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Attenuated IGF-1 predicts all-cause
and cardiovascular mortality in a Black
population: A five-year prospective study
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Abstract

Background: Inconsistent findings are reported on whether insulin-like growth factor-1 (IGF-1) is protective or harmful

in predicting hypertension, carotid wall thickness and mortality. We determined the five-year prognostic value of IGF-1

for these outcomes in a large Black population prone to hypertension and cardiovascular disease.

Design: A longitudinal study as part of the PURE (Prospective Urban and Rural Epidemiology) study, North West

Province, South Africa.

Methods: We measured IGF-1 and IGF binding protein-3 (IGFBP-3) in 1038 HIV-uninfected participants (age range

32–94 years) and assessed blood pressure, carotid intima-media thickness and mortality.

Results: Over five years 116 deaths occurred. Baseline IGF-1 was similar in survivors and non-survivors (p¼ 0.50), but

tended to be higher in survivors upon adjustment for IGFBP-3 and covariates (p¼ 0.061). Normotensives and hyper-

tensives (p¼ 0.072), and those with carotid intima-media thickness< 0.9 mm and� 0.9 mm also displayed similar baseline

IGF-1 (p¼ 0.55). Multivariable-adjusted Cox-regression indicated high IGF-1 predicting lower risk for all-cause mortality

(hazard ratio 0.45; 0.23–0.88) and cardiovascular mortality (hazard ratio 0.26; 0.08–0.83) when also adjusting for IGFBP-

3. When including normo- and hypertensives at baseline, high IGF-1 was related to normotension at follow-up (hazard

ratio 0.68; 0.49–0.95). We found no association with carotid intima-media thickness (hazard ratio 0.59; 0.31–1.14).

Conclusion: In a Black South African population with low socio-economic status and harmful health behaviours, we

found a protective independent association between IGF-1 and hypertension, cardiovascular and all-cause mortality, with

no association with carotid wall thickness.
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Introduction

Conflicting findings are consistently reported on the
cardiovascular protective versus detrimental effects of
insulin-like growth-factor 1 (IGF-1). These contra-
dictory reports span findings relating to hypertension
development,1–4 carotid wall thickening,5–10 and all-
cause and cardiovascular mortality.11–18

IGF-1 is induced by growth hormone, and forms
part of a complex and dynamic system involving at
least six IGF-1 binding proteins and binding-protein
related proteases19 – all of which affect IGF-1 bioavail-
ability. Free or bioavailable IGF-1 has protective
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effects on the endothelium20 – exerted mainly via the
PI3K (phosphoinositide 3-kinase)/Akt signalling path-
way by means of nitric oxide generation,21,22 thereby
having a potential blood pressure lowering effect. In
contrast, the IGF-1-mediated mitogenic, migratory
and proliferatory effects on vascular smooth muscle
cells applied via the mitogen-activated protein kinase
(MAPK) pathway23 are potent when unbalanced with
respect to the IGF-1-typical PI3K activity, and have
been under scrutiny, suggesting a link with athero-
genesis and coronary heart disease,5,7,3,24 as well as
cancer.25

In this study we evaluated the prognostic significance
of IGF-1 for hypertension, carotid wall thickness, and
all-cause and cardiovascular mortality in 1038 Black
individuals followed over five years. This Black popula-
tion is prone to hypertension26,27 and cardiovascular
disease,28–30 and we have previously shown that Black
individuals present lower IGF-1 concentrations than
Whites from young ages onwards.6,31 Furthermore,
the suitability of this study is enhanced by the inclusion
of IGF binding protein-3 (IGFBP- 3) (with 80%
of IGF-1 being bound to IGFBP-320), a detailed phe-
notypic characterization of the population, such as
obesity32,33 measures, alcohol intake,34,35 inflamma-
tion,17,32,36 physical activity34,37 and smoking38 – all
known to affect circulating IGF-1 concentrations.

Methods

Study population

This study forms part of the Prospective Urban and
Rural Epidemiology (PURE) study, which tracks chan-
ging lifestyles, risk factors and chronic disease using
periodic standardized data collection in urban and
rural areas of 18 countries in transition.39 In 2005 we
collected the baseline data of the South African leg in
the North-West Province and included 2010 Africans
(aged >30 years) from a sample of 6000 randomly
selected households. In 2010 we performed the first
follow-up, including 1288 participants. From those
not taking part, 233 were deceased and 489 refused
participation and were regarded as ‘lost to follow-up’
(follow-up rate, 76%).

For this sub-study we focused on those with avail-
able IGF-1 data (N¼ 1660; Figure 1). After excluding
HIV-infected participants and those with missing data,
and taking into account those lost to follow-up, we had
a complete dataset for 1038 participants at baseline (age
range 32–94 years), with 922 survivors and 116 non-
survivors. Participants lost to follow-up were compar-
able to survivors (Supplementary Material Table S1
online) for IGF-1 and IGFBP-3, blood pressure and
body mass index and inflammatory markers, but were
younger and consisted of more men from urban areas.

Five-Year follow-up

N=1038

Survivors (N=922)

Data available for 

blood pressure (N=886) 

Carotid intima-media 

thickness (N=844) 

Non-survivors (N=116)

All-cause mortality 

(N=116) 

Cardiovascular mortality

(N=42) 

Excluded:

Lost to follow-up (N=303) 

HIV-infected (N=263) 

Missing data (N=56) 

PURE Study participants

(N=2010) 

Baseline

Samples in biobank for IGF-1 analyses

(N=1660) 

Figure 1. Participant flow chart.

