I, suggesting that the relation of
IGF-I to LBM was independent of weight and that the correlation between IGF-I and the respiratory
conditions was related to the level of LBM. IGF-I SDS at the first evaluation was lower for the patients who
lost >5% of weight for age index or >1 SD of LBM between the two evaluations.
Conclusion: Low levels of IGF-I could be crucial for clinical outcome by impairing LBM and respiratory
function. IGF-I could be a tool for nutritional evaluation by identifying the CF patients at risk of LBM
depletion.

M
alnutrition is an important prognostic factor in cystic
fibrosis (CF) patients as it is associated with worsen-
ing of pulmonary status and poor survival.1 Failure to

maintain normal body weight has been attributed to an
energy intake that is inadequate to meet the increased energy
expenditure due to the chronic bronchopulmonary infection.2

A major effect of malnutrition in patients with an already
reduced fat body mass (FBM) is the loss of lean body mass
(LBM).3 The associated wasting of respiratory muscles is an
adverse prognostic factor because it adds to lung function
degradation and increases morbidity.4 As an unapparent loss
of skeletal muscle may occur in up to 25% of patients with a
normal body weight,5 monitoring of LBM is important in
evaluation of CF patients.

Insulin-like growth factor I (IGF-I) is an important
circulating anabolic hormone promoting protein metabolism
and inhibiting protein degradation.6 It also plays a critical
role in myoblast proliferation and differentiation.7 Several
studies have shown a diminished concentration of IGF-I in
patients with CF, and a relation between low body mass
index (BMI) and declining IGF-I levels in CF patients.8–13

However, the clinical relevance of these low IGF-I levels still
needs to be evaluated. We hypothesised that IGF-I may be
causally related to the LBM depletion and disease severity in
CF patients. To test this, we examined the relation between
IGF-I concentrations and nutritional status, LBM, and
disease related conditions in 24 CF patients.

METHODS
Patients
Twenty four patients attending the CF clinic for their annual
assessment were recruited for this study. Mean age was 12.1
years (range 3.6–19.2). All the patients had exocrine
pancreatic insufficiency and were taking replacement

pancreatic enzyme therapy. Patients were required to be
medically stable at the time of the study—that is, no
important ongoing bronchial exacerbation and no hospital
admission during the eight weeks preceding the study.
Patients were excluded from participation if they had used
oral or intravenous corticosteroids within six months of the
study or if they had hepatopathy, glucose intolerance, or
other endocrine disorders. Treatment with inhaled steroids
was recorded.

The study was carried out in accordance with the Helsinki
II declaration. As this was not an intervention study, there
was no obligation to seek the approval of the local ethics
committee.

Evaluation
The patients were seen by the same investigator at baseline
(M0 evaluation) and one year later (M12 evaluation)
between January 2000 and January 2002. Tanner stages
(1–5) were used to determine pubertal stage. Pubertal stage
classification was as followed at the first evaluation: ten P1,
four P2, three P3, seven P5. Nutritional status was first
assessed by anthropometric evaluation. Weight and height
were recorded for each subject and measured under the same
conditions. An electronic scale (Seca, Hamburg; precision
100 g) was used for children weighing .15 kg. Height was
measured using a Harpenden Stadiometer. Weight and
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Abbreviations: BMI, body mass index; CF, cystic fibrosis; DEXA, dual
energy x ray absorptiometry; FBM, fat body mass; FEV1, forced
expiratory volume in one second; FVC, forced vital capacity; IGF-I,
insulin-like growth factor; IWA, ideal weight for age; IWH, ideal weight
for height; LBM, lean body mass; RBP, retinol binding protein; SaO2,
blood oxygen saturation; SDS, standard deviation score
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height were expressed as percent of ideal weight for age
(%IWA) and of ideal weight for height (%IWH) in the
statistical analysis instead of absolute values. Nutritional
status was assessed according to the standards defined by the
CF consensus report.14 Values were considered within normal
range if %IWH was 90–100%, underweight if %IWH was 85–
89%, mild undernutrition if %IWH was 80–84%, moderate
undernutrition if %IWH was 75–79%, and severe malnutri-
tion if %IWH was ,75%. Malnutrition was thus defined as a
%IWH ,85%.14 Nutritional intake was estimated by the
median of a three day diary energy intake and expressed as a
percentage of the recommended dietary allowance for age.15

