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Abstract
Background: Protein-energy wasting (PEW) is highly prevalent in haemodialysis (HD) patients and associated with increased
mortality and cardiovascular disease (CVD). Insulin-like growth factor 1 (IGF-1) correlates tomarkers of PEWand CVD. Disturbances
in the growth hormone axis in end-stage renal disease (ESRD) could have an impact on survival through increased PEW and CVD.

Methods: A cohort of 265 incident HD patients (median age 68 years, 59% males) was followed for 3 years. Subjects were
categorized according to IGF-1 levels at dialysis initiation. Outcomeand comorbidity datawere retrieved fromnational registers.
The Kaplan–Meier diagram and Cox proportional hazards model were used for the analysis of survival.

Results: Patients with IGF-1 levels in the lowest tertilewere characterized by female sex, low creatinine, hypoalbuminemia and
high C-reactive protein (CRP) levels. IGF-1 levels within the lowest tertilewere associated with increasedmortality [hazard ratio
(HR) 2.4, 95% confidence interval (CI) 1.7–3.4]. This association persisted when corrected for demographic factors (age, sex) and
comorbidities (diabetes mellitus, CVD, heart failure) in multivariable analysis. Including high-sensitivity C-reactive protein
(hs-CRP) and serumcreatinine in themodel had a small effect on themagnitude of the hazard.When serumalbuminwas added
to the model, the HR declined from 2.2 to 1.6, but remained significant (P = 0.02).

Conclusion: Low IGF-1 levels associate with increased mortality in HD, independent of biomarkers of inflammation (hs-CRP)
and PEW (creatinine, albumin). Serum albumin modulates the relationship between IGF-1 levels and mortality, indicating
shared pathophysiological pathways with IGF-1.
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Introduction
Protein-energy wasting (PEW) is highly prevalent in end-stage
renal disease (ESRD) patients undergoing haemodialysis (HD)
[1]. Several surrogate markers of PEW are associated with

increased mortality and cardiovascular disease (CVD), especially
when inflammation is present. Hypoalbuminemia has been
viewed as a marker of PEW, but is confounded by inflammation
and urinary losses [2–4]. Insulin-like growth factor 1 (IGF-1)
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correlates more strongly than albumin with anthropometric and
biochemicalmarkers of PEWandmalnutrition [5]. IGF-1mediates
the effects of growth hormone (GH) on lipid, glucose and protein
metabolism and cardiovascular function [6]. Reduced levels of
IGF-1 have been associated with CVD and all-cause mortality in
the general population [7]. Inefficiency of the GH/IGF-1 axis
may contribute to PEW in ESRD, where IGF-1 activity is reduced
due to increased levels of IGF-1 binding proteins (IGFBPs) and al-
tered receptor and post-receptor signalling. Although circulating
levels of GH are increased in CKD [8], its effects are blunted
by reduced receptor numbers and alterations in post-receptor
intracellular signalling pathways [6]. GH and IGF-1 activity is
also reduced in inflammatory states [9]. Disturbances in the
GH/IGF-1 axis could have an impact on survival in ESRD through
increased PEWandCVD.We therefore investigated IGF-1 as a pre-
dictor of mortality and its relation to inflammation and albumin
in a cohort of 265 incident HD patients.

Methods
Study design

This study represents a retrospective analysis of a cohort of
incident HD patients recruited from a single HD centre at Örebro
University Hospital, Sweden. Subjects were recruited during
1991–2009 and followed for up to 3 years. The studywas approved
by the regional ethics committee at Uppsala University Hospital,
Sweden.

Study population

We included patients starting HD without a previous history of
dialysis treatment or renal transplantation. Of 461 persons start-
ing HD at our centre during 1991–2009 without prior renal re-
placement therapy, 268 were asked to participate in the study
cohort. The only exclusion criterionwas unwillingness to partici-
pate (n = 3). The long period of inclusion was mandated by the
slow recruitment rate due to this being a single-centre study
and that all available patients were not assessed for eligibility.