PURE: Prospective Urban and Rural Epidemiology; IGF-1: insulin-like growth factor-1
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Participants were fully informed about the objectives
and procedures of the study prior to each measurement
session. All participants gave written informed consent.
The study complied with all applicable requirements of
US and international regulations, in particular the
Helsinki Declaration of 1975 (and subsequent revi-
sions) for investigation of human participants. The
Health Research Ethics Committee of the North-West
University approved the study.

Hypertension and carotid intima-media thickness
outcome assessment

As brachial blood pressure (BP) was assessed both at
baseline and at follow-up, we made use of BP change
over five years as a continuous variable, but mainly
used hypertension (0/1) based on BPs during follow-
up. In all adjusted analyses, we included statistical
adjustment for antihypertensive medication.

As carotid ultrasound measurements were not per-
formed at baseline, we were unable to assess the change
in carotid wall thickness over time. In all statistical
analyses we therefore made use of carotid intima-
media thickness (cIMT) as a dichotomous variable
(0/1) for cIMT< 0.9mm or �0.9mm.40

Mortality outcome assessment

Fieldworkers contacted participants every three months
over the five-year period. The cause of death was
obtained from family death certificates and verbal aut-
opsy and coded by a physician according to the
International Classification of Diseases codes for the
underlying causes. Cardiovascular mortality included
all fatal cardiac and stroke events and death noted as
‘due to hypertension (I10)’. Cardiac-related illnesses
that caused death included heart failure (I50), myocar-
dial infarction (I21), congestive heart failure (I50.0) or
any other cardiac-related reasons. Death due to
stroke included any stroke or cerebral vascular incident
(I69-I69).

Further details on methodology are described in the
online Supplementary Material.

Statistical analyses

We compared means and proportions of the baseline
characteristics of survivors and non-survivors by inde-
pendent t-tests and �2 tests, respectively. Variables
with a non-Gaussian distribution were logarithmically
transformed and reported as geometric mean and 5th
and 95th percentile intervals (IGF-1, IGFBP-3, glu-
cose, glycated haemoglobin (HbA1c), triglycerides,
C-reactive protein (CRP), interleukin-6, g-glutamyl-
transferase, estimated creatinine clearance, albumin–

creatinine ratio). We used analyses of covariance
(ANCOVAs) to compare multivariable-adjusted base-
line levels of IGF-1 between cardiovascular outcome
categories (normotensive/hypertensive;
cIMT< 0.9mm/� 0.9mm; survival/all-cause mortality
and cardiovascular mortality). By using quintiles of
baseline IGF-1, we compared proportions of mortality
(using �2 tests) and percentage change in systolic BP
(SBP) (%SBP) and cIMT using analyses of variance
(ANOVAs) and ANCOVAs. We finally performed
multivariable-adjusted Cox-regression analyses to
assess the association of baseline IGF-1 with either
hypertension, cIMT �0.9mm, and all-cause and car-
diovascular mortality. We considered the listed poten-
tial covariates for inclusion in regression models based
on single regression analyses with the dependent vari-
ables and main independent variables: age, gender,
locality (urban versus rural), waist circumference,
body mass index, body surface area, weight, physical
activity index, tobacco and alcohol use, g-glutamyl-
transferase, antihypertensive medication, SBP, dia-
stolic BP (DBP), pulse pressure, heart rate, cIMT,
carotid cross-sectional wall area, total cholesterol,
high-density lipoprotein (HDL)-cholesterol, low-den-
sity lipoprotein (LDL)-cholesterol, triglycerides,
CRP, interleukin-6, glucose, HbA1c, estimated glom-
erular filtration rate, creatinine clearance, urinary albu-
min–creatinine ratio. Regression models were finally
adjusted for IGFBP-3, age, sex, locality (urban versus
rural), physical activity index, body mass index,
tobacco and alcohol use, SBP, glucose, HDL-choles-
terol, triglycerides, interleukin-6, creatinine clearance
and antihypertensive medication.

Results

When comparing baseline characteristics of survivors
and non-survivors (Table 1), we found that non-survivors
were older, had higher BP, lower body mass index, and
had higher proportions of men and individuals from
urban localities. Non-survivors also had elevated inflam-
matory markers (CRP and interleukin-6), alcohol and
tobacco intake and antihypertensive medication use,
but there were no differences in IGF-1 (p¼ 0.50) or
IGFBP-3 (p¼ 0.64). Upon adjustment for IGFBP-3
and potential confounders (Figure 2), the adjusted
mean of IGF-1 of survivors (51.5 ng/ml) tended to be
higher than in non-survivors (43.2 ng/ml), not reaching
statistical significance (p¼ 0.061).

We also compared unadjusted and adjusted baseline
IGF-1 concentrations between individuals with normo-
tensive and hypertensive blood pressures or those with
cIMT< 0.9mm and� 0.9mm after five years (Figure 2;
Supplementary Table S2). All comparisons indicated
similar IGF-1 (unadjusted, partially adjusted and
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multivariable-adjusted) in these groupings. When divid-
ing our sample into IGF-1 quintiles (Supplementary
Table S3), we found that IGFBP-3 also increased
along with increasing quintiles (p< 0.001). When view-
ing cardiovascular outcomes according to quintiles,
there were no differences in % change in SBP over
five years (p¼ 0.21), or cIMT (p¼ 0.94) before and
after adjustments for potential confounders. In terms
of cardiovascular and all-cause mortality, proportions
also did not differ between IGF-1 quintiles (p¼ 0.29
and 0.67, respectively).