Body composition was evaluated by dual energy x ray
absorptiometry (DEXA) (Hologic QDR1000W/892 mef 1990,
Hologic, Boston, MA) as described by Svendsen and
colleagues.16 The LBM and FBM were expressed as standard
deviation score (SDS) of reference values established with
this apparatus for 50 control prepubertal children, 50 control
adult men, and 50 control adult women. Mean (SD) LBM
and FBM reference values were, respectively, for prepubertal
children 79% (3%) and 18% (3%), for adult men 79% (3%)
and 18% (3%), and for adult women 73% (3%) and 23% (3%)
less than median ideal weight (personal data, Dr JC Ruiz).
The precision for LBM and FBM measurement was 200 g.

CF lung disease was assessed for a given patient by
recording the number of antibiotic courses in the year
preceding the study, and, at the M0 and M12 evaluation,
by measuring the forced expiratory volume in one second
(FEV1), the forced vital capacity (FVC), and the blood oxygen
saturation (SaO2). FEV1 and FVC were expressed as
percentages of normal predicted values for age and sex.
Hypoxia was defined when SaO2 was ,95%. The
Shwachman score was calculated to assess overall disease
severity at both evaluations.17 The maximum Shwachman
score was 100.

At the M0 and M12 evaluation, blood samples were taken
for the evaluation of liver function, prealbumin, and retinol
binding protein (RBP). Prealbumin and RBP reference
ranges (22SD to +2SD) were respectively 0.21–0.42 g/l and
0.03–0.06 g/l.

Assay
Serum IGF-I was measured by immunoradiometric assay as
previously described.18 The intra-assay coefficient of variation
was 1.8%, 3.7%, and 4.1% at 52 ng/ml, 307 ng/ml, and
676 ng/ml respectively, and the inter-assay coefficient of
variation was 5.8%, 4.5%, and 5% at 56 ng/ml, 299 ng/ml, and
700 ng/ml respectively. Results are expressed as the IGF-I SD
score (IGF-I SDS) calculated from normal data for age, sex,
and pubertal stage. Reference range was calculated using the
local reference population. Data for prepubertal children
(n = 168) were previously published,18 whereas those for
pubertal children are unpublished (n = 100).

Statistical design
Statistical analysis was performed using the BMDP software
package (University of California, Los Angeles).19 Data are
presented as mean (SEM). Paired and unpaired data were
respectively compared by the non-parametric Wilcoxon and
Mann Whitney test. Correlation coefficients were calculated
by simple regression analysis. Multiple stepwise regression
analysis was used to clarify the most important determinants
of the variance of LBM and IGF-I. The null hypothesis was
rejected at p , 0.05.

RESULTS
Patient characteristics
Table 1 shows characteristics of the 24 patients included (10
boys, 14 girls) at entry and 12 months later. As there was no

sex difference for these baseline parameters, all the following
data will be presented with the sexes combined.

Eleven children presented with malnutrition. LBM SDS
ranged from 25.3 to +2.3. Sixteen patients had an LBM SDS
lower than 22. Among the 13 patients with a %IWH >85%,
seven had an LBM SDS (22. Ten patients had an FBM SDS
(22 (range 23 to +2.6). Use of inhaled steroids was not
associated with malnutrition or abnormal body composition.

Fourteen patients had chronic Pseudomonas aeruginosa infec-
tion. Disease severity varied greatly as indicated by the range
of FEV1 (21–106) and FVC (23–120), the number of antibiotic
courses for bronchial exacerbations in the year preceding the
study (0–5), and the Shwachman score (40–100).