The median age was 68 years (interquartile range 58–76 years)
and 59% were male. Causes of renal failure included diabetic ne-
phropathy (n = 59), nephrosclerosis (n = 48), glomerulonephritis
(n = 37), pyelonephritis (n = 14), polycystic kidney disease (n = 12),
others (n = 73) and unknown (n = 22). One hundred five (40%) indi-
viduals had a history of cerebrovascular, peripheral vascular or
coronary heart disease (grouped as CVD); 74 (28%) had heart fail-
ure (HF) and 96 (36%) had diabetesmellitus. Selected characteris-
tics of the study population are presented in Table 1. Although
detailed data on ethnicity were not available, the majority of
HD patients in Sweden are Caucasian.

Procedures and variables

Serum samples were obtained at the start of the first dialysis ses-
sion or up to 11 days before and stored at−20°C. Clinical biochem-
ical parameters (creatinine, albumin, haemoglobin) were
measured using routine methods at Örebro University Hospital.
After the end of follow-up, serum samples were analyzed for
IGF-1, IGF-1 binding protein-3 (IGFBP-3) and high-sensitivity
C-reactive protein (hs-CRP) by immunometric assays onan Immu-
lite 1000 Analyzer (Siemens Healthcare Diagnostics, Los Angeles,
CA, USA) and according to the instructions of the manufacturer.

All participants in the study were registered in the Swedish
Renal Registry, maintained by the Swedish Society of Nephrology
(http://www.medscinet.net/snr/). Demographic data, cause of
renal failure, time to renal transplantation and cases of regained
renal function were retrieved from this register. Comorbidity
data were obtained from inpatient diagnoses in the Swedish Na-
tional Patient Register (http://www.socialstyrelsen.se/register/
halsodataregister/patientregistret/inenglish). This register,
launched in 1964, has complete coverage of inpatient care since
1982 and has been validated for a number of diagnoses [10]. Sur-
vival time and cause of death were obtained from the Swedish
Cause of Death Register. The latter two registers are administered
by the Swedish National Board of Health and Welfare. Registry
data of comorbidities, cause of renal failure and cause of death
are based on the clinical diagnosis by the reporting physician.

Table 1. Demographic, clinical and laboratory characteristics of 265 incident dialysis patients by IGF categories (lower tertile versus the rest)

Variable All patients (n = 265) Non-low IGF-1 (n = 177) Low IGF-1 (n = 88) P-value

Low IGF-1, % 33 0 100 <0.001a

Sex, female, % 41 32 58 <0.001a

Diabetes mellitus, % 36 33 43 0.13a

Cardiovascular disease, % 40 37 45 0.22a

Heart failure, % 28 25 33 0.25a

AV-fistula, % 25 28 19 0.15a

Collagen vascular disease, % 14 10 20 0.03a

Malignancy, % 17 15 20 0.31a

Age, years, mean (SD) 65.8 (13.4) 64.9 (14) 67.6 (11.9) 0.11b

IGF-1, ng/mL, mean (SD) 127 (78.5) 166 (67.6) 49.4 (17.3) <0.001b

IGFBP-3, μg/mL, median (IQR) 3.71 (1.6) 4.26 (1.49) 2.62 (1.23) <0.001b

hs-CRP, mg/L, mean (SD) 23 (8.02–64.5) 18.1 (7.45–56) 34.8 (11.3–83.9) 0.04c

Creatinine, µmol/L, mean (SD) 738 (311) 767 (291) 680 (342) 0.04b

Albumin, g/L, mean (SD) 33.6 (5.9) 35.3 (5.08) 30.2 (6.02) <0.001b

Haemoglobin, g/L, mean (SD) 100 (15.1) 101 (14.6) 98.4 (16) 0.16b

Low IGF-1 category represents the lower tertile of IGF-1 distribution. IGF-1, insulin-like growth factor 1; IGFBP-3, insulin-like growth factor binding protein 3; IQR,