To determine whether baseline IGF-1 (log) concen-
trations predict cardiovascular outcome, we used multi-
variable-adjusted Cox-regression analyses, which takes
the time to event into account. In Figure 3 we indicate
that high IGF-1 predicts lower risk of hypertension
(hazard ratio 0.68; 0.49–0.95), all-cause mortality
(hazard ratio 0.45; 0.23–0.88) and cardiovascular mor-
tality (hazard ratio 0.26; 0.08–0.83) over five years,

becoming more pronounced upon additional adjust-
ment for IGFBP-3. IGF-1 did not predict carotid wall
thickness (hazard ratio 0.59; 0.31–1.14). Furthermore,
in none of the above models did IGFBP-3 associate
significantly with any outcome variable.

Sensitivity analyses

Due to the possible confounding effects of diabetes in
IGF-functioning and cardiovascular outcome, we
repeated the Cox-regression analyses after removal of
59 participants with HbA1c> 6.5 %. All results
remained robust, namely for hypertension (hazard
ratio 0.66; 0.47–0.94), all-cause mortality (hazard
ratio¼ 0.45; 0.23–0.87) and cardiovascular mortality
(hazard ratio¼ 0.24; 0.08–0.74). We found no signifi-
cant association with carotid wall thickness (hazard
ratio¼ 0.54; 0.27–1.10). We also repeated the Cox-
regression analyses to determine if IGF-1 predicts

Table 1. Baseline characteristics of Black South African participants.

Survivors Non-survivors p

N 922 116

Age, years 51.6� 10.3 56.3� 11.8 <0.001

Sex, men, N (%) 302 (32.7) 63 (54.3) <0.001

Locality, urban, N (%) 412 (44.7) 65 (56.0) 0.021

Body mass index, kg/m2 25.2� 7.00 22.7� 6.73 <0.001

Waist circumference, cm 80.7� 13.0 79.1� 14.5 0.26

Systolic blood pressure, mmHg 135� 24.1 144� 28.4 <0.001

Diastolic blood pressure, mmHg 88.3� 14.1 91.3� 16.1 0.033

Biochemical variables

Insulin-like growth factor-1, ng/ml 48.5 (6.5; 124) 45.8 (7.20; 111) 0.50

IGFBP-3, ng/ml 1353 (91.8; 5677) 1431 (185; 5150) 0.64

Glucose, mmol/l 4.92 (3.50; 7.10) 4.74 (3.30; 6.70) 0.12

Glycated haemoglobin, % 5.67 (4.90; 6.80) 5.45 (4.50; 6.60) 0.004

Total cholesterol, mmol/l 5.23� 1.34 4.78� 1.33 <0.001

HDL-cholesterol, mmol/l 1.59� 0.62 1.56� 1.32 0.69

Triglycerides, mmol/l 1.17 (0.57; 2.77) 1.08 (0.56; 2.35) 0.079

C-reactive protein, mg/l 3.16 (0.25; 35.4) 5.21 (0.43; 53.2) <0.001

Interleukin-6, pg/ml 2.80 (0.75; 17.1) 5.24 (0.75; 33.9) <0.001

g-glutamyl transferase, U/l 55.6 (19.9; 354) 78.3 (21.0; 488) <0.001

Creatinine clearance, ml/min 94.2 (56.3; 168) 83.6 (39.7; 152) 0.002

Urinary albumin–creatinine ratio 0.29 (0.11; 1.07) 0.33 (0.11; 1.10) 0.20

Physical activity index 7.34� 1.87 6.41� 1.85 <0.001

Self-reported diabetes, N (%) 12 (1.30) 1 (0.86) 0.76

Self-reported tobacco use, N (%) 487 (52.8) 78 (67.2) 0.003

Self-reported alcohol use, N (%) 377 (40.9) 61 (52.6) 0.016

Anti-hypertensive medication, N (%) 166 (18.0) 30 (25.9) 0.042

Values are mean� standard deviation or geometric mean (5th and 95th percentile intervals) for logarithmically transformed

variables.

IGFBP-3: insulin-like growth factor binding protein-3; HDL: high-density lipoprotein
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incident hypertension over five years. Upon exclusion
of participants with hypertension at baseline (N¼ 592),
we found a similar tendency in the hazard ratio, but it
was not significant (hazard ratio¼ 0.82; 0.41–1.65).

Discussion

In a large sample of Black South Africans followed
over five years, we found that reduced IGF-1 signifi-
cantly predicted all-cause and cardiovascular mortality.
IGF-1 indicated a protective independent association
with hypertension, but was not linked to carotid wall
thickness. The majority of Black South Africans,
including this population, have a low socio-economic
status with one in four of the population unemployed.41

In our cohort (38% without formal education and 39%
unemployed) detrimental health behaviours such as
excessive alcohol use,42,43 smoking and obesity26,44 are
common. These harmful behaviours are known to sup-
press IGF-1 levels,32–35 resulting in loss of cardiovascu-
lar protection.19 In a similar South African population
we have found that attenuation of IGF-1 takes place at
much younger ages than in Whites,31 which may pre-
dispose Blacks to cardiovascular abnormalities at
younger ages.
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Figure 2. Baseline IGF-1 according to cardiovascular outcome

and mortality (adjusted for IGFBP-3, age, sex, locality, physical

activity index, body mass index, tobacco and alcohol use, systolic

blood pressure, glucose, high-density lipoprotein cholesterol,

triglycerides, interleukin-6, creatinine clearance,

anti-hypertensive medication).