LBM in relation to disease severity factors
LBM SDS was correlated with weight expressed as %IWA or
IWH, but not with height (table 2). LBM SDS was also
positively correlated with respiratory function and
Shwachman score. It was inversely correlated with number
of antibiotic courses in the year preceding the study. FBM
SDS was also correlated with nutritional characteristics and
disease related conditions (table 2). However, the relation
between LBM and the disease severity was independent of
FBM as shown by the following results. Using multiple
regression analysis with FEV1 as the dependent variable and
LBM SDS and FBM SDS as independent variables, only LBM
SDS remained significantly associated (table 3). Similar
results were found when FVC, Shwachman score, or the
number of antibiotics were tested as the dependent variable
(table 3).

IGF-I in relation to nutrit ional status and body
composition
At entry, the mean value of IGF-I SDS was 20.98 (range
23.6 to 3.2). Seventeen patients (70%) had a serum level
lower than 0 SD and eight (33%) lower than 22SD. The IGF-I
SDS was correlated with weight expressed as %IWA and
%IWH but not with height (table 4). Sensitivity for
malnutrition of IGF-I SDS ,0 was 0.91 and specificity 0.33.
In contrast, a concentration of prealbumin and RBP ,22 SD
had a sensitivity for malnutrition of 0.75 and 0.55,
respectively.

IGF-I was highly correlated with LBM (fig 1). IGF-I SDS
levels were significantly lower in patients with an LBM SDS
,22 (table 5). All the patients with an LBM SDS ,22 had
an IGF-I SDS ,22 (fig 1). In four cases, the IGF-I SDS was
,22 despite a %IWH >85%. However, in these four
observations, LBM SDS was lower than 22. IGF-I was also
correlated with FBM. Using multiple regression analysis with
LBM SDS, FBM SDS, and %IWA as independent variables
and IGF-I SDS as the dependent variable, only LBM SDS
remained significantly associated with IGF-I SDS showing
that neither weight or FBM are independently related to
IGF-I after adjustment on LBM (table 3). This suggests that
the relation of IGF-I to LBM is independent of weight and
FBM.

IGF-I in relation to disease severity factors
The IGF-I SDS was correlated with FEV1, FVC, Shwachman
score, and number of antibiotic courses in the year preceding
the study (table 4). All six patients with chronic hypoxia
(SaO2 ,95%) also had an IGF-I SDS ,22, but the
association between hypoxia and IGF-I SDS did not reach
significance. Using multiple regression analysis with FEV1 as
the dependent variable and LBM SDS, FBM SDS, and IGF-I
SDS in the equation, FEV1 was no longer correlated with
IGF-I SDS and the only significant association was with LBM
SDS (F = 9.69, p , 0.01). The same results were found for
FVC and Shwachman score.
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In order to test whether the relation between IGF-I and the
disease related conditions was mediated by LBM, we com-
pared the multiple correlation coefficients between IGF-I SDS
and LBM SDS obtained in the two following nested multiple
regression models: IGF-I SDS as the dependent variable and,
in the equation, LBM SDS in the first model, and LBM SDS,
FEV1, FVC, Shwachman score, and number of antibiotic
courses in the second model. The non-significant result
(F = 0.18, NS) showed that the relation between IGF-I and
the disease severity parameters did not exist any more after
adjustment on LBM (table 3). This suggests that the relation
between IGF-I and the disease severity parameters is related
to the level of LBM.

Evolution of clinical and anthropometric parameters,
and IGF-I at one year interval
At the end of the one year study, four patients had lost more
than 5% of %IWA and six more than 0.5 SD of their LBM. The
change in LBM accounted for 37% of the variation in weight.
The mean change in IGF-I was not significant (table 1). All
the patients with an IGF1 SDS ,0 and 6/8 of those with an
IGF1 SDS ,22 at the baseline evaluation remained in the
same range at the end of the one year study. The correla-
tions found at the baseline evaluation in univariate and

multivariate analyses did not vary significantly at the M12
evaluation.

The change in weight between the baseline and the end of
the study was correlated with IGF-I SDS at baseline
(r = 0.48, p = 0.03) (fig 2) but not with IGF-I change
between the two evaluations (data not shown). The levels of
IGF-I SDS at baseline were significantly lower for patients
who lost >5% IWA between the two evaluations (23.07
(0.28) versus 21.18 (0.38); p = 0.02). All patients who lost
more than 1 SD of LBM also had a lower IGF-I SDS at the
first evaluation, but this did not reach significance (21.88
(0.41) versus 20.97 (0.76), p = 0.28).

