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Summary

Introduction—Cystic fibrosis (CF) is characterized by low circulating levels of insulin-like 

growth factor-1 (IGF-1), a hormone produced by the liver that governs anabolism and influences 

immune cell function. Because treatment of CF pulmonary exacerbation (CFPE) often improves 

body weight and lung function, we questioned whether serum IGF-1 trends were emblematic of 

these responses. Initially, we compared serum levels between healthy adults with CF and controls 

of similar age. We then measured serum IGF-1 throughout the CFPE cycle. We also investigated 

correlations among IGF-1 and other serum biomarkers during CFPE.

Methods—Anthopometric, spirometric, and demographic data were collected. Serum IGF-1 

concentrations were measured by ELISA.

Results—CF subjects in their usual state of health had lower serum IGF-1 levels than controls. 

Serum IGF-1 concentrations fell significantly from baseline at the beginning of CFPE. Treatment 

with intravenous antibiotics was associated with significant improvement in serum IGF-1 levels, 

body mass index (BMI), and percent-predicted forced expiratory volume in 1 sec (FEV1%). At 

early and late CFPE, serum IGF-1 was directly correlated with FEV1%, serum iron, hemoglobin 

concentration, and transferrin saturation (TSAT) and indirectly correlated with alpha-1-antitrypsin.

Conclusions—This study not only supports the paradigm that CF is characterized by IGF-1 

deficiency but also that trends in lung function, nutritional status, and serum IGF-1 are related. 

Improvements in all three parameters after antibiotics for CFPE likely highlight the connection 

between lung function and nutritional status in CF Close correlations among IGF-1 and iron-

related hematologic parameters suggest that IGF-1 may participate in CF iron homeostasis, 

another process that is known to be influenced by CFPE.
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Introduction

Insulin-like growth factor-1 (IGF-1) is an anabolic hormone that reduces protein catabolism, 

restricts gluconeogenesis and ketogenesis, and stimulates tissue glucose utilization.1 Several 

clinical studies, mostly in children, have shown that serum IGF-1 concentrations are 

abnormally low in cystic fibrosis (CF) 2–4 and that low levels are associated with impaired 

growth.5 IGF-1 deficiency appears to be an intrinsic attribute of this condition because 

circulating concentrations are reduced at birth in a porcine model system of CF and in 

human newborns.2 Nonetheless, subcutaneous injection of IGF-1 in prepubertal children 

with CF over a 6-month period does not increase linear growth.6

The impact of IGF-1 deficiency on host immune responses in CF is largely unexplained. In a 

murine model of Pseudomonas sepsis, IGF-1 treatment improved hepatic bacterial clearance 

and survival,7 demonstrating that this molecule plays a prominent role in controlling 

infection. In pigs with CF, bloodstream levels of IGF-1 and its major binding protein, 

IGFBP-3, increase significantly after intravenous antibiotics and enteral nutritional support,2 

raising the possibility that serum IGF-1 improves after antibiotics in humans. The manner in 

which serum IGF-1 is related to nutritional status and lung function has not been reported 

during transitions from baseline health to early CF pulmonary exacerbation (CFPE) and 

from early CFPE to late CFPE (i.e., after antibiotics).

Treatment-related changes in several cytokines and proteins have been investigated during 

CFPE, including interleukin-6 (IL-6),8,9 interleukin-8 (IL-8),10 vascular endothelial growth 

factor (VEGF),10 tumor necrosis factor-alpha (TNF-α),11 and alpha-1-antitrypsin (A1AT).12 

However, relationships between serum IGF-1 and each of these proposed biomarkers of 

CFPE have not been presented. Therefore, we determined correlation coefficients between 

serum IGF-1 levels and serum concentrations of these substances at early and late CFPE.

Materials and Methods

Study Enrollment and Definitions

Data for this study were obtained under the auspices of two protocols (#22506 and #23314) 

approved by the Committee for the Protection of Human Subjects at Dartmouth College, and 

all participants gave written informed consent. Control subjects were non-smokers of similar 

age to CF subjects with no evidence of a systemic disease. They did not take prescription 

medications, except for oral contraceptive pills in the case of women. Control subjects were 

required to be in their baseline state of health (i.e., free of symptoms suggesting acute 

infection) at the time of phlebotomy. Control subjects were informed of the study by 

advertisements posted in our clinic.