IGF-1: insulin-like growth factor-1; IGFBP-3: IGF binding

protein-3; cIMT: carotid intima-media thickness

Hypertension

Carotid wall thickening

All-cause mortality

Cardiovascular mortality

Total IGF-1 (log) 0.66 (0.49–0.89)

0.68 (0.49–0.95)

0.61 (0.33–1.10)

0.59 (0.31–1.14)

0.52 (0.29–0.94)

0.45 (0.23–0.88)

0.43 (0.16–0.18)
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Figure 3. Multivariable-adjusted hazard ratios for hypertension, carotid wall thickening (cIMT�0.9 mm) and mortality over five

years. (Models adjusted for age, sex, locality, physical activity index, body mass index, tobacco and alcohol use, systolic blood pressure,

glucose, high-density lipoprotein cholesterol, triglycerides, interleukin-6, creatinine clearance, anti-hypertensive medication.) Data

reported as hazard ratio (95% CI).

IGF-1: insulin-like growth factor-1; IGFBP-3: IGF binding protein-3; cIMT: carotid intima-media thickness; CI: confidence interval
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Hypertension

Within our total baseline sample we found that high
IGF-1, adjusted for IGFBP-3, was significantly related
to having blood pressure in the normotensive range
after five years. This is in line with previous cross-
sectional findings in Black school teachers, where we
reported an independent inverse association between
24-h SBP and IGF-1.6 In Black teachers mean IGF-1
was lower than similarly aged White teachers
(137 ng/ml vs. 189 ng/ml, p< 0.001). In the present
study we were, however, surprised to note that
although IGF-1 seemed rather low in the total popula-
tion (48.2 (6.50–124) ng/ml), concentrations at baseline
were similar between individuals, being normotensive
or hypertensive at follow-up, before and after multiple
adjustments. This may indicate that viewing IGF-1 as a
biomarker in isolation may not be effective to evaluate
an individual’s risk for future cardiovascular outcome,
possibly since circulating IGF-1 concentrations are not
completely indicative of the complex mechanisms
involved in maintaining IGF-1 tissue availability.
IGF-1 expression and function are affected by growth
hormone, other endocrine factors,45 binding proteins,
age, ethnicity,46 and genetic47 and environment modu-
lation (such as diet and health behaviours).

Many studies reported on the link between BP and
IGF-1. Despite smaller studies reporting hypertensive
patients having higher IGF-1 compared with normo-
tensives,1,2 the majority of larger cross-sectional and
prospective studies, including this study, confirmed sig-
nificant inverse associations between BP and
IGF-1.3,48–50 We have recently reviewed all papers
referring to this relationship and after pooling and re-
analysing regression coefficients from all studies, our
findings suggested that the relationship between BP
and IGF-1 is dependent on, or related to, IGF-1
concentrations, as an expression of direct or reverse
causality.4 This was based on the finding that popu-
lations with generally low IGF-1 concentrations
(such as patients with diabetes, the elderly, hyperten-
sives – similar to the population from the present study)
indicated a significant inverse relationship with blood
pressure. Healthy populations with IGF-1 in the
midranges demonstrate a weak or neutral association
with BP,4 which may be explained by a homeostatic
balance obtained in maintaining normal BP levels. In
conditions with elevated IGF-1, mostly in dysmetabolic
states,51,52 it is proposed that a phenomenon of IGF-1
resistance occurs, which may result in a positive
association.4

Provided that hypertension is perhaps the most
important risk factor for cardiovascular events, such
as stroke and myocardial infarction, it is noteworthy
to take cognisance of the physiological mechanisms
of IGF-1 to induce BP reduction through nitric

oxide production, as reflected by intravenous IGF-1
administration.53

Carotid wall thickness

IGF-1 has also been implicated in atherogenesis5,7,24

due to its ability to induce vascular smooth muscle
cell proliferation through the MAPK pathway, when
its downstream PI3K and MAPK pathways are
unbalanced. IGF-1 has previously been considered a
promoter of arterial obstructive lesions,54 but experi-
mental models of atherosclerosis show that recombin-
ant IGF-1 infusion causes plaque regression.36 Also,
several studies on knock out or hyperexpression of
the IGF-1-mediated PI3K-Akt-1 enzymatic pathway
clearly show an atheroprotective effect of PI3K
activities.55,56

In Black South Africans we found that IGF-1 did
not predict increased carotid wall thickness, thereby not
supporting the notion that IGF-1 is involved in athero-
genesis. The occurrence of hypertension, hypertensive
heart disease, heart failure and stroke are common in
Black populations, whereas atherosclerosis and coron-
ary heart disease have lower frequency,28 possibly due
to favourable lipid profiles.57,58 Whether this may have
affected our finding needs to be established in other
populations more prone to coronary heart disease.

In a cross-sectional analysis including Black and
White school teachers we also failed to find a relation-
ship between cIMT and IGF-1 in Black teachers.6 In
White teachers we found a beneficial inverse relation-
ship, confirming previous studies,8,59 but upon adjust-
ment for g-glutamyltransferase, significance was lost.
This may once again confirm the complex mechanisms
controlling IGF-1 concentrations but also that IGF-1 is
involved in regulating endothelial and vascular smooth
muscle cells in a beneficial manner via indirect
mechanisms.10

Mortality

In support of our finding that low IGF-1 predicts
hypertension – as a precursor of cardiovascular events
– we also found low IGF-1 to predict cardiovascular
mortality and all-cause mortality. Curiously, when
viewing baseline IGF-1 concentrations in survivors
and non-survivors, or according to IGF-1 quintiles
and cardiovascular outcome, there were no apparent
associations. However, the prognostic value of IGF-1
as a continuous variable was very clear in all Cox-
regression analyses which take both the time-aspect,
as well as numerous co-variates into consideration.