DISCUSSION
This prospective study shows that IGF-I is closely related to
nutritional status in CF patients. Our data show a strong
correlation between IGF-I, LBM, and disease severity. Since
the levels of IGF-I were significantly decreased in patients
with normal weight but low LBM, these results also suggest
that low serum IGF-I could detect the patients with an
isolated LBM depletion.

Similarly to previous observations, our results show a close
correlation between IGF-I level and nutritional status in CF
patients.8–13 This relation is mediated by the chronic
pulmonary infection as suggested by the negative correlation
of IGF-I with the number of antibiotic courses. This is in
agreement with clinical reports showing normalisation of
IGF-I after a short term course of intensive antibiotic therapy
in CF patients13 and experimental data showing that IGF-I
hepatic release is reduced during infection.20 In contrast to
other studies, our results do not show a relation with the
energy intake21 or chronic hypoxia,22 probably because of the
small number of patients.

IGF-I appears to be a more reliable and sensitive indicator
for malnutrition than prealbumin and RBP. Other studies
have also reported low levels of IGF-I that contrast with
normal concentrations of prealbumin and RBP in malnour-
ished CF patients.23 24 This superiority of IGF-I is supported by
its prompt and marked increase during the early phase of
nutritional repletion compared to the minimal changes of
prealbumin and RBP.25 The reasons for this early increase are
its closer nutrient dependency,26 its shorter half life, and its
nycthemeral stability.6

IGF-I is correlated with LBM in our study. Most interest-
ingly, this relation seems to be independent of weight and
FBM, as shown by the independent relation between IGF-I

Table 1 Baseline characteristics of the 24 patients at inclusion (M0) and 12 months later
(M12)

M0 M12 p value

Age 12.1 (0.69) 13.02 (0.71) NA
%IWA 81.9 (3.2) 81.3 (3.3) 0.3
%IWH 89.4 (2.43) 90.2 (2.78) 0.45
LBM SDS 22.81 (0.48) 22.85 (0.5) 0.97
FBM SDS 21.16 (0.33) 21.49 (0.49) 0.42
Shwachman score 67.9 (4.1) 65.4 (3.96) 0.8
FVC* 69 (5.1) 71.1 (5.3) 0.72
FEV1* 60.5 (5.4) 58.1 (6) 0.35
Number of antibiotic courses in the year
preceding the study

2.6 (0.24) 3.2 (0.39) 0.38

SaO2 95.8 (2.3) 95.2 (3.1) 0.8
Prealbumin 0.208 (0.019) 0.208 (0.015) 0.72
RBP 0.046 (0.013) 0.029 (0.002) 0.48
IGF-I SDS 21.19 (0.4) 21.16 (0.4) 0.87
Energy intake** 112 (5.52) 115 (0.33) 0.7

Results are expressed as mean (SEM) and compared using the Wilcoxon test.
%IWA, percentage of ideal body weight for age; %IWH, percentage of ideal body weight for height; LBM, lean
body mass; FBM, fat body mass; RBP, retinol binding protein; NA, not attributable.
*% of predicted value for age and sex.
**% of the recommended dietary allowance.

Table 2 Correlation between LBM SDS and FBM SDS
and respiratory or nutritional parameters observed at the
initial evaluation

Variable
LBM SDS FBM SDS
r (p value) r (p value)

%IWA 0.79 (,0.001) 0.51 (,0.01)
%IWH 0.92 (,0.001) 0.71 (,0.001)
Height SDS 0.21 (0.33) 20.05 (0.802)
FBM SD score 0.4 (0.05) NA
Shwachman score 0.62 (0.002) 0.41 (0.06)
FVC 0.65 (,0.001) 0.26 (0.236)
FEV1 0.64 (0.001) 0.39 (0.07)
Number of antibiotic courses
in the year preceding the study

20.53 (0.01) 20.29 (0.19)