Eight CF subjects were evaluated during a period of baseline health, defined by an attending 

physician with long-term understanding of the subject's medical history as a state in which 

treatment escalation was unnecessary. The time between their last CFPE and baseline health 

encounter was not determined. These individuals and an additional four CF subjects 

performed spirometry and provided blood samples within 24 hr of hospital admission for 

CFPE (early CFPE) and within 24 hr of hospital discharge following therapy (late CFPE). 
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Demographic and clinical data for the 12 subjects at early CFPE are provided in Table 1. All 

of these subjects participated in a study of iron homeostasis during CFPE,8 and serum IGF-1 

concentrations were measured in samples collected during that investigation. The median 

interval between early and late CFPE was 12 days (range: 5–19 days). For all CF subjects, 

body mass index (BMI) was determined on the same day of spirometry and phlebotomy. 

CFPE was defined by an attending pulmonologist as new or acutely worsened 

sinopulmonary and constitutional signs and symptoms that included the following: increased 

cough frequency, increased daily sputum expectoration, wheezing, dyspnea, fevers, chills, 

sweating, anorexia, and weight loss, consistent with prior investigations at our 

institution.8,13 Exacerbation scores were not utilized.

Laboratory Testing

ELISA kits for human IGF-1 were obtained from R&D Systems (Minneapolis, MN) and 

were used according to the manufacturer's instructions. Serum hepcidin-25 was quantified 

by a competitive ELISA assay at Intrinsic LifeSciences (La Jolla, CA).14 Serum A1AT was 

measured by immunoturbidimetric method (Foundation for Blood Research, Scarborough, 

ME). Serum iron, hemoglobin, and transferrin saturation (TSAT) were quantified by 

autoanalyzer (COBAS c311, Roche Diagnostics USA, Indianapolis, IN). Serum IL-6, IL-8, 

VEGF, and TNF-α were assayed with multiplex ELISA kits (Bio-Rad, Inc., Hercules, CA) 

according to manufacturer instructions.

Statistical Analyses

Data are expressed as mean ± standard deviation unless otherwise noted. We have used 

unpaired Student's t-tests to compare IGF-1 levels in control and CF subjects and paired 

Student's t-tests to compare levels among CF subjects during different contexts. Correlations 

are presented as Spearman rank correlation coefficients (ρ). Chi-square analysis was used to 

explore relationships between short and long treatment duration and serum IGF-1 response. 

GraphPad Prism 5.04 for Windows (GraphPad Software, San Diego CA) was used for all 

calculations. A two-tailed P-value <0.05 was considered statistically significant.

Results

Characteristics of CF Subjects and Controls

Controls and CF adults were of comparable age. The median BMI of the 8 controls (24.9 

kg/m) was 5.9 kg/m2 higher than that of the 8 CF subjects evaluated during baseline health 

(P = 0.003) and 5.6 kg/m2 higher than that of the 12 CF subjects who were evaluated at 

early CFPE (P = 0.002). In general, CF subjects enrolled in this study were mostly adult 

men with an advanced illness phenotype defined by severely impaired pulmonary function, 

chronic malnutrition, a preponderance of CF-related diabetes, hypoferremic anemia, and 

ineffective erythropoiesis that we have previously characterized.13 Table 1 describes 

demographic and clinical features of each subject at early CFPE.

Serum IGF-1 Levels Are Lower in CF Subjects Than Healthy Controls

Mean serum IGF-1 concentration in eight control subjects was 320.8 ng/ml higher than that 

of eight CF subjects in their baseline state of health (95% confidence interval for mean 
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difference: 212.0–429.7 ng/ml) (Fig. 1). This observation is consistent with prior 

studies.15,16 In healthy controls, serum IGF-1 was not correlated with BMI (Spearman ρ = 

−0.10, P = 0.8). For the eight CF subjects in their baseline state of health, serum IGF-1 and 

BMI were also not significantly correlated (Spearman ρ = 0.38, P = 0.4).

Serum IGF-1 Levels Fall Significantly at the Onset of CFPE

We first sought to identify whether serum IGF-1 levels fall in CF subjects as they progress 

from a compensated state of health (i.e., baseline) to early CFPE. Measurements were 

available at both time points from the eight subjects who were compared to healthy controls. 