The contrast in results from different studies high-
lights that clarification on the prognostic value of
IGF-1 is needed. The purpose of this study was,
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however, not to review the literature relating IGF-1 to
mortality as we have done regarding the association
with blood pressure.4 To briefly summarize: (a) several
papers indicate no prognostic value of IGF-1 for car-
diovascular and/or all-cause mortality in elderly popu-
lations14,16,60,61 and the Third National Health and
Nutrition Examination Survey;62 (b) some studies sug-
gest a U-shaped relationship with mortality also in the
elderly;13,15,63,64 and (c) a large number of studies sup-
port a protective inverse relationship between IGF-1
and mortality11,12,17,65–67 including the Framingham
study65 and the present study. Also more recent studies
in myocardial infarction, in heart failure11,68,69 and in
end stage renal disease or dialysis patients17,70 link low
IGF-1 respectively to increased mortality or increased
composite of all cause death, recurrent myocardial
infarction, and stroke. In contradiction to the above:
(d) there are also studies linking high IGF-1 with all-
cause mortality in the very elderly.13,71,72 The latter
studies suggest that low IGF-1 relates to survival.
Due to the proliferative function of IGF-1 linked to
cancer,25 it has been suggested that the link between
low IGF-1 and survival may be due to protection
against cancer as a cause of mortality.73

There are no easy means to understand these contra-
dictory associations between IGF-1 and mortality, but
future studies are encouraged to investigate the possi-
bility that the association is based on the IGF-1 con-
centration of the population studied. As mentioned
earlier, we have found the concentration to be import-
ant in understanding the contradictory findings
between IGF-1 and BP.4 The Black population of the
present study exhibited particularly low mean IGF-1
concentrations, which may indicate that this cardiovas-
cular protective peptide is likely suppressed by poor
health behaviours such as poor diets, smoking and
excessive alcohol use.26,42,43 We have also found previ-
ously that interleukin-6 significantly predicts cardiovas-
cular and all-cause mortality in this population.74

A four-year prospective study done in haemodialysis
patients (N¼ 96)17 indicated that patients with a com-
bination of low IGF-1 and high interleukin-6 were par-
ticularly at risk for both all-cause and cardiovascular
mortality. In light of these results, we suggest that the
whole demographic, behavioural and biochemical
phenotype of individuals should be accounted for
when reviewing the prognostic value of IGF-1.

Our findings should be interpreted in consideration
of the limitations of this study. These include the lack
of data on growth hormone and other binding proteins,
cIMT data at baseline, or follow-up data of circulatory
levels of IGF-1 and IGFBP-3. Our baseline sample con-
sisted of 592 hypertensives, which made it difficult to
investigate incident hypertension over five years. Our
specific population of Black South Africans has certain

attributes which may be unique, especially due to
associated exposures of this poverty-stricken group.
Finally, residual confounding cannot be excluded,
although our results remained consistent after multiple
adjustments. This study adds to the limited availability
of longitudinal studies on mortality in sub-Saharan
Africa.

To our best knowledge this is the first prospective
study in a large Black population indicating a protect-
ive independent association between IGF-1 and hyper-
tension, cardiovascular and all-cause mortality over a
period of five years. Despite suggestions that IGF-1 is
involved in atherogenesis, we found IGF-1 to have no
prognostic value for carotid wall thickness in our popu-
lation. More research is needed to determine whether
IGF-1 concentration, low IGF-1 bioavailability, resist-
ance to IGF-1 and the complex interplay between IGF-
1, inflammation and vasoactive hormones affect the
observed associations between IGF-1 and mortality.

Author contribution

AES was responsible for the conception, design and analyses
of the work and drafted the manuscript. AES, CMCM, WS,
RK, SB, LG, HWH contributed to the acquisition of the data.

All critically interpreted, reviewed and revised the manuscript,
and gave final approval and agree to be accountable for all
aspects of the work ensuring integrity and accuracy.

Acknowledgements

The authors would like to thank all supporting staff and the
participants of the PURE study:

1. PURE–South Africa: The PURE-NWP-SA research

team, field workers and office staff at the North-West
University, South Africa.

2. PURE International: The PURE project office staff at
the Population Health Research Institute (PHRI),

Hamilton Health Sciences and McMaster University,
ON, Canada.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with

respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial sup-

port for the research, authorship, and/or publication of this
article: South Africa Netherlands Research Programme on
Alternatives in Development, North-West University,

Population Health Research Institute, South African
Medical Research Council, Roche Diagnostics (South
Africa), South African National Research Foundation
(NRF). Any opinion, findings, and conclusions or recommen-

dations expressed in this material are those of the authors,
and therefore, the NRF do not accept any liability in regard
thereto.

1696 European Journal of Preventive Cardiology 23(16)



References

1. Diez J and Laviades C. Insulin-like growth factor I and

collagen type III synthesis in patients with essential

hypertension and left ventricular hypertrophy. J Hum

Hypertens 1994; 8(Suppl. 1): S21–S25.

2. Laviades C, Gil MJ, Monreal I, et al. Is the tissue avail-

ability of circulating insulin-like growth factor I involved

in organ damage and glucose regulation in hypertension?

J Hypertens 1997; 15: 1159–1165.
3. Zachariah JP, Xanthakis V, Larson MG, et al.

Circulating vascular growth factors and central hemo-

dynamic load in the community. Hypertension 2012; 59:

773–779.
4. Schutte AE, Volpe M, Tocci G, et al. Revisiting the rela-

tionship between blood pressure and insulin-like growth

factor-1. Hypertension 2014; 63: 1070–1077.
5. Fischer F, Schulte H, Mohan S, et al. Associations of

insulin-like growth factors, insulin-like growth factor

binding proteins and acid-labile subunit with coronary

heart disease. Clin Endocrinol (Oxf) 2004; 61: 595–602.
6. Schutte AE, Schutte R, Smith W, et al. Compromised

bioavailable IGF-1 of black men relates favourably to

ambulatory blood pressure: The SABPA study.