Prealbumin 0.52 (0.03) 20.35 (0.161)
RBP 0.38 (0.101) 0.51 (0.564)
IGF-I SDS 0.63 (0.001) 0.53 (0.01)
Energy intake 0.38(0.06) 0.29 (0.17)

Results are presented as correlation coefficient and p value.
Abbreviations as for table 1.
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and LBM in a multiple regression analysis with weight, FBM,
and LBM tested as independent variables. This suggests that
IGF-I could be a marker of selective LBM depletion. This
detection is all the more important since low LBM can occur
in CF patients with normal weight and is therefore often
underestimated. Indeed, 54% of the patients with a %IWH
>85% had a LBM (22 SD in our study; Abdullah et al also
found hidden loss of skeletal muscle mass in one third of
patients with a normal BMI.27

LBM depletion is a frequent characteristic of the nutri-
tional status of CF patients.3 4 27 28 One explanation is that
nitrogen deposition is altered because of the consistent
catabolic response associated with pulmonary infection.3 29

Moreover, in patients with an already reduced fat mass, the
insufficient energy intake to counteract the increased energy
needs leads to a negative energy balance with consumption of
alternative substrates such as skeletal muscle.30 This particu-
larly concerns respiratory muscles with reduction of inspira-
tory muscle mass and impairment of their function, as
assessed by the correlation between reduction of muscle area
and decreased sustained inspiratory muscle contraction
already shown in clinical studies.4 31 32 LBM depletion could
therefore add to the severity of the lung disease, generating a

vicious circle of poor bronchial drainage, increased work of
breathing, greater number of exacerbations of pulmonary
infection, and progressive pulmonary injury.3 This hypothesis
is strongly supported by the correlation between the degree of
pulmonary function impairment and LBM depletion reported
in our results as in numerous studies.3 4 27 32

IGF-I could play an important role in the maintenance of
LBM via its anabolic properties, namely the stimulation of
protein synthesis and accrual in skeletal muscle, and the
delay of protein breakdown.7 33 This is supported by the
increase in muscle mass in humans in response to admin-
istration of IGF-I34 and a study in patients undergoing
continuous ambulatory peritoneal dialysis showing that the
changes of LBM were correlated with those of IGF-I.35 IGF-I
could also have a direct role at the cellular level because it is
produced locally in skeletal muscle where it exerts a critical
role in myoblast proliferation and terminal differentiation
into postmitotic myotubes.36 Both general and local action

Table 3 Regression coefficients and SE for the multiple regression analyses

Model b SE (b) F p value

FEV1 6 LBM SDS 4.69 1.51 9.66 ,0.01
FEV1 6 FBM SDS 2.32 2.89 0.64 NS

CVF 6 LBM SDS, 4.86 1.37 12.59 ,0.01
CVF 6 FBM SDS 20.23 2.63 0.01 NS

Shwachman score 6 LBM SDS 3.40 1.19 8.16 0.01
Shwachman score 6 FBM SDS 2.28 2.28 1 NS

No. of antibiotic courses 6 LBM SDS 3.25 1.39 5.47 ,0.05
No. of antibiotic courses 6 FBM SDS 0.74 2.75 0.07 NS

IGF-I SDS 6 LBM SDS 0.375 0.1 13.9 ,0.01

IGF-I SDS 6 LBM SDS 0.36 0.15 5.26 ,0.05
IGF-I SDS 6 FBM SDS 0.30 0.23 1.64 NS
IGF-I SDS 6%IWA 0 0 1 NS

IGF-I SDS 6 LBM SDS 0.35 0.14 6.42 ,0.025
IGF-I SDS 6 FEV1 0 0.03 0 NS
IGF-I SDS 6 FVC 20.01 0.03 0.24 NS
IGF-I SDS 6Shwachman score 20.04 0.04 0.86 NS
IGF-I SDS 6 no. antibiotic courses 0.08 0.03 4 NS

Abbreviations as for table 1.