Figure 2A shows that mean serum IGF-1 concentration was 174.4 ng/ml lower at early 

CFPE than baseline (95% confidence interval for mean difference: 102.4–246.5 ng/ml, P < 

0.001). This represented a 48% drop from baseline (P < 0.05).

Serum IGF-1 Levels, BMI, and FEV1% Significantly Respond to CFPE Therapy

We measured serum IGF-1 levels in 12 CF subjects (including those compared in Fig. 2A) 

at early and late CFPE (Fig. 2B). In this cohort, mean serum IGF-1 concentration improved 

by 114.7 ng/ml after treatment (95% confidence interval for mean difference: 55.6–173.7 

ng/ml, P = 0.001). These subjects also experienced a 0.7 kg/m2 increase in mean BMI (95% 

confidence interval for mean difference: 0.3–1.1 kg/m2, P = 0.004) and a 6.8% improvement 

in mean FEV1% (95% confidence interval for mean difference: 3.3–10.2%, P = 0.001).8 

Mean serum IGF-1 concentrations at early and late CFPE in the four CF subjects without 

baseline measurements were similar to those of the eight CF subjects with baseline 

measurements (P = 0.2 and 0.1 for each subgroup comparison at the two time points). Serum 

IGF-1 levels returned to baseline in the eight subjects with late CFPE measurements for 

comparison (mean difference between baseline and late CFPE: 40.5 ng/ml, 95% confidence 

interval for mean difference: −67.7–148.7 ng/ml, P = 0.4). Serum IGF-1 responses for 

individual subjects are given in Table 1.

The Spearman correlation coefficient between treatment duration (days) and post-treatment 

difference in serum IGF-1 was 0.24 (P = 0.45) in the 12 subjects. We could not dichotomize 

treatment duration into any short and long intervals and appreciate corresponding significant 

differences in the magnitude of the serum IGF-1 response using Chi-square test.

Serum IGF-1 Is Correlated With Biomarkers of Iron Homeostasis

Because we observed discrete trends in serum IGF-1 during the CFPE treatment cycle, and 

CFPE therapy modulates iron homeostasis,8 we questioned whether the two phenomena 

were associated. Therefore, we calculated Spearman correlation coefficients between serum 

IGF-1 values and parameters relevant to iron homeostasis, specifically, serum iron, 

hepcidin-25, TSAT, and hemoglobin concentration. Table 2 shows that these all of these 

metrics except hepcidin-25 are significantly correlated with serum IGF-1 during early and 

late CFPE, suggesting that these relationships more generally exist regardless of 

exacerbation status.
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IGF-1 Is Related to Alpha-1-Antitrypsin in Serum During CFPE Therapy

Because serum IGF-1 varied in response to antibiotic therapy for CFPE (Fig. 2B), and blood 

levels of several inflammatory mediators, including IL-6,8,9 IL-8,10VEGF,10 TNF- α,11 and 

A1AT12 have been quantified during CFPE, we investigated correlations between each of 

these parameters and IGF-1. Table 3 shows Spearman correlation coefficients for these 

relationships. Serum IGF-1 was indirectly correlated with serum A1AT, a circulating serine 

protease inhibitor that is distinctly elevated in CF,17 at early and late CFPE. There was a 

significant indirect correlation between IGF-1 and IL-6 in serum at late CFPE.

Serum IGF-1 Is Related to FEV1% During CFPE Therapy and to BMI at Early CFPE

Pulmonary function (FEV1%) was significantly associated with serum IGF-1 at early and 

late CFPE (Table 2). In the 12 subjects followed through the CFPE cycle, serum IGF-1 

correlated with BMI at early CFPE (Spearman ρ = 0.75, P = 0.02) but not at late CFPE 

(Spearman ρ = −0.15, P = 0.6).

Discussion

This study revealed several observations about IGF-1 in the context of CFPE. First, we 

demonstrated that CF is characterized by abnormally low serum IGF-1 levels. The onset of 

physician-diagnosed CFPE that warranted antibiotic treatment was distinguished by reduced 

circulating IGF-1 concentrations which improved within subjects after treatment. Serum 

IGF-1 was related to metrics of iron homeostasis and A1AT but not to other inflammatory 

mediators. Serum IGF-1 was correlated with FEV1% throughout the CFPE cycle and with 

BMI at early exacerbation. We conclude that serum IGF-1 likely reflects a link between 

nutritional sufficiency and lung function in CF. It may also mediate other physiologic 

processes, including iron utilization and protease inhibition.