Atherosclerosis 2014; 233: 139–144.

7. Kawachi S, Takeda N, Sasaki A, et al. Circulating insu-

lin-like growth factor-1 and insulin-like growth factor

binding protein-3 are associated with early carotid ath-

erosclerosis. Arterioscler Thromb Vasc Biol 2005; 25:

617–621.
8. Martin RM, Gunnell D, Whitley E, et al. Associations of

insulin-like growth factor (IGF)-I, IGF-II, IGF binding

protein (IGFBP)-2 and IGFBP-3 with ultrasound meas-

ures of atherosclerosis and plaque stability in an older

adult population. J Clin Endocrinol Metab 2008; 93:

1331–1338.

9. Sukhanov S, Higashi Y, Shai SY, et al. Differential

requirement for nitric oxide in IGF-1-induced anti-apop-

totic, anti-oxidant and anti-atherosclerotic effects. FEBS

Lett 2011; 585: 3065–3072.
10. Wang J, Razuvaev A, Folkersen L, et al. The expression

of IGFs and IGF binding proteins in human carotid ath-

erosclerosis, and the possible role of IGF binding protein-

1 in the regulation of smooth muscle cell proliferation.

Atherosclerosis 2012; 220: 102–109.
11. Bourron O, Le BY, Berard L, et al. Impact of age-

adjusted insulin-like growth factor 1 on major cardiovas-

cular events after acute myocardial infarction: Results

from the fast-MI registry. J Clin Endocrinol Metab

2015; 100: 1879–1886.
12. Laughlin GA, Barrett-Connor E, Criqui MH, et al. The

prospective association of serum insulin-like growth

factor I (IGF-I) and IGF-binding protein-1 levels with

all cause and cardiovascular disease mortality in older

adults: The Rancho Bernardo Study. J Clin Endocrinol

Metab 2004; 89: 114–120.
13. Andreassen M, Raymond I, Kistorp C, et al. IGF1 as

predictor of all cause mortality and cardiovascular dis-

ease in an elderly population. Eur J Endocrinol 2009; 160:

25–31.

14. Kaplan RC, McGinn AP, Pollak MN, et al. Total insu-
linlike growth factor 1 and insulinlike growth factor bind-
ing protein levels, functional status, and mortality in

older adults. J Am Geriatr Soc 2008; 56: 652–660.
15. van Bunderen CC, van Nieuwpoort IC, van Schoor NM,

et al. The association of serum insulin-like growth
factor-I with mortality, cardiovascular disease, and

cancer in the elderly: A population-based study. J Clin
Endocrinol Metab 2010; 95: 4616–4624.

16. Yeap BB, Chubb SA, McCaul KA, et al. Associations of

IGF1 and IGFBPs 1 and 3 with all-cause and cardiovas-
cular mortality in older men: The Health In Men Study.
Eur J Endocrinol 2011; 164: 715–723.

17. Beberashvili I, Sinuani I, Azar A, et al. Decreased IGF-1
levels potentiate association of inflammation with all-
cause and cardiovascular mortality in prevalent hemodi-

alysis patients. Growth Horm IGF Res 2013; 23: 209–214.
18. Juul A, Scheike T, Davidsen M, et al. Low serum insulin-

like growth factor I is associated with increased risk of
ischemic heart disease: A population-based case-control

study. Circulation 2002; 106: 939–944.
19. Conti E, Carrozza C, Capoluongo E, et al. Insulin-like

growth factor-1 as a vascular protective factor.

Circulation 2004; 110: 2260–2265.
20. Conti E, Musumeci MB, De GM, et al. IGF-1 and ather-

othrombosis: Relevance to pathophysiology and therapy.

Clin Sci (Lond) 2011; 120: 377–402.
21. Izhar U, Hasdai D, Richardson DM, et al. Insulin and

insulin-like growth factor-I cause vasorelaxation in
human vessels in vitro. Coron Artery Dis 2000; 11: 69–76.

22. Wickman A, Jonsdottir IH, Bergstrom G, et al. GH and
IGF-I regulate the expression of endothelial nitric oxide
synthase (eNOS) in cardiovascular tissues of hypophysec-

tomized female rats. Eur J Endocrinol 2002; 147: 523–533.
23. LeRoith D, Werner H, Beitner-Johnson D, et al.

Molecular and cellular aspects of the insulin-like growth

factor I receptor. Endocr Rev 1995; 16: 143–163.
24. Hirai H, Kanaya R, Maeda M, et al. The role of insulin

growth factor on atherosclerosis and endothelial func-

tion: The effect on hyperlipidemia and aging. Life Sci
2011; 88: 425–431.

25. Renehan AG, Zwahlen M, Minder C, et al. Insulin-like
growth factor (IGF)-I, IGF binding protein-3, and cancer

risk: Systematic review and meta-regression analysis.
Lancet 2004; 363: 1346–1353.

26. Schutte AE, Schutte R, Huisman HW, et al. Are behav-

ioural risk factors to be blamed for the conversion from
optimal blood pressure to hypertensive status in Black
South Africans? A 5-year prospective study. Int J

Epidemiol 2012; 41: 1114–1123.
27. Lloyd-Sherlock P, Beard J, Minicuci N, et al.

Hypertension among older adults in low- and middle-
income countries: Prevalence, awareness and control.

Int J Epidemiol 2014; 43: 116–128.
28. Sliwa K, Wilkinson D, Hansen C, et al. Spectrum of heart

disease and risk factors in a black urban population in

South Africa (the Heart of Soweto Study): A cohort
study. Lancet 2008; 371: 915–922.