interquartile range; hs-CRP, high-sensitive C-reactive protein.
aStatistical significance was tested with χ2 test.
bStatistical significance was tested with Student’s t-test.
cStatistical significance was tested with Wilcoxon–Mann–Whitney test.
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Comorbidities were defined from International Classification
of Diseases, Ninth Revision (ICD-9) codes or corresponding codes
in ICD-8 or ICD-10 as follows (ICD-9 codes in parentheses): CVD
includes ischaemic heart disease (410–414 and surgery codes
for coronary artery bypass graft and percutaneous coronary
intervention), peripheral vascular disease (440, 250G) and cere-
brovascular disease (430–38). Collagen vascular disease includes
psoriasis and similar disorders, polyarteritis nodosa and allied
conditions, diffuse diseases of connective tissue, rheumatoid
arthritis and other inflammatory polyarthropathies (696, 446,
710, 714). Malignancy includes all malignant tumours except
skin cancer, tumours of unknown nature and cancer in situ
(140–171 and 174–209). Other comorbidities were diabetes melli-
tus (250) and HF (428). Comorbidity was noted if diagnosis was
present at any time before initiation of dialysis.

Data on vascular access at the initiation of dialysis was
retrieved from medical records and classified as arteriovenous
fistula (AVF) or non-AVF. A variable for the period of inclusion
was calculated (years 1991–95, 1996–2000, 2001–5 and 2006–9).

Statistical analysis

Descriptive data are presented in Table 1 asmean (SD) if continu-
ous and percentage if categorical. The significance level was set
at P < 0.05. For comparisons between groups, χ2 test was applied
for categorical variables and Student’s t-test for continuous vari-
ables. Normal distribution of datawas assessed by visual inspec-
tion of density and Q–Q plots. CRP appeared non-normally
distributed and Wilcoxon–Mann–Whitney test was employed in
its analysis.

A Cox proportional hazards model was used for univariable
and multivariable analysis of survival. Cases were censored at
renal transplantation (n = 49) or regained renal function (n = 7)
and follow-up was 3 years from inclusion (n = 265). In multivari-
able analysis, we included established cardiovascular risk factors
(age, sex, diabetes mellitus, HF and history of CVD) and selected
biochemical markers. Kaplan–Meier analysis was used to obtain
a survival diagram, with log-rank test for difference between
groups. Numbers were rounded at two significant digits for ratios
and three for descriptive data, trailing zeroes omitted.

Results
IGF-1

Themedian IGF-1 of the study population (118 ng/mL)waswithin
the normal (95%) range according to the manufacturer of the
enzyme-linked immunosorbent assay kit (69–200 ng/mL for age
range 66–70 years).

Characteristics according to IGF-1 levels are presented in
Table 1. Low IGF-1was defined as levels below the 33rd percentile
(lowest tertile) of the study population, which corresponded to
75 ng/mL. Patients in the low IGF-1 group were more often fe-
male, had a history of collagen vascular disease, higher hs-CRP
and lower serum creatinine, serum albumin and IGFBP-3. There
were no significant differences in age, haemoglobin levels or
prevalence of diabetes mellitus, HF, malignancy or CVD.

The association of IGF-1 with collagen vascular disease was
not statistically significant when investigated via a multivariable
linear regression model including sex (P = 0.17).

Analysis of survival

During a follow-up of up to 36months, 134 (51%) persons died, 49
(18%) were transplanted and 7 (3%) regained renal function.

Causes of death included cardiovascular causes (n = 67, 50%),
withdrawal of dialysis (n = 23, 17%), infection (n = 16, 12%), malig-
nancy (n = 9, 7%), others (n = 15, 11%) and unknown (n = 4, 3%).

Univariable correlations to survival are presented in Table 2,
with hazard ratios (HRs) for continuous variables describing
standard deviation increments. Age, history of HF, malignancy
or CVD and the absence of an AVF at dialysis initiationwere asso-
ciated with increasedmortality risk. On the other hand, diabetes,
collagen vascular disease and female sex were not associated
withmortality. Among laboratory variables, serum albumin, cre-
atinine, IGF-1, IGFBP-3 and hs-CRP correlated to outcome.