Our finding of lower serum IGF-1 levels in CF subjects compared to age-matched controls 

supports the contention that CF is a state of IGF-1 insufficiency. By analyzing dried blood 

spots, Rogan et al.2 discovered that mean IGF-1 level (∼95 ng/ml) in 23 human newborns 

with CF was significantly lower than that (∼110 ng/ml) of 41 healthy human newborns. In 

older CF patients and controls (mean age: 26.6 and 28.0 years, respectively), Street et al.16 

found that mean serum IGF-1 concentration was lower in the former population (231.7 ± 

16.1 ng/ml vs. 302.2 ± 26.7 ng/ml). Data for stable CF subjects in Figure 1 are quite similar 

to those presented by Street et al.,16 although our controls had higher IGF-1 measurements. 

In distinction to our data from adults and those cited from newborns and adults,2,16 Ozen et 

al.3 did not detect any difference in serum IGF-1 levels between 37 CF and 23 healthy pre-

pubertal children.

Our study is the second to demonstrate that serum IGF-1 increases in response to treatment 

of CFPE. In 33 pediatric and adult CF patients, Lebl et al.4 calculated standard deviation 

scores (SDS) for serum IGF-1 based on local population standards. These authors4 showed 

that the SDS for serum IGF-1 normalized after antibiotics and hyperalimentation. Indeed, 

higher serum IGF-1 levels after treatment for CFPE may largely reflect greater nutritional 

reserve, which is supported by a mean BMI improvement of 0.7 kg/m2 after CFPE 
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treatment. Data in Figure 2A extends the perspective of Lebl et al.4 by showing that CFPE is 

heralded by a decline in serum IGF-1 from stable health. In a cross-sectional study of 92 

pediatric and adolescent CF patients, Lebl et al.4 reported a direct correlation (r = 0.23, P = 

0.05) between serum IGF-1 SDS and FEV1%, but they did not evaluate this relationship at 

early and late CFPE (Table 2). Our study was not designed to ask whether reductions in 

serum IGF-1 are more sensitive than a decline in lung function for the onset of CFPE, 

although this question warrants further consideration.

Our investigation is the first to identify correlations among serum IGF-1 and iron-related 

hematologic parameters during CFPE (Table 2). Iron is critically important for 

erythropoiesis, the production of hemoglobin-containing red blood cells in the bone 

marrow.18 Using human fetal bone marrow, Hanley et al.19 found that IGF-1 has an anti-

apoptotic effect on myeloid progenitor cells, implicating IGF-1 in the prevention of anemia. 

Indeed, serum levels of IGF-1 and iron independently predict hemoglobin concentration in 

human adults.20,21 Moreover, in iron-deficient adolescent females, serum levels of IGF-1 

and iron are directly correlated,22 congruent with data in Table 2. We have now 

demonstrated that systemic antibiotics and routine supportive care for CFPE23 improve 

serum iron8 and IGF-1 in adult CF patients, although these interventions do not alter 

hemoglobin concentration.8 The latter observation may reflect sources of type II error in our 

work, namely a short interval between biochemical tests and/or a small study population. 

Regardless, our data suggest that IGF-1 influences iron homeostasis in CF, and further 

mechanistic investigation is warranted.

Having discovered that serum IL-6 and hepcidin-25, two mediators of hypoferremia,24 fall 

after CFPE treatment,8 we questioned whether acute phase reactants correlated with IGF-1. 

In 17 children with CF who were studied during stable health, Street et al.25 identified a 

modest but statistically significant correlation between TNF-α and IGF-1 in serum. We 

found no such relationship during CFPE but did note that serum A1AT and IGF-1 were 

indirectly related at the onset and resolution of CFPE (Table 3). Recently, antibiotics have 

been shown to reduce blood levels of neutrophil-derived CD16b:A1AT complexes in adults 

with CF,26 suggesting that A1AT and IGF-1 are reflections of the inflammatory milieu in 

this disease.