29. Schamroth C. Management of acute coronary syndrome

in South Africa: Insights from the ACCESS (Acute

Schutte et al. 1697



Coronary Events – a Multinational Survey of Current
Management Strategies) registry. Cardiovasc J Afr 2012;
23: 365–370.

30. Kakou-Guikahue M, N’Guetta R, nzouan-Kacou JB,
et al. Optimizing the management of acute coronary syn-
dromes in sub-Saharan Africa: A statement from the
AFRICARDIO 2015 Consensus Team. Arch Cardiovasc

Dis 2016; 109: 376–383.
31. Schutte AE, Huisman HW, van Rooyen JM, et al.

A significant decline in IGF-I may predispose young

Africans to subsequent cardiometabolic vulnerability.
J Clin Endocrinol Metab 2010; 95: 2503–2507.

32. Succurro E, Andreozzi F, Sciaqua A, et al. Reciprocal

association of plasma IGF-1 and interleukin-6 levels
with cardiometabolic risk factors in nondiabetic subjects.
Diabetes Care 2008; 31: 1886–1888.

33. Dall’Aglio E, Salimbeni I, Rocci A, et al. Modifications
of blood pressure and IGF-I levels after weight loss in
obesity. J Endocrinol Invest 2002; 25: 107–109.

34. Gapstur SM, Kopp P, Chiu BC, et al. Longitudinal asso-

ciations of age, anthropometric and lifestyle factors with
serum total insulin-like growth factor-I and IGF binding
protein-3 levels in Black and White men: The CARDIA

Male Hormone Study. Cancer Epidemiol Biomarkers Prev
2004; 13: 2208–2216.

35. Rojdmark S, Rydvald Y, Aquilonius A, et al. Insulin-like

growth factor (IGF)-1 and IGF-binding protein-1 con-
centrations in serum of normal subjects after alcohol
ingestion: Evidence for decreased IGF-1 bioavailability.
Clin Endocrinol (Oxf) 2000; 52: 313–318.

36. Sukhanov S, Higashi Y, Shai SY, et al. IGF-1 reduces
inflammatory responses, suppresses oxidative stress, and
decreases atherosclerosis progression in ApoE-deficient

mice. Arterioscler Thromb Vasc Biol 2007; 27: 2684–2690.
37. Nindl BC, Santtila M, Vaara J, et al. Circulating IGF-I is

associated with fitness and health outcomes in a popula-

tion of 846 young healthy men. Growth Horm IGF Res
2011; 21: 124–128.

38. Teramukai S, Rohan T, Eguchi H, et al. Anthropometric

and behavioral correlates of insulin-like growth factor I
and insulin-like growth factor binding protein 3 in
middle-aged Japanese men. Am J Epidemiol 2002; 156:
344–348.

39. Teo K, Chow CK, Vaz M, et al. The Prospective Urban
Rural Epidemiology (PURE) study: Examining the
impact of societal influences on chronic noncommunic-

able diseases in low-, middle-, and high-income countries.
Am Heart J 2009; 158: 1–7.

40. Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/

ESC Guidelines for the management of arterial hyperten-
sion: The Task Force for the management of arterial
hypertension of the European Society of Hypertension
(ESH) and of the European Society of Cardiology

(ESC). J Hypertens 2013; 31: 1281–1357.
41. The World Bank. Unemployment, total (% of total

labour force) (modeled ILO estimate). Available at:

http://data.worldbank.org/indicator/SL.UEM.TOTL.ZS
(2015, accessed 27 August 2015).

42. Zatu MC, van Rooyen JM, Loots dT, et al. Self-reported

alcohol intake is a better estimate of 5-year change in

blood pressure than biochemical markers in low resource

settings: The PURE study. J Hypertens 2014; 32:

749–755.
43. Zatu MC, van Rooyen JM, Kruger A, et al. Alcohol

intake, hypertension development and mortality in

black South Africans. Eur J Prev Cardiol 2016; 23:

308–315.

44. Ware LJ, Rennie KL, Kruger HS, et al. Evaluation of

waist-to-height ratio to predict 5 year cardiometabolic

risk in sub-Saharan African adults. Nutr Metab

Cardiovasc Dis 2014; 24: 900–907.
45. Volzke H, Friedrich N, Schipf S, et al. Association

between serum insulin-like growth factor-I levels and thy-

roid disorders in a population-based study. J Clin

Endocrinol Metab 2007; 92: 4039–4045.

46. Reddy MA, Patel HI, Karim SM, et al. Reduced utility of

serum IGF-1 levels in predicting retinopathy of prema-

turity reflects maternal ethnicity. Br J Ophthalmol 2016;

100: 501–504.
47. Juul A. Serum levels of insulin-like growth factor I and its

binding proteins in health and disease. Growth Horm IGF

Res 2003; 13: 113–170.

48. Colao A, Di SC, Cascella T, et al. Relationships between

serum IGF1 levels, blood pressure, and glucose tolerance:

An observational, exploratory study in 404 subjects. Eur

J Endocrinol 2008; 159: 389–397.
49. Landin-Wilhelmsen K, Wilhelmsen L, Lappas G, et al.

Serum insulin-like growth factor I in a random popula-

tion sample of men and women: Relation to age, sex,

smoking habits, coffee consumption and physical

activity, blood pressure and concentrations of plasma

lipids, fibrinogen, parathyroid hormone and osteocalcin.

Clin Endocrinol (Oxf) 1994; 41: 351–357.
50. Capoluongo E, Pitocco D, Lulli P, et al. Inverse correl-

ation between serum free IGF-I and IGFBP-3 levels and

blood pressure in patients affected with type 1 diabetes.