Table 4 Correlation between IGF-I SDS and
characteristics of the patients observed at the initial
evaluation

Variable r (p value)

%IWA 0.52 (0.01)
%IWH 0.67 (,0.001)
Height SDS 0.03 (0.89)
LBM SDS 0.63 (0.001)
FBM SDS 0.53 (0.01)
Shwachman score 0.52 (0.01)
FVC 0.44 (0.039)
FEV1 0.46 (0.03)
Number of antibiotic courses in the year
preceding the study

20.62 (0.003)

Prealbumin 0.51 (0.036)
RBP 0.49 (0.03)
Energy intake 0.19 (0.22)

Results are presented as correlation coefficient and p value.
Abbreviations as for table 1.
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Figure 1 Relation between LBM SDS and IGF-I SDS observed at the
initial evaluation.
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also involve the main respiratory muscle, the diaphragm, as
suggested by animal studies showing that treatment with
IGF-I prevents diaphragm fibre atrophy induced by moderate
malnutrition and preserves its force generating capacity.37

IGF-I may thus be causally related to the evolution of CF
pulmonary disease by hindering the loss of LBM and
therefore maintaining respiratory function. Our finding that
the correlation between IGF-I and pulmonary function is
related to the level of LBM strongly supports this hypothesis.

The reduced IGF-I concentration in CF may therefore not
only reflect but also contribute to the overall nutritional
status. This is supported by the correlation between the IGF-I
SDS at the beginning of the study and the variation in weight
over the year of the study. We did not find a correlation
between the changes in weight or LBM and those of IGF-I
during the study. This however does not preclude the use of
IGF-I as an indicator for nutritional outcome. First, low levels
of IGF-I may result from the action of various factors such as
infection or dietary intake that may change rapidly over the
time. Second, the variations in IGF-I serum concentration
occur relatively promptly, within about four days, as assessed
by the very sensitive modifications of IGF-I level during short
term changes in weight during normal growth38 or nutritional
support.25 This suggests that relative changes in IGF-I are
probably more useful than absolute values as indicators of
short term changes in nutritional status and LBM acquisi-
tion.39 Serial estimations of IGF-I in clinical practice may
provide information on the nutritional risk and the disease
activity. Detecting lowering of IGF-I could identify patients at
risk of LBM depletion who need to be targeted for more
intensive medical support. Conversely, detection of a rise in
IGF-I is meaningful because it correlates with positive
nitrogen balance and LBM acquisition. IGF-I could therefore

be a useful tool for routine nutritional evaluation of CF
patients.

In conclusion, this study provides evidence of a link
between IGF-I, LBM maintenance, and lung disease in CF
patients. IGF-I could play a crucial role in the evolution of CF
via the following mechanism: starvation and catabolic
response due to the vicious circle of pulmonary infection
and decreased IGF-I serum levels. This leads to the loss of
LBM that feeds back negatively on inspiratory muscle mass
and function, adding to the problems of pulmonary impair-
ment. We conclude that IGF-I is a predisposing factor for
maintaining LBM in CF patients. Whether treatment with
IGF-I could offer clinical efficacy and prevent LBM depletion
by protecting against the catabolic effects of poor nutrition
and infection, deserves further studies.
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Pseudoporphyria secondary to non-steroidal anti-inflammatory drugs

A
3 year old girl with juvenile idiopathic arthritis (JIA) presented with recurrent blisters
over the cheeks and nose which were initially treated as impetigo with flucloxacillin.
Despite this, new blisters continued to appear which evolved into punched out lesions

and healed with scars. She had been treated with naproxen 125 mg/day for six months. This is
pseudoporphyria, an uncommon but well recognised side effect of non-steroidal anti-
inflammatory drugs (NSAIDs), with cutaneous features in photosensitive areas indistinguish-
able from porphyria, but without the metabolic porphyrin abnormalities.1 The incidence of
pseudoporphyria may be as high as 10% in children taking NSAIDs for JIA.1 2 Naproxen is the
most common culprit, but the condition has been reported with other NSAIDs.3–7 Stopping the
naproxen ceased the new blister formation and the ulcers healed, but faint scars remain. It is
important for paediatricians to be aware of this disfiguring side effect of frequently prescribed
drugs, as discontinuing the drug produces resolution.8

P Bryant, P Lachman
Northwick Park Hospital;

penelope.bryant@doctors.org.uk
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