Our finding of an indirect correlation between serum IGF-1 and IL-6 after CFPE treatment 

(Table 3) is unprecedented and congruent with clinical and in vitro observations. In an 

unselected cohort of 629 adults aged 50–89 years, Andreassen et al.27 identified a modest 

correlation between these parameters (r = −0.19, P < 0.001) and between serum IGF-1 and 

high sensitivity C-reactive protein (r = − 0.17, P < 0.001), suggesting that inflammation 

suppresses IGF-1 production. Indeed, IL-6 inhibits the induction of IGF-1 mRNA by growth 

hormone (GH) in hepatocytes, implicating this cytokine as a mediator of hepatic GH 

resistance.28 Therefore, the inflammatory nadir at the end of CFPE therapy8 coincides with 

improved anabolism.

Improvement in FEV1% is an expected outcome of antibiotic treatment for CFPE.29,30 

Herein, we show that serum IGF-1 is significantly correlated with this important 

physiological variable during acute illness and the earliest phase of convalescence (Table 2). 
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In a case– control study of CF children, Taylor et al.31 detected a modest correlation (r = 

0.17) between serum IGF-1 SDS and FEV1%. Our finding that serum IGF-1 remains closely 

associated with FEV1% throughout the exacerbation cycle generalizes this perspective. Our 

study was underpowered to identify correlations between serum IGF-1 and BMI at late 

CFPE, as denoted by an insignificant P-value. Heterogeneity in weight gain might also 

explain why serum IGF-1 and BMI are only correlated at CFPE onset.

In summary, we provide further evidence that higher serum IGF-1 levels are associated with 

better health in CF. It is not yet clear whether serum IGF-1 is a biomarker of nutritional 

status or whether it reflects lung function, although this warrants further investigation. Given 

that CFPE onset is heralded by reductions in serum IGF-1 and that CFPE recovery is 

signified by the opposite trend justifies evaluation of this molecule in larger CF populations 

as a biomarker for treatment adequacy and as a potential surrogate endpoint in interventional 

studies. Our data establish a compelling basis for probing the manner in which IGF-1 

influences iron homeostasis and erythropoiesis in CF and other inflammatory conditions.
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Figure 1. 
Comparison of serum IGF-1 concentrations between healthy controls and CF patients who 

subsequently experienced CFPE. The mean difference in (IGF-1) was 320.8 ± 50.7 ng/ml 

(95% CI of mean difference = 212.0–429.7). P-value for comparison by unpaired t-test 

<0.0001. Lines denote mean and SD.
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Figure 2. 
Comparison of serum IGF-1 concentrations throughout the CFPE cycle. In eight subjects 

(panel A), mean serum IGF-1 fell by 174.4 ng/ml (95% CI of mean difference = 102.4–

246.5, P < 0.001). In 12 subjects (panel B), including those compared in panel A, mean 

serum IGF-1 increased by 114.7 ng/ml (95% CI of mean difference = 55.6–173.7, P = 

0.001). Lines denote mean and SD.
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Table 2
Spearman Correlation Coefficients for Relationships Among Serum IGF-1, Iron-Related 
Hematologic Parameters, FEV1%, and BMI During CFPE

Early CFPE P-value Late CFPE P-value

Serum IGF-1 and serum iron 0.82 0.001 0.84 0.006

Serum IGF-1 and hepcidin-25 −0.28 0.38 −0.14 0.66

Serum IGF-1 and TSAT 0.76 0.004 0.91 <0.001

Serum IGF-1 and hemoglobin 0.75 0.005 0.69 0.01

Serum IGF-1 and FEV1% 0.67 0.02 0.78 0.003

Serum IGF-1 and BMI 0.75 0.02 −0.15 0.60
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Table 3
Spearman Correlation Coefficients for Relationships Among Serum IGF-1 and 
Inflammatory Mediators During CFPE

Early CFPE P-value Late CFPE P-value

Serum IGF-1 and serum IL-6 −0.48 0.11 −0.85 <0.001

Serum IGF-1 and serum IL-8 −0.16 0.61 0.08 0.83

Serum IGF-1 and serum VEGF −0.35 0.26 0.13 0.70

Serum IGF-1 and serum TNF-α −0.04 0.90 0.15 0.65

Serum IGF-1 and serum A1AT −0.66 0.02 −0.71 0.009
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