Cytokine 2006; 34: 303–311.
51. Vecchione C, Colella S, Fratta L, et al. Impaired insulin-

like growth factor I vasorelaxant effects in hypertension.

Hypertension 2001; 37: 1480–1485.

52. Imrie H, Abbas A, Viswambharan H, et al. Vascular

insulin-like growth factor-I resistance and diet-induced

obesity. Endocrinology 2009; 150: 4575–4582.
53. Hu Y, Pete G, Walsh MF, et al. Central IGF-1 decreases

systemic blood pressure and increases blood flow in

selective vascular beds. Horm Metab Res 1996; 28:

211–214.

54. Bayes-Genis A, Conover CA and Schwartz RS. The insu-

lin-like growth factor axis: A review of atherosclerosis

and restenosis. Circ Res 2000; 86: 125–130.
55. Fernandez-Hernando C, Ackah E, Yu J, et al. Loss of

Akt1 leads to severe atherosclerosis and occlusive coron-

ary artery disease. Cell Metab 2007; 6: 446–457.
56. Fernandez-Hernando C, Jozsef L, Jenkins D, et al.

Absence of Akt1 reduces vascular smooth muscle cell

migration and survival and induces features of

plaque vulnerability and cardiac dysfunction during ath-

erosclerosis. Arterioscler Thromb Vasc Biol 2009; 29:

2033–2040.

1698 European Journal of Preventive Cardiology 23(16)

http://data.worldbank.org/indicator/SL.UEM.TOTL.ZS


57. Oosthuizen W, Vorster HH, Kruger A, et al. Impact of
urbanisation on serum lipid profiles – the THUSA
survey. S Afr Med J 2002; 92: 723–728.

58. Schutte AE, Schutte R, Huisman HW, et al. Classifying
Africans with the metabolic syndrome. Horm Metab Res
2009; 41: 79–85.

59. Janssen JA, Stolk RP, Pols HA, et al. Serum total IGF-I,

free IGF-I, and IGFB-1 levels in an elderly population:
Relation to cardiovascular risk factors and disease.
Arterioscler Thromb Vasc Biol 1998; 18: 277–282.

60. Harrela M, Qiao Q, Koistinen R, et al. High serum insu-
lin-like growth factor binding protein-1 is associated with
increased cardiovascular mortality in elderly men. Horm

Metab Res 2002; 34: 144–149.
61. Hu D, Pawlikowska L, Kanaya A, et al. Serum insulin-

like growth factor-1 binding proteins 1 and 2 and mor-

tality in older adults: The Health, Aging, and Body
Composition Study. J Am Geriatr Soc 2009; 57:
1213–1218.

62. Saydah S, Graubard B, Ballard-Barbash R, et al. Insulin-

like growth factors and subsequent risk of mortality in
the United States. Am J Epidemiol 2007; 166: 518–526.

63. van Bunderen CC, Oosterwerff MM, van Schoor NM,

et al. Serum IGF1, metabolic syndrome, and incident
cardiovascular disease in older people: A population-
based study. Eur J Endocrinol 2013; 168: 393–401.

64. Burgers AM, Biermasz NR, Schoones JW, et al. Meta-
analysis and dose-response metaregression: Circulating
insulin-like growth factor I (IGF-I) and mortality.
J Clin Endocrinol Metab 2011; 96: 2912–2920.

65. Roubenoff R, Parise H, Payette HA, et al. Cytokines,
insulin-like growth factor 1, sarcopenia, and mortality
in very old community-dwelling men and women: The

Framingham Heart Study. Am JMed 2003; 115: 429–435.

66. Brugts MP, van den Beld AW, Hofland LJ, et al. Low

circulating insulin-like growth factor I bioactivity in eld-

erly men is associated with increased mortality. J Clin

Endocrinol Metab 2008; 93: 2515–2522.
67. Friedrich N, Haring R, Nauck M, et al. Mortality and

serum insulin-like growth factor (IGF)-I and IGF bind-

ing protein 3 concentrations. J Clin Endocrinol Metab

2009; 94: 1732–1739.
68. Watanabe S, Tamura T, Ono K, et al. Insulin-like growth

factor axis (insulin-like growth factor-I/insulin-like

growth factor-binding protein-3) as a prognostic pre-

dictor of heart failure: Association with adiponectin.

Eur J Heart Fail 2010; 12: 1214–1222.

69. Arcopinto M, Isgaard J, Marra AM, et al. IGF-1 predicts

survival in chronic heart failure. Insights from the

T.O.S.CA. (Trattamento Ormonale Nello Scompenso

CArdiaco) registry. Int J Cardiol 2014; 176: 1006–1008.
70. Jia T, Gama AT, Heimburger O, et al. IGF-1 and sur-

vival in ESRD. Clin J Am Soc Nephrol 2014; 9: 120–127.
71. Milman S, Atzmon G, Huffman DM, et al. Low insulin-

like growth factor-1 level predicts survival in humans

with exceptional longevity. Aging Cell 2014; 13: 769–771.

72. Vitale G, Brugts MP, Ogliari G, et al. Low circulating

IGF-I bioactivity is associated with human longevity:

Findings in centenarians’ offspring. Aging (Albany NY)

2012; 4: 580–589.
73. Laron Z. The GH-IGF1 axis and longevity. The para-

digm of IGF1 deficiency. Hormones (Athens) 2008; 7:

24–27.

74. Botha S, Fourie CM, Schutte R, et al. Soluble urokinase

plasminogen activator receptor as a prognostic marker of

all-cause and cardiovascular mortality in a black popula-

tion. Int J Cardiol 2015; 184: 631–636.

Schutte et al. 1699