Kaplan–Meier analysis (Figure 1) showed that IGF-1 tertiles
were associated with patient survival (log-rank P < 0.001). The as-
sociation of low IGF-1 with survival was further examined using
the Cox proportional hazards model (Table 3). IGF-1 levels with
the lowest tertile distribution were strongly associated with
increased risk of death [HR 2.4 (95% CI 1.7–3.4)] as compared
with the middle and highest tertiles. This association persisted
when corrected for demographic factors (age, sex) and comorbid-
ities (diabetes mellitus, CVD, HF) in multivariable analysis
(Table 3). Including hs-CRP and creatinine in the model had a
small effect on the magnitude of the hazard. When serum albu-
min was added to the model, the HR declined from 2.2 to 1.6 but
remained significant (P = 0.02).

Causes of ESRD and their association with IGF-1 categories
and survival are presented in the supplementary material (Sup-
plementary data, Tables S3 and S4).

Discussion
We report that patients with a low level of IGF-1 at the start of HD
have an increased 3-year mortality rate. This confirms the results
fromprevious cohort studies of bothprevalent [11–13] and incident
[14] dialysis patients. Others have not found significant associa-
tions between IGF-1 levels and survival [15, 16]. Beberashvili et al.
[17] found that low levels of IGF-1 were associated with increased
mortality in HD, but only in combination with high levels of IL-6.
Importantly, in the present study, low IGF-1 associated with sur-
vival independent of hs-CRP, creatinine and serum albumin.

Table 2. Univariable HRs (and 95% CIs) of selected covariates and the
risk of all-cause mortality (N = 265)

Variable HR (95% CI) P-value

Low IGF-1 2.4 (1.7–3.4) <0.001
Sex, female 1.3 (0.92–1.8) 0.14
Diabetes mellitus 1.2 (0.84–1.7) 0.35
Cardiovascular disease 1.6 (1.1–2.3) 0.006
Heart failure 1.8 (1.3–2.6) 0.001
AV fistula 0.59 (0.38–0.91) 0.02
Collagen vascular disease 1.5 (0.97–2.4) 0.07
Malignancy 1.7 (1.1–2.5) 0.01
Age, years 1.3 (1–1.6) 0.02
IGF-1, ng/mL 0.66 (0.53–0.81) <0.001
IGFBP-3, μg /mL 0.65 (0.53–0.8) <0.001
hs-CRP, mg/L 1.3 (1.1–1.4) 0.001
Creatinine, µmol/L 0.65 (0.52–0.82) <0.001
Albumin, g/L 0.64 (0.54–0.75) <0.001
Haemoglobin, g/L 0.9 (0.75–1.1) 0.23

HRs for continuous variables are per standard deviation increment. Low IGF-1

category represents the lower tertile of IGF-1 distribution against the other two

tertiles combined. HR, hazard ratio; CI, confidence interval; IGF-1, insulin-like

growth factor 1; IGFBP-3, insulin-like growth factor binding protein 3; hs-CRP,

high-sensitive C-reactive protein.
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IGF-1 is thought to be amarker of PEWandmalnutrition [5]. It
has also been suggested that low IGF-1 could be a causative factor
for PEWandCVD [7]. In the present study, IGF-1 correlated both to
serum creatinine, which in dialysis patients is a crude marker of
lean body mass [18], and to hs-CRP. When adjusting for these
markers, IGF-1 remained independently associated with sur-
vival. Albumin levels were lower among those with low IGF-1
and had a clear effect on the relationship between IGF-1 and
survival, independent of hs-CRP and creatinine. This may indi-
cate that serum albumin and IGF-1 reflect common pathophysio-
logical pathways other than PEW and inflammation [19].

Both high and low IGF-1 levels have been associatedwith CVD
in the general population. High levels also predict the presence of
CKD [20]. In ESRD, a univariable association of IGF-1 with cardio-
vascular events that did not remain statistically significant in
multivariable analysis has been reported [12]. In this cohort,
the prevalence of CVD was not significantly different in the low
and non-low IGF-1 groups and the association of IGF-1 with
mortality was independent of CVD. This may indicate that the

association of IGF-1 and CVD found in the general population is
not as prominent in ESRD. It should be emphasized that patients
with CKD who progress to ESRD represent a select group, having
both progressed in their renal failure and survived years of a pro-
atherogenic and toxic uraemic milieu. Therefore, serum IGF-1 in
ESRD may reflect other pathological conditions than it does in
earlier stages of CKD and in the general population.

In renal failure, IGF-1 activity is reduced due to the accumula-
tion of IGF-1 binding proteins, which lowers the free bioactive frac-
tion of IGF-1 [21]. This should lead to a compensatory increase of
total IGF-1 through decreased feedback inhibition of GH release
from the pituitary gland, leading to an increase in GH levels [8,
22]. In renal failure, concomitant resistance to GH may blunt this
compensatory response. Our results suggest that the levels of
total IGF-1 per se predict worse outcomes, perhaps because lower
levels reflect a state of more profound GH resistance where de-
creased IGF-1 activity is aggravated by a relative IGF-1 deficiency.

Several important limitations of the study should be acknowl-
edged. Although the intention was to include all incident HD
patients at Örebro University Hospital from 1991 to 2009, a large
proportion of the total population of incident dialysis patients
could not be included due to exclusion criteria or because it
was not possible to obtain blood samples due to logistic reasons.
This may affect the external validity of our results. Also, retrieval
of data on possible confounders such as concomitant medica-
tion, height and smoking status was not possible. Furthermore,
it should be noted that hs-CRP levels were very high in all groups.
This reflects the broad selection criteria for this study, where
patients with acute infections and acute inflammatory condi-
tions may be more prevalent than in studies of stable HD
patients. The long inclusion period may lead to selection bias
due to changes over time in demographics, criteria for starting
renal replacement therapy and comorbidity in the dialysis popu-
lation, as well as analytical interference due to degradation of
the analyzed markers in stored serum. For clinical laboratory
variables, changes in calibration and methods may interfere. To
assess the influence of these factors, the period of inclusion was
used as a variable in the statistical analysis and variations in
baseline laboratory variables over time were investigated. We
found no association between the period of inclusion and out-
come or IGF-1 (data not shown). Using t-test, IGFBP-3 was signifi-
cantly lower for those included in 2001–9 and creatinine lower in
1996–2005 compared with other periods of inclusion. For IGF-1,
hs-CRP, haemoglobin and albumin, no significant differences
were seen. Results including IGFBP-3 or serum creatinine should
therefore be interpretedwith caution. However, long storage time
did not seem to affect levels of IGF-1 [23].

Information on comorbidities was retrieved from national
registries, utilizing ICD coding. Changes in reporting or coding
over timemay therefore have influenced the degree to which dif-
ferent conditionswere captured. Although the frequency of some
comorbidities varied over time (Supplementary data, Table S2),
there was no association between the period of inclusion and
outcome or IGF-1 levels (data not shown).

Limitations inherent in observational cohort studies include
the lack of a control group and the potential of unidentified con-
founding variables. The retrospective analysis opens up the pos-
sibility that data on comorbidities and causes of ESRD may not
have been rigorously collected.

In summary, HD patients with IGF-1 in the lowest tertile have
increased mortality. This group is further characterized by hy-
poalbuminemia and high CRP levels. Although this reflects the
presence of PEW and inflammation, these factors may not fully
explain the association of IGF-1 and mortality.

Table 3. Crude and sequential multivariable adjustment for all-cause
mortality risk associated to low IGF-1 levels (N = 265)

Covariates HR (95% CI) P-value

Crude (lowest IGF-1 tertile versus
mid and high IGF-1 tertiles)

2.4 (1.7–3.4) <0.001

1 + age + sex + DM+CVD +HF 2.3 (1.6–3.4) <0.001
2 + hs-CRP 2.2 (1.6–3.2) <0.001
3 + creatinine 2.2 (1.5–3.1) <0.001
4 + albumin 1.6 (1.1–2.4) 0.02

IGF-1, insulin-like growth factor 1; HR, hazard ratio; CI, confidence interval; DM,

diabetes mellitus; CVD, cardiovascular disease; HF, heart failure; hs-CRP, high-

sensitive C-reactive protein.

Fig. 1. Kaplan–Meier diagram of survival in 265 incident HD patients by IGF-1

tertiles with numbers at risk.
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Supplementary data
Supplementary data are available online at http://ckj.oxford
journals.org.